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This environmental impact assessment (EIA) addresses the expected pro—

grammatic activities of the Geopressure Subprogram of the Division of

Geothermal Energy.( The goal of the Geopressure Subprogram is to stimulate

B

development of geopressured resources as an economic, eliable, opera-

SR EE S0 A

tionally safe, and environmentally acceptable energy source.r The sub—

el EEN F RN e il

program includes activities in the areas of engineering research and
oi o

development, resource exploration, assessment, and development, resource

utilization including pilot and demonstration facilities, and environ—

..... 7

mental research and control technology development. It should be
recognized that most of the subprogram activities extend over several

years and are in their early stages of implementation at this time.

N
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The zones of potential geopressure development are in the region located

27 )

along the Texas and Louisiana Gulf Coasts extending up to 200 miles -

(300 km) inland.: Geopressured zones are sedimentary basins where water
1s trapped at high pressures within or below thick, nearly impermeable
shale%sequences, The confined water supports most or all of the weight

of the overburden.’ This inhibits sediment compaction and causes forma-

tion pore pressure to exceed hydrostatic pressure. In sedimentary basins

that are underlain by thin oceanic crust, upward thermal conduction from

the mantle heats geopressured fluids and sediments to abnormally high

,,,,,, . T

temperatures, often in excess of 260°C (500°F)

S St ¥ 2% bil




The fluid resource base is the potential recoverable emergy within the -

geopressured zones. It consists of three major forms: water at high

temperatures, water at high pressures, and dissolved natural gas.' ’

Ceopressureiregionsvlie within the'warmrtemperate, suhtropicalréone that

supports a mild climate. Average temperatures decline northward from ’

24 C (75 F) at the mouth of the Rio Grande to 20°C (68°F) along southern

Boewe oy

, Louisiana.‘)Humidity is high (60-80%) in summer, Annual average preci—
Lpitati;n increases northward along the Gulf Coast from 59 cm (20 in.) to
150 cm (60 in.) on the Texas-Louisiana border and 163 cm (64 1in, ) along
the Louisiana coast. Tropical cyclones commonly reach coastal areas.f‘

Air quality is generally excellent.

Surface water flow patterns are generally toward the Gulf of Mexico.
Major surface water channels include the Mississippi and Calcasieu rivers

in Louisiana and the Rio Grande, Nueces, San Antonio, Colorado Brazos,

Trinity, and Sabine rivers in Texas. Dams control discharge.

Four distinct habitat types are seen in coastal Texas and Louisiana:

barrier islands, tidal marshlands, river bottoms, and uplands.

Principal land\uses in the geopreSSured regions are agficnltufé}“pééfé-
leum and natural gas production, and unused marshland. 'Relatively little
land is Federally owned. Cotton and beef ﬁid&uction'éfe’priﬁciﬁal““"

agricultural products. » \



Population densities range from sparse.to, dense in the reglon. Most.

development. may be expected to joccur away from major population centers.

Poteﬁﬁial environmental impacts may result from a variety of programmatic
activities and will vary in importance in different areas. In general,
the adverse effects of geopressure exploration, construction, and opera-
tion activities can be minimized to acceptable levels with proﬁer planning

and the application of appropriate control technology.

Potential environmental effects of resource exploration and development
include noise, contamination of water bodies with drilling muds, ground-
wéter contamination, siltation, erosion, and the noxious effects of re-

leased gases and aerosols.

Construction of utilization facilities, pipelines, and‘transmission

lines will have impacts similar to any large construction activity.

Potential environmental effects of operation of utilization facilities
may be caused by noncondensable gas release, hoise, geothermal fluid
disposal, and cooling tower discharge. In addition, subsidence may
‘result from withdrawal of large volqmes of geothermal fluids; this

would affect urban areas or near-shore ecological communities.

Societal effects are not great and can be mitigated with proper planning

and community involvement in decisibn making.

xi




The alternatives addressed ‘tnclude no action and delayed ‘acticn of both

-‘the ‘National Geothermal RD&D Program and the Geopressire Subprogram.
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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 Adminisﬁration (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 Divieion of Géothermal Energy (DGE). The Geopressure Subprogram is
one of several subprograms developed and implemented by ERDA for ful-
filling its legislative mandate to pursue a National Geothermal Energy

Research, Development and Demonstration Program.

This EIA 1is based on iﬁformation avallable as of January 1, 1977. Al-

though specific sites and designs are not available due to the program-
matic scope of this assgssment, the information presented here provides
a sufficient basis for evaluation of potential environﬁental impacts

resulting from subprogram implementation.

The EIA is divided into eight parts} Part 1 provides general background
and_the purpose of the Geopressure Subprogram; Part 2 characterizes the
éxiéting 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-
grammatic activities on the existing environments; Parts 6 and 7. deal with

monitoring and institutional considerations; and Part 8 addresses
alternatives.

xiii




:. 1. 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 of 10 CFR Part 711. This environ-

mental assessment of the;geopressure subprogram addresses the expected

cprogrammatic-activities, affected environments, .and possible impacts on

RN S e RO A 45 N H I H . 1A

a regional-basis.- Individual site-specific environmental assessments
will be prepared at.appropriate.later dates for DGE~supported projects.
having potential-environmental impacts. . This document .identifies areas

of :potential impact on the human enviromment that .could result from the

. combined - or individual projects of .the geopressure subprogram ggd from

the resultant industry associated with the technology demonstrated.

1.1 NATIONAL ENERGY POLICY

The National Plan for Energy Research. and Development}/wassformulated
ktoygxplore,azwidevrahge‘pf energy.options. to meet this country's growing

energy needs. -:The basic objectives are to decrease our depenﬂgncéHpn‘

-the relatively 11mited:suppliesrpf,natufal gas and oil; to increase

i+ use -of the more abundant :(or less. used) supplies of coal, uranium, solar,

geothermal, :and fusion energies; and. to reduce energy demand thrqugh,:

]

creomservationy: o oecoon e innr Gldioe o0 Feces ]

Present estimates indicate that petroleum production in the United States

cannot meet national demands beyond 1990. Thus, long-range planning,

1-1
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equipment and process development and demonstration, and financial &‘f
assilstance for commercialization are necessary 1f adequate domestic
energy alternatives are to be available to meet national néeds in the-

latter part of this century. -~ - o . 0 i S snimlilius

To ‘ensure that geothermal energy can supply a reasonable percentage.of: ‘
this country's energy neéds; Congress has enacted the Geothermal Energy

Research, Development ‘and Demonstration Act of 1974.% This act-calls:on

theFederal Government to encourage and assist private industry in the:

development and demonstration of practicable means of producing energy -

from geothermal resources in an environmentally sound manner. . This

assistance is to include resource assessment, research and development

projects, education, and direct financial assistance to private industry.

1.2 ERDA GEOTHERMAL PROGRAM

ERDA was mandated by its organizing legislation to pursue thé‘mﬁjor bor—
tion of ‘a National Geothermal Energy RD&D Program.3 The goal of this
program is to work with industry to provide the nation with an acceptable
option ‘for timely exploitation of geothermal resources in the United
States." 'To meet- this goal, ERDA has developed a strategy for a diverse
~approach which includes (1) reducing uncertainties in resource assessment
afd (2) assisting industry to rapidly develop ‘the natural geothermal -
resources and extend the usable geothermal resource base through advanced

technology.
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The specific parts of the program addressed by this. environmental assess-

ment are included in the geopressure subprogram. In all, there are

1

three subprograms to be addressed by three environmental assessments.

hydrothermal, geopressure, and hot dry rock. A fourth subprogram, equip-

: ment development, will be divided among the three assessments, depending

on which resource type the equipment development will support.

The subprogram names are based on the distinct type of geothermal energy

addressed by each. The hydrothermal subprogram deals with geothermal

,,.

resources in which water at elevated temperature or steam is naturally

o g Te ,,;_. s

present near the earth's surface. The geopressure subprogram is con—

cerned with a specific type of hydrothermal resource in which ‘the fluid

pressure is much higher than is ordinarily encountered. The hot dry rock

subprogram includes geothermal resources comprised of nonmolten rocks of
a higher than normal temperature notsassoziated with the presence of '

water. Two additional forms ofkgeothermal resources are recognized,S but
they are not singled out as specific subprograms at this time. They are

the magmatic (molten rock) heat source and the normal gradient heat source,
which consists of rocks having a temperature gradient lower than the hot

dry rock‘resource.

B RSO RET - f‘\’.:. ».'~~..~ T ‘,.E.T,v,.-,u_p' P vt H . P .u...t i’?w Py A
The goal of each subprogram is to encourage the development of a viable

R i (.‘.-

v industry to exploit the geothermal resource by providing assistance in

O reiits

the technological, legal institutional, and environmental aspects of )

geothermal utilization.
: s vl sddnn o L
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"1.2.1° Hydrothérmal® subprogram”

T T H 7: (S8 g el Y b [ - P R I B o

. The hydrothermal resource includes both steam— and liquid—dominated
e

geothermal reservoirs. Of all the geothermal resources, the hydrothermal

resource, as a class, will probably make the most significant contribu-

€

tion to the national energy supply in the near future. A substantial

et Iy

amount of development has occurred at the steamrdominated reservoirs of
'The Geysers north of San Francisco but all indications show that steam—
dominated reservoirs are rareqanomalies and may exist only at The Geysers
in economically recoverable quantities.r A total of 502 MW of electrical
capacity is now operating at The Geysers, with plans to install an addi—
tional 400 MW(e) within the next few years A total of only 16 MW of |
nonelectrical capacity has been developed for all of the liquid-dominated
hydrothermal regions in the United States. Because of the energy poten—
tial of the liquid-dominated resource, the ERDA hydrothermal subprogram
emphasizes support of this resource over the vapor—dominated resource.
-However, some support of vapor—dominated hydrothermal development is

provided at this time by other ERDA programs, including environmental

'research programs and the geothermal loan guarantee program.

The specific objectives of the hydrothermal subprogram are tor(l) determine

the technical feasibility of using liquid—dominated geothermal resources

for both electrical power generation and nonelectrical application of
geothermal heat and (2) support research and development activities in

this area. The subprogram development effort will systematically progress

from the testing of components and subsystems under field conditions to
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reservoir exploration and assessment, field development, and scaled
N testing of integrated energy conversion systems in pilot or demonstration

plants to determine the technical and economic viability of a complete

oediiia el

geothermal utilization system.

- PR S Pt B 8 S L R P I S
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Piiden 4 i i
~ & Tio il

The environmental impact assessment of the hydrothermal subprogram is

;. Ty i

contained in a separate document identified as EIA/GE/77—2, which is

i?& ginr

available for public inspection in public document rooms located at ERDA
ISR .,rll [EI I NSRS N6 I o FEN IS DENEE R S
Headqusrters and ERDA Operations Offices. o

ebinr I Doemegiiann Loyosios o owoimbr wooanon nooo

1.2.2 Geopressure subprogram

The géopressure tésource includes water at high ‘temperatures ‘and high
pressures trapped within basin ‘sédiments‘along 'the Texas-Louisiana Gulf
Coast. :The water is confined within'or ‘below essentially impermeable
shalé sequénces ‘and -carries most or all ‘of ‘the‘overburden: pressure.

Such 'zonés “are 'réferred:-to-as ' "geopressured strata." These fluids and
sediments are heated to higher than normal temperatures for depths at
mhich geopressured’formations occur (up to 260°C) and may provide poten~—
FtiAILfeservoirsifof?écoﬂomiéaifproddétion-offgeothermal,energy; S

R IEOONSST niunes g s

Currently, ‘industrisl interest in'geopressure energy-development is.
limited because it is a regional resource without development experience.
Thus, the ERDA geopressure subprogram will include stimulation of
interest'at allistages of<development — from evaluation of the state

of knowledge regarding reservoirs through support for:-the construction:

and operation of pilot and demonstration plants.




1.2.3 - Hot dry rock subprogram. : -

bThe hot dry rock resource consists of rocks having a high thermal gradient,

Y N

but having no fluid naturally present. There is a substantially greater
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

g *r‘

drilling technology.‘ ERDA is supporting the development of methods for

i

extracting the heat from hot dry rocks. A likely method is’ that of o
:drilling two holes and fracturing the rock between them to allo; aﬁfluid
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.
The goal of-the;EkDA hot .dry rock snbprogramlis,the,developmentfand
demonstration of the technology to extract and use ‘the energy of differ-
ent ‘types of hot dry.rocks. . The pursuit of this goal will.includefi,qh
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 will.be . .

published. separately. : R IR I
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1.3 GEOPRESSURED RESCURCE DESCRIPTION

Geopressured zones are sedimentary basins where water is trapped at high

pressures within thick, nearly impermeable shale sequences. The confined

4!»*

water supports most or. all of the weight of the overburden. This inhibits
sediment COmpaction and Causes formation pore pressure to exceed hydro-
static pressure. It is theorized that in sedimentary basins that are
underlain by thin oceanicfcrust, upward thermal conduction from the mantle
- heats geopressured fluids and sediments to higher than normal temperatures,

é i

as much as 260°C (500°F) in very deep formations.

Within the United States, numerous geopressuredrsones are located in the
northern Gulf of Mexico basin (see Fig. 1 1) e most easily accessible
zones lie within Tertiary sediments beneath an area 145 000 km2 along a
.narrow belt extending from the Rio Grande in Texas, northeast to the ‘
Pearl River in Louisiana, and inland from the Gulf shoreline.7ﬁ These
sediments are comprised of interfingering beds of sand and shale._ The

U S Geological Survey has divided the area into surface subareas, based

on geological environments. For location and characteristics of these

’zones. see Fig. 1.2 ‘and Tables: 1 1 and 1 2.; Other geopressured areas,
\though not currently accessible, are located in.i (l) Tertiary sediments
extending offshore to the continental shelf (133 000 kmz), (2) Tettiary
sediments ‘onshore but below the present depth well control (6 to 7 km),
‘and (3) CretaceOLs sediments underlying the Tertiary beds and extending
vfarther inland (an additional 52, 000 km?) .7 The current ERDA subprogram

does not address offshore resources, therefore this assessment is confined

to the envirommental impacts of onshore development.

e S
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. sz}:ble 1.1. Areal extent and average depth, pressure, temperature, and salinity, conditions in each subarea

PR RTI

o Average - ‘jAverage S e gt e Average:
- Areal . . depth . depth SR Average .. . Average  , “'§éli‘r‘|ft‘V .

Subarea extent .. to top of . to- . . . . pressure ... temperature T

(km?) deopressure  midpoint (meganewtons/m ) v °cy “Number of TDS

(km) (km} : S samples ... . (g/liter)

AT, 8,948 2.36 4.18 82.4 186 16°
ATL, 20,965 . .2.47 423 78.5 156 20°
BTy - 13588. ~  1.82 3.91 74.6 170 362 30
BT, ~ 5595 . 232 4.16 81.4 150 . 50 38
CTy 8,230 2.47 4.23 81.4 172 20 24
DTy 4861 292 4.46 88.3 172 95 23
DTy 5,155 - 2.68 4.34 86.3 169 2 33
DT . 7425 . 241 4.20 80.4 153 67 28
DTL,4 5,102 - 2.62 4.31. 83.4 141 18 46
DLg - ,7,015 3.01 5.01 ' 102.0 1647 2227 e 66°
‘DLg 3729 3.05° 5.02 104.0 160 14 . 559
ETy 5,400 2.96 4.48 83.4 168 34 o340
ET» 1,938 263 " 4.32 83.4 166 24 A7
ET; 7,496 237- - 419 80.4 146 65 27
ETL, 3,461 263 . 431 87.3 140 4T B2
ELs 8,144 3.66 5.33 1069 165 39 - 90t
ELg 8,849 332 516 . - 1050 159- .- " 87 .83 L
EL7 6,249 2.99 500 10010 - 146 . 9 . 260
FTy 2,269 3N 455 83 1m0 T oqeb o
FTy 4,707 3.76 5.38 S 10500 . 148 ERY' Y :” L

FlLg 6139 3.88 5.44 S LK -1 S | R |
 Total 1as, 265 ' RS !

—

“3Estimated; samples not available. ‘ i ;
bSallmty as NaCl calculated from spontaneous potential of well logs; number of samples 1 refers to number of well Iogs
°0nly a few samples from deep zones are included.

INo samples from deep zones are included. B .
- Source: - T 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,”’ Geological Survey Circular 726, 1975.
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'!;eble 1.2. Assumed thickness and pieperties of sand and shale beds in idee|izei!: coneeptuaf ?eser\;ipirs

‘;'j:fotarf‘j * ‘ ""Sand"équife‘l" - - Upper shale bed fLower shale bed -
Reservoir: réservoir ;;‘luml;‘er of Extrapolated . . Average ‘Average ~ Assumed . Assumed .’ Aes'umed Assumed
., thickness i T thickness | permeability porosity - thickness porosuty thickness poroslty
Ampo o WIS “(km) % (udarcies,md) . (%). (km) (%) (km) (%) -
ATy = :13.64c ~ 13 [.063 . = 20 e ¢ 1.80 16 1.21 12
ATL, = 353" 33 09 35 S22 2 140 17 1.22 1.
BTy 418 9 1 0.56 15 - 18- 1.89 18 1.73 12
BT, -3.68 6 055" 20 G20+ 1.82 17 1.31 1
CT, 3,63 5 D114 20 T 19 1.37 17 1.01 1m
DT, ~3.08 g o 1,22 25 190 1.19 16 0.67 1.
DT2 -3.32¢ 4 1 054 20 = 20 1.74 16 1.04 RLRE
DT3 359 7 - 055 = 25 .20 1.71 16 1.33 12
DTLg =  +3.38 8 o041 v 30 L2107 175 16 1.22 1"
Dtg . =399 156 = . 056" 25 L2000 - 222 14 1.21 10.
Dig ©3.950 a .~ 0.76 C 25 20 2.14 14 1.05 10
ETy "3.04 4 5 1.50 20 19.. 0.88 16 0.66 1"
ET, .3.37~ 4 -~ 061 30 - 20 1.63 16 “1.13 1
ETs @ 363" 12 - 074 35 21 1.63 17 1.26 1",
ETLy = 337 9 . 042 - 30 21 1.90 16 1.05 1.
ELg =~ 334~ 13 - 067 40 o2 1.78 13 0.89 10
ELg ~3.68. 12 7 0718 40 Lo 1.95 14 0.98 10
EL, . 4.01 7 - 102 40 21 .. 187 15 1.12 9 -
FT, 112,89 4 . 5093 25 20 . 118 15 0.78 1.
FLy -3.24 6 © 0.90 50 22 1.49 13 10.85 10
FL3 o 3a2 9 - - 066 40 2. 173 13 0.73 9.

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 Mexwo Basm " Geo/oglcal Survey Circular 726, 1975
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The geopressured fluid resource base contains energy in three major g_y;
forms: :water'at high temperature, water at high pressure, and dissolved

natural gas.

Much offtﬁeiﬁé;t:cbédﬁcﬁeatﬁf;a;a fto§ the maﬁtie iélabéo:bed by the
undercoﬁpacted water—bearing-zones because of their iﬁsulating préperties.
Temperatures of 107 to 149°C (225 to 300°F) occur at depthé of 3,900 m
(l0,000*ft); at depths of 4,500 m (15,000 ft), tempergtu;esriﬁ éx;éss of
177°C (350°F)?afé79£t¢ntf0und; Within the'basin,:tempefatureé-gréater
than 260°C (500°F) have been found at depths of 6,000£md(y20,000ifrt7::).8
These temperatures represent significant therﬁal energy fpr conveision

to electricity, iﬁdustrial and agricultural process heat, and/or épace

heat energy.

In addition to the high temperatures of the water, these fluids also

exist at abnormally high pressures. Under normal conditioms, 1ntérstitial
waters exist at about 0.0106 MN/m3 (0,4657psi/f§) or hydrostatic pressure.
ﬁowever, the geopressured waters often apprdach lithostatic pressﬁre
[0.0227 MN/m3 (1 psi/f;)]. Fluids, therefore, flow readily into well
bores and to the surface where potential hydraulic energy can be éon—
verted for useful purposes, such as the generation of eleétriciﬁy} The
change from.hydrostatic to lithostatic pressure is usually phar#cferized
by an abrupt intefface encountered at'depthg from 1,50Q to 4,500 m

(5,000 #o 15,000 ft); beyond this interface, the sediﬁentsuexhibit

increasingly,abqorﬁal pressure withfdgpth.e C
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The shales’ that 1ie within the geopressured zones aré thought to be the
source beds for most'or all the hydrocarbons within the Cenozoic portion

: oflfhe Gulf of Mexico basin.® Natural gas, easily soluble in water, is
apparently ‘available within these formation:fluids. Up to 100 ft3

*(2.83 m3) of natural gas per barrel of watet may be ‘dissolved under:
thévhigh5pteshdfe¥high'temperature"rgservoir=conditionsa7 ‘" Methane com-—
prises most of the distolved gas; ethane and propane are present in
minuEE'quantifieq;"ionly minimal concéﬁtratiohs»of5heaviérlhydrocarbons
are found. Tested ‘dry-gas reservoirs in the geopressured zones indicated
no evidénce ‘'of hydrogen sulfide (H,S) or other serious contaminants, but
small“amoﬁhfé‘of'ﬁzswﬁéyAbe*present”inftheﬁgeopressured reservoirs in
some locations.® The potential ‘uses of ‘such ‘@ relatively pure and easily
accessible natural ‘gas ‘are numercus. '’ -

AR

ﬁithin‘the'formatibn‘Watérs7in*geopréssﬁredfzdnésfof=south=Texas‘coastal
régions, ‘salinitiés are commonly less ‘than''20,000 ppm IDS and are often
‘less than 5;000 ‘ppm. ‘Salinities of ‘south:Loulsians geopressured zones:
are ‘more unéertain. 'Salinities ‘generally exceed 100,000.ppm for ‘thick,
normally pressured sand units overlying the geopressuredfshale.m Most of
the ions originally present in the formation waters are filtered out as
they migrate from thé shales téward:the ‘sand aquifers:®: The benefits of
low—galinity waféréréfeftWOfold: ‘(1) *they ¢an hold ‘more ‘methane ‘in solu-
tibn;5aﬂd“(2)’with5ﬁihiﬁal‘deééliﬁationieffortsfthey might be ‘used:to: -
provide ‘direct uses 'such‘as spacé heating, process heat; irrigaticn; ‘and

human- consumption’ - ivn srloud Lo Devosoovoons odlin boe coeddr o
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Economic, engineering, and environmental conditions define more specifi-
cally;;hoée<areas‘where enérgy;fromvgeopregsurqd zones would be most
marketable.:. The currently accessible pore fluids, therefore, lie between
the top of geopressure.and the depth of well control (an estimated 6 km
in Texas and 7 km in Louisiana).’ - The Wilcox and Frio formations contain
sand beds‘of,thickneSSfrequiredraﬁd_form a system of fairways along the
northern .and western Gulf coast. The Eocene-Wilcox group is perhaps the
oldest -zone with geothermal potenﬁial.; The .linear development of sand

. covers an .area 1,460 km long and 100 km wide, essentialiy parallel to
the coast. -The top of geopressure is generally found at a depth of
3,000 m (10,000 £ft) where -temperatures average 120°C (250°F) but have

. been found in excess of 180°C (325°F); pressures are approximately

80 MN/m? (11,600 psi or near overburden pressure). Overall sediment
thickness ranges from 700 to 1,700 m. As calculated by Dorfman and
Kehle, the power potential for the Eocene-Wilcox group would be approxi-
mately 7,400 MW centuries (Table 1.3) for conversion of heat to electric
power.6 Total potential energy exceeds this value due to the mechanical
hydraulic energy of the high~pressure fluids and the chemical energy

stored in methane gas.

.In comparison, the pressured Frio sediments of Oligocene-Miocene age -
underlie more than 50,000 km? of the Texas coastal plain. Properties
and sand thickness of the Frio are similar to,the,Wilcox and may;tbﬁsrr
'hold a potential. exploitable geothermal- reserve of 7,500 MW centuries..

With these and other geopressured sand bodies considered, the overall
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Table 1 3 Calculatlon of geothermal potentlal in Wllcox Sand

Length of WI|COX Sand trend 1 460 km
Width of known geopressured zone: 40 km
Areal extent of Wilcox geopressured zone: 58,400 km?
Average zone thickness in geopressured interval: 1,200 m . s
Assuming 20% of interval is sand, average sand thlckness 240 m
Estimated volume of geopréssured sand: 14,000 km?
Assuming average porosity of sand is 15% vol. of water: 2 100 km
Density of water: 1 g/ml
++Mass of water::2 X, 1018 P T
" Bottom-hole temperature: e T
.. Useful change in temperature: 75 C
Heat capacity: 1.0 cal/°C-g _
... Useful change in enthalpy:. 75callg . ... . .
Total enthalpy: 1,676 X 10'8 gcal’ ~
- Assuming a 14% efficiency in conversionto power, . . .. . .
Total useful enthalpy 22.05 X 1018 g-cal X 1. 16 X 10 -9 g-caI/MWhr =
25.62 X 10° MWhr, or 2.96 X 10% MW centuries -
Power potential = 7,400 MW centuries based on 25% reservoir depletion

BRI A S PN S

Source: M. Dorfman and R. 0. Kehle, *Potential Geothermal Resources -

of Texas,” Geological Circular 74-4, Bureau of Economic Geology, Univer-
sity of Texas, Austin, 1974. . . -

i
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available electric power potential, as converted from heat, would be

approximately 20,000 MW centuries.®

Total potential and exploitable energy for the northern Gulf coast is
estimated between 552.4 x 10!® and 17,000 x 1018 cal? (25,900 and

79,700 M centuries, after the forgrof Dorfman and Kehle).

1.4 PROPOSED GEOPRESSURE SUBPROGRAM ACTIVITIES

The geopressure subprogram will explore a range of technicgl} economic,
and institutional factors associated with ﬂeéélqpipg theiggppressured
resources. The subprogram activities may be grodped'ihtO'tﬁe categories
of resource development, resource utilization, engineering research and

development, and enviromnmental control and institutional studies.

l.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 for exploration technology, including
high-temperature equipment and materials development, are being funded.
Resource assessment will consist of (1) an assessment of the geopres-
sured aquifers in Texas and Louisiana that uses existing well logs,
seismic data, and micropaleoentological information; (2) the acquisition
of specific reservoir information on a regional basis; and (3) the per-
formance of well production tests. Two tests are currently planned for

representative reservoir conditionms.
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- Short-term: production tests on-existing wells and:longer~term tests on

new wells will'be performed to better define the factors affecting the
development of extraction: technology. Information will be. sought for -
drilling, drilling completion, materials,:corrosion,.sand control,

reservoir management, and well maintenance.

A AR B S

~:1.442 Description of utilization projects -

Those specific utilization projects associsted with the geopressure sub-

program that have potential environmental impacts will each have an

RS

environmental assessment prepared as required. This section briefly

describes -the presently planned projects to:provide an:overview of the

- projects associated with the .subprogram. - After information is.obtained

which confirms the ‘feasibility of ‘producing: useful quantities of. fluids,
conversion technology for transforming the:geopressured energy into a
more usable form:will be .supported through'the construction and -operation

of a:pilot plant:that uses a.flashed-steam or binary-fluid-power cycle.

- A representative site:will be sélected forithis:pilot plant. -After ..

demonstration-of the‘seleCted,power.cycle,vthe'pilot plant will be retro-

filtered with an advanced power-cycle,:such as the total-~flow concept.

»Geopressured fluid:will be used for: testing equipment and :for- investigating

scaling and corrosion problems. - Some ‘downhole- technological developments

may be attempted as well.

A pilot plant will also be constructed to test a system for generating _

electricity and producing natural gas from a geopressured reservoir.lyr

- . :
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The site for.the pilot.plant has not been selected. A test facility for
evaluating flowing wellhead.conditions ofvgeopressured‘fluids‘is?also

planned and will: consist of test wélls; experimentalxspace, 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.

1.4.3L ﬁﬁéin;ériné‘fésééfcﬁ andwd;;élsﬁﬁégﬁ ;ctivifies |

ERDA 1is 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 new drilling technology
such as high—-temperdture drilling fluids and cements, and compacted-
diamond drill bits. Utilization technology support is focused on devel-
1oping'advancéd components and techniques for improving the reliability
and efficiency of energy conversion processes. Geochemical engineering
'technology\support will:include basic and applied studies’ of:geopressure
fluid chemistry and materials technology for energy extraction. -

1.4.4 Envirommental control and institutional studies

Environmental control and institutional studieé will be supported to

address the critical environmental, health, safety, policy, énd
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A,institutionalvconsiderations,involvedgin;making_geopressurektechnology
commercially feasible.  Activities include environmental studies, eco-
" nomic analysis,,and-policy and,planning;analysis for: the overall geo-
thermal: RD&D  program-and.for- the geopressure subprogram specifically. -

FRES IS T . g o Vs LA , PR = ¢ . : ’

%:-1+4.5 : Existing geothermal technology i« - -

.\: i'

With the exception of The Geysers geothermal operation in California,

sy e : . ,V(, Toiw o
T oy i,

vgeothermal development in the United States has been confined to resource

‘; H ‘,("j i

reconnaissance and assessment activities and a few nonelectrical applica—

s sy
i - i

B

tions.; The present state of the art of teqhnological developments is
such that substantial energy production is possible from areas other than
The Geysers, provided the proper incentives exist. Present technology
would permit the production of electricity from; low-salinity high- .-
temperature fluids by direct-flash methods, theutilization of heat
directly from low- to.moderate-temperature.fluids with.low scaling poten-
tial,;theurecovery:of4some;minerals1and:chemicals-from;suitably consti~

tuted fluids,. and the desalination of. moderate-salinity fluids to produce
r : 2 ¥

freshwater.. {..- 10 il L

,Presentzgeothermal technology centers around .the relatively clean,:.
moderatef;toshigh—temperatureggeothermal7fluids;and;;heydryisteam<at The
Geysers.;{Since;a;substantial;amount;o£;the*hydrothermal~resource3hasthigh
,percentages,ofytotal§dissolved;solids,;andwsince;manyggeothermalrresourceA
areas have~on1yglowketo.moderategtemperaturegfluids,Nthis;ﬁechnology“‘

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

from geothermal reservoirs with current technology.
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Estimates of the‘total capacity of The Geysers reservoir vary, but it is Qiyg
possible:that about 5,000 MWe of capacity can-be installed there within

the ‘foreseeable future. ' The liquid-dominated reservoirs of the Imperial

Valley and of other regions in the:United States might be expected: to.

contribute an additional 20,000 MW of electric and equivalent nonelectric

capacity with existing technology by the year 1995 1f development started

soon. Thus, a total of 25 000 MMe of geothermal capacity might be -

’ installed with the existing technology.ll0 'A cautious reminder, however,

is that the only firm plans for installed capacity total just over 900

Mwe by 1979 with expansion to about 1, 500 Mwe by 1985 (at The Geysers)

1.4.6 Future development

As stated earlier, the National Geothermal Energy R&D Program was -
designed to stimulate geothermal development using existing technology
as well as' to promote new.technologies for increasing the developable
resource base. These new technologies involve resource development and
utilization ‘and concentrate primarily on the development of methods for
using (1) the moderate-temperature fluids and the high-salinity fluids
for electric production, (2) the low- to moderate-temperature fluids'in
nonelectrical applications, and (3) the geopressured energy ‘and natural
-‘gas of the geopressured resource. The addition of this new technology
-‘to the resource base would increase the installed capacity in 1995. ..
" More important, the potential growth rate for new capacitY‘would?triple

by the year 1986 or 1987 as compared with present technology. -
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The ERDA geopressure subpreg;eggig_epppexpdgg;efforts aimed at encourag-
ing (1) the addition of the geopressured resource to the national energy

‘base by the time the resource is likely to be in demand and (2) the for—

mation of an industry around the resource prior to that time.
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2. ENVIRONS OF POTENTIAL DEVELOPMENT

Known geopressured resources with high potential for future development‘
in the United States are all found within a-narrow. band along the Texas-
Louisiana Gulf Coast (see Sect. l 4) X For the purposes of this assess-~
ment, potential geopressured zones in the offshore continental shelf will

;.",.
3

not be considered - erlf’j:wrf_;a

Federal lands within national parks, national recreation areas, fish
hatcheries administered by the Department of the Interior, wildlife
range, wildlife refuges, game range,“wildlife management areas, or
waterfowl protection areas, and lands reserved for protection and -con-
servation of wildlife species threatened with extinction are not avail-

able for geothermal leasing or development and therefore, will not be

discussed.:

Along the Texas-Louisiana Gulf Coast, geopressured regions occur where
the rapid accumulation of thick Sedimentary strata has been accompanied
by the entrapment of water at high pressure. Such conditions are not
uncommon, geopressured reservoirs occur worldwide and are found asso~1
ciated with the South China Sea, the Red Sea, the North Sea, the Arctic
Islands, and other former or present sedimentary basinsl (Fig. 2.1).

The Gulf of\Mexico.coastalrgeosyncline is the most extensive,andﬁwell—

understood high-pressured region and clearly exemplifies the geopressure
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processes assoclated with geosynclines: ' subsidence, rapid sediment accu-
mulation, ang“gidﬁtﬁ“faﬁit'aevéiopﬁehti”‘
The Gulf of Mexico lies within the Atlantic—Gulf coastal province of
North America. Underlain by a basement of highly metamorphosed Paleozoic
and pre—Cambrian rock, great “thicknesses of Mesozoic and Cenozoic strata
[up to 15 250 m (50,000 ft)] make up the Gulf geosynclinal sequence and’

are exposed along the coastal area.

_ According to Meyerhoff et al.,? five major geological factors have
influenced the geosynclinal development‘of the Gulf Coast. (l) the
structural grain of the Paleozoic Ouachita orogenic belt determined the
geometric form of the geosyncline' (2) a depression (the Gulf of Mexico)
already existed as a potential site for geosynclinal formation, (3) the
rate of subsidence remained equivalent to that of deposition, (4) the
thick Louann Salt sequence of Triassic—Jurassic age provided an important

welement of structural mobility within the geosyncline, and (5) the - -

;rising Rocky Mountains, beginning in?Paleocene time, supplied large
{volumes of sediment for eventual deposition along the~Gulf Coast. Of .

fthese major factors, rapid sedimentation and subsidence were particularly

?significant in the development of the geosyncline s eventual geopressure

5environment.;: , — 2 féf, ’

During the geosyncline s formation, growth faults developed subparallel
to the geosynclinal axis and Texas-Louisiana coast (Fig. 2.2). Growth ﬁ
faults are normal faults which have a substantial increase in vertical

displacement with respect to depth and a great thickening across the
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ADAPTED FROM MURRAY, 1981

Fig. 2.2, Principal regional normal faults and landward boundary
of miocene deposits — northern Gulf of Mexico Basin. Source: Eugene
Herrin, Development of Geothermal Reservoirs from Over-Pressuréed Areas
Beneath the Gulf Coastal Plain of Texas. A Feasibility Study of Power
Production from Overpressured Reservoirs, NTIS, U S. Department of ‘

Commerce, Springfield, Va.

-2
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section from the upthrown to the downthrowﬁ,block.?i These faults form .
arcuate patterns where particularly large deposits develop on the down-

thrown, Gulfward blocks.

The cause of such faulting is not well pn@grggpod,quones believe; it
may be inigiated?by a greatly ;pg;egseé!oyerbg§den’p;esgurg,“; As?sgdie‘
mentslcpntingg to.expand seaward into the Gulf?_ygdeply}ng,mpds and
clays cause growth faults to form along plapgs,q£;Struct9ra1 weakness
in areas of heavy influx. A continuing cycle develops as growth féults

allow greater overburden pressure which, in turn, causes further faulting.

Rubey and Hubbert have PF°P°§edmaPQFhe? mgghagismiwhe;eby growth faults
vdevglogiin,rggions_qf abpo;?a;;yfhigh?f}giq p:gssuref§<‘Grav1ty sliding 
is activated where the h;gthlu§q‘p;essqrg:pas ;edqcedjthé sbearing
strength of the rock. The strate then move along bedding and other
planes,of,weakggssf_JAtﬁthg,hggdlof;;he‘g;iding block with movement
occurring only on the dovnthrovn side, gravity or normal (growth)

faults result..

These two theordes are essentislly in sgresent except for the factor
of time sequence. . Faulting because of excessive fluld pressure obviously
weuld occur folloving the development of geopressured strata. In com
t;ast,ifgglting;inﬁuged‘byvgygypuxdggAcould;occur‘béfo:e,og_duxingtthe‘h
establchment of geopressured conditions. Hoyever, either mochanten,
in;gonjggc;ion’wi;p ;apiﬂ é;ﬁ;méntgtiop‘apd‘supsidence, enables,déwp—
thrown blocks to accumulate the large amounts of clastic uniﬁs asso- |

ciated with the geopressured regime.
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_ Gulf.CoaSt'Tertiarf sediments may reach thicknesses of 15,250 o

(50,000 ft) or mc;re;1 formations of the Cenozic-Texas Gulf Coast are
listed in Fig. 2.3. The lower and middle strata comprise a thick shale
sequence where water entrapment and abnormally high fluid pressures have
developed. These sha}eé are interbedded with sand lenses that are iso-
léﬁéd’b&’pinching out or faulting. Within the shale seqﬁeﬁce, most geo-

pressured zones occur within or below the Oligocene-Frio Formation.®

The upﬁef, nbrﬁéll§ipfeésqred sEréEé:COhsist’ﬁoétly of sands.”?®
Following depbéition, the’dénsity of these units is largely determined
by porosity. Because neither clﬁy particles nor water are readily com-
pressible, any sgdiment compaction implies a reduction in porosity and
an expulsion of interstitial fluids. As sediments are added to the over-
burden, interstitial waters are expelled, and the ciay'beds graduaily
consoiidate. Howéver, while compaction cohtinues, the rate of fluid
expulsion lessens due fd a continuous decrease in shale porosity and
permeability. 1In relation to thé Gulf Basin, the continual decrease in
fluid movement has evolved simultaneously with increases in sedimentation
and overburden pressure along the fronts of seaward expanding delta
systems. Eventually, fluid movement from the shales is reétrictéd.
According'to'Jones,“ no reliable measurements for‘permeability are
available, though Papadopulas étral.gvarbitrarily designétes a value of
oniy 0.0001 millidarcies (md) for the high-pressured shales.’ Water can
no longer be forced into the diStant’overlying‘strata, and further éomr

paction is prevented. The interstitial fluids begin to assume part of
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- Quaternary - -
LR pe e - Pleistocene Houston
- Pliocene Goliad
e Flemmg
S M -
| :qoc_ene Anahuac
-7 —7
Frio -
‘,» Tertf';:a ry O:»hg‘c;‘)ce:ne ) ‘Vicksburg
Jackson
1 Eb énle»‘ Claiborne
: C, f Wilcox
Midway

Fig. 2. 3

i Tertiary formations — Gulf Coast -of Texas ‘Source: -
D. G. Bebout, Proceeding of Second Geopressured Geothermal Energy
Conference, Volume II: Resource Agssessment, University of Texas,
Austin, February 1976.
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the overburden load such that pore pressure ultimately exceeds hydro- \_j
static pressure, or 0.0106 meganewtons/m3 (0.465 psi/ft). This condi-

tion constitutes ''geopressure.”

The geopressure interface is characterized by an abrupt change froﬁ*r

hydrostatic pressure to geopressure and occurs within a range of ‘
1, 500—4 500 m (5 000—15 000 ft) deep.8 - In the Gulf coastal basin, this
change usually occurs between 3,000 and 4,000 m3(10,000 gnd 12,000 ft).
Beyond thié interface, pressures increase steédily with,depﬁh and qften‘

approach lithpstatié'pressuré; ér 0.227 meganewtons/m3 (1,psi/ft).

Temperaturés wirhin these bedé are abnormally high. The water-filled,
undercompacted shales and their enclosed sands act as a”thermal barrier

and retain much of the heat conducted upward from the Earth's mantle. &uJ
Relatively‘little heat is transferred to the overlying sediments. Above

the high-pressure strata, temperature gradients are normal but increase
sharply below the geopresgure interface. Schmidt notes a 60% increase .
from 2.3°C/100 m (1.3°F/160 ft) to 3.8°C/100 m (2.1°F/100 ft).® In-

creases of up to 100% haverbeen recorded by Dorfman and Deller from

2.7°¢/100 n (1.5°F/100 ft) to 5.5°C/100 m (3.0°F/100 ft).10 This con-

stitutes a thermal interface which coincides with both the~geopréssure '
interface and the 120°C (248°F) isotherm.’ Temperatures increase with -

depth beyond this boundary depending on local conditions. At depths of

6,000 m (Z0,0QO'ft), temperatures‘exceeding_26Q°C (500°F) have bégg

found.”
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The geopressured fluids originate from two major sources. - Most of the
interstitial fluid consists of water confined during initial depositfon.

Secondly, free water is liberated by ‘the alteration of the clay mineral

montmorillonite to the less Hy’d‘roiiéf'?‘clér;f, i11ite., Montmorillonmite 1s a
major constituent of these m‘v.idsf ‘as ‘they ‘are initially 1laid down.ll
Characterized by an expanding lattice, this hydrous mineral absorbs two
layéfs"of'\'o;y"s'jtélﬁoje water on its surface. At high temperatures be- <~
tween 80° and 120°C (176° and 248°F), ‘it ‘converts to illite and releases.
the crysta.lline water.* " These t%eﬁ{ooféi:ufes‘ ooihﬁéiaef in part with the
geopressure interface and 120°C isotherm, which implies that mch of the

water bound to montmorillonite is liberated w:l.t‘hin. geop’fessured’ shales."

éoﬁpaot'ioﬁ' is mir{imal. In ‘the Gulf reglon, shdle densities ‘at ‘depths of
4,500 m (15,000 £t) are spproximately 2.4 g/cm3. The ultinate density °
of well-confpactedshale152653/ cmd, ‘which 'i:ﬁﬁplie‘s”"fh.at 1arge volumes

of water remain to be expelled from the undercompacted strata.}2 == ¢

Porosit);within a single "s-‘hia:,i'e';?béd';iﬁbifr’ vary . “The greatest ‘amount of < "
compaction Kas ‘occurred ‘aléng the beds" ‘margins; ‘thus, there is ‘a ‘general
decrease in porosity "from the shale's central zone 'to its outer contacts
with sand aciuifers " 'As ‘noted by 'Mégéré;g the ‘reéilts ‘of ‘this are twofold.l3
Firs‘ite, ' porosity ‘decreases [“fluid pressure -also decreases. Therefore,
 water migrates ‘from the central zone to ‘thé shales' ‘margins and towards '
the sands. This constitutes “compaction flow. ‘Secondly,-salinity - :°

increases as the porosity decreases due to the greater filtering
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capabilities of less porous sediments, As water passes through the low-
porosity shale boundary, salt lons become trapped. A sa;lrvinitry‘grrad:l,ggg
regﬁlgq,and causes.an:qsmp;ic flow of water ffom the central zongrqugrd
the more saline outer margins.. The dirgcpion of'osmptic flow wi?h;n,;he
shale thus parallels that of compaction flow.

Both .compaction and osmotic flqwrare facilitated by the dehydxafioq;of
moptmorillonite.;MDu:ing_cogyeréion to illite, free water (15% by,vo;umé)
is;libq;ated,_:Thisgincreases both fluid anqkosmotic'pressu;es within |

the central iqne and promotes water migration from the shales' central

zones .to the sands.’

The direction of fluid migration coincides with the movement of dissolved
gases. It is estimated that most or all of the,hydroggrbon sources witﬁr
the Gulf basin originate 1nrthe Cenozoic shales. Within the geo-
pressured fluids, nearly all of the hydrocarbon resource consists of

natural gas, primarily methane.

Ethane and propane are present in minute quantities, and only m;n;mal
.cconcentrations of heavier hydrocarbons are found, with litt1§79§ no
evidence of hydrogen sulfide (H3S) or other gon;aminants.?o’ The
dissolved.gases flow from areas of greater concentratiqp in the shales
to areas of least concentration in the sands. Water freshepiqg!vith;q_w
both -the sands. and shales aids this process by allowing greate?‘amouggs

of natural gas to be dissolved in the less saline water.?3
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Many of the sand lenses within the Teritiary sequence are eompletely
isolated. According to Bebout, the Frio, Vicksburg, and Wilcox forma-
tions containgthe more extensive sand bodies within or beneath the geo-
pressured shales.6 The;shalesiare relatively~imperneahle and envelop
the porous sandstones.by (1) "pinching out" of the sand lenses, or by

(2) faulting of the sand beds along growth faults (Fig. 2.4).

Large volumes:oflwater;are;eonfinedlnithin the{isolatedrandvmoderately
consolidated ééﬁ&é:f*bofbéitiéswraﬁgé”ffoﬁ'1s;2§2i£§fvolua5, and per-
meabilities average 29 md 9 Unlike the surrounding geopressured shales,
these sand beds are not undercompacted to any major- extent and there-
fore, maintain most of -their interstitial spacing. Papadopulas et al.
(1975)° and Herrin (1973)1 assign a value of only 3 x 10 6/psi for the

,4\‘

compressibility ofasand aquifers.jfnxr T I B BT e

Gnder thee condtiions; 1 send Lanass 5 44 dncebient Faservotes fon
geopressured rluids; As stated earlier, compaction and osmotic flow
originate within the geopressured shales and move slowly outward past
the shale margins into the sands., Dissolved natural gas follows a
similar flow path:« As a. result, the sand reservoir fluids are high in
methane and low dn- salinity, dissolved solids are generally less than
20,000 ppm and often less than 5 000 ppm in many geopressured reservoirs
of coastal reglons in South Texas. 9, Pressures and temperatures within

these beds are similar to those of the surrownding geopressured area.
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o
‘!:n',.gy
,,,,,, RE
MAIN
| SHALE SERIES -
NORMAL PRESSURE HIGH PRESSURE
RESERVOIR RESERVOIR
(B) LARGE RESERVOIR SEALED UPDIP BY FAULTING |
DOWN AGAINST THICK SHALE SERIES, SEALED DOWN- A W,

DIP BY REGIONAL FACIES CHANGE

"MAIN SAND SERIES
WITH NORMAL

-SANDS WITH = - oz,
ABNORMAL PRESSURES

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

Fig. 2.4. Types of reservoir seals necessary to preserve abnormal
pressure. Source: P. A, Dickey, C. R. Shiram, and W. R. Paine, "Abnormal
{ressures in Deep Wells in Southwestern Louisiana, Seience, vol. 160,

.
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Salinities in south Louisiana and coastal regions of east Texas are more
uncertain. Whereas few salt-domesohave;intruded intoythe~geopressured,
shales 160 km:(100 miles) to either side of: Corpus:Christi, .Texas, they
are farzmoreﬁnumerousaeastcof;Houston;lﬁ7?1f:a~saltvdome,isAnearby, for-

mation waters: are-likely to -be more.saline,: :

Salt diapirs;-often-termed salt domes; are common features of the Gulf.
offMexicosbasid;:;Iheymare-believedatoioriginate in-the Louann-salt. .-
'formation,{a'SOOOrftethiékzeyaporiteuformationqof the Triassic-Jurassic
age.lﬁf:ThodghIsuchsstructures:are”not‘essentialato the development of.
geopressuréed-zones, ‘their ‘presence directly affects the nature of the -

high-pressured:strata.and interstitial fluids., . - .

. . A 7 [N S U o .
s DR imIes iy Ll o ST Lo LI

As a result of ‘density-differentials; salt domes: frequently exhibit .. .
diapiric movement —:the intrusion of a-plastic solid into _another solid.
According to Billings, average sediment densities range from 1.9 to 2.2
g/em® and to a depth of 600 m (2,000 £t).15 Beyond this point, density
increases steadily to 2.46 g/cm® at a depth of 6, 000 m (20,000 ft).

However, the density of salt remains relatively constant at 2 2 g/cm

TirTiige e

regardless of depth. Thus, below 600 m, an mnstable gravitational situ— -
ation exists where ailess—dense salt facies is overlain by heavier:'

: strat:; Facilitated by its ;lastic behavior at temperatures exceeding
300 C (540°F), the salt moves ;pward in the same manner as a light fluid

g ety e ECR

rises through a heavier fluid.
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‘Salt intrusions directly affect surrounding structure, temperature, and k,;
fluid composition.  An intruding salt dome will often induce radiating:
or normal faulting in the overlying beds thus creating traps within -
"reserVOir'rock.:iThe-sealed-offibeds'oftenﬂcontain large amounts of -

hydrocarbons and are. the object of ‘extensive petroleumeexploration.f o

In addition;, salt within the diapirs,may contaminate thé otherwise - .

freshened geopressured waters. ‘Lowest salinities .might be:expected in-

' areas ‘such ‘as the San Marcos Arch near Corpus Christi, Texas, where no

salt structures are apparent. -Temperatures may also be influenced. .-

' Salt-has a high thermal conductivity (17 x'10™3 cgs) compared with -that

of surrounding sediments (from 1 to 8 x 1073 cgs). Acting as-large -

heating rods, the diapirs range from 3 to 8 km in diameter and extend to

depths of 15 km or more.* Therefore, heat can:be conducted upward : . ﬂ.,
rapidly through the salt domes and into -the surrounding geopressured:. ;.

shale.

2.2 CLIMATOLOGY AND AIR QUALITY

The Texas-Louisiana Gulf Coast lies within a warmrtemperature, sub;
tropical zone, The mild climate of this area is predominantly due to |
the warm, moist air masses originating over the Gulf of Mexico, the ”
vCarribean Sea, and the southern North Atlantic Ocean. However, this -
mild condition periodically changes because of drier, continental air‘
from the north and west which brings both colder winter temperatures

and hotter temperatures during summer.
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Average annual temperatures, are moderate and decrease steadily northward
from 23.8°C (75°F) at the mouth of the Rio Grande River, to, 20.0-20.6°C -
(68-69°F) along southern Louisiana.l® January temperatures average from
13.9°C.(57°F) in Louisiana to 16.3°C (61.4°F), in Brownsville, Texas,'7»!8
Generally confined -to the several hoprs preceding sunrise, subfreezing .
tempe:aturéé}are¢x¢lative1yﬁxgre;andkpccugﬂan;§ygp§gg5g£iggqﬁdaysApg,;gss
per;year.%ﬁ,;ﬁummer;temperatpresﬁaloqg_theAcqg§;;pgak iquuly;pndnAngft.
,Extremes;pf~3212fc5190§E)ﬁor;snegte:xmayaocgu:;§r9mg§71§§y51yearbina;zr

. New Orleans to 86 days/year, in Lake, Charles and up, to 120 days/year in_

‘southern Texas.lg’ 18' v i onoeld
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The jcoastal margins ‘experience moderate to high relative humidity. . ..
Monthly relative means generally exceed 60% and ‘may.reach 80% .or more. -
during the wetter summer months. Annual precipitation is high and

1ncreases;éteadily;nérthwardvf¥9ﬁz50s@&?@aﬁgg'iﬂ')xﬁlQng the Rio Grande
to 147.3 gm}§58wiﬁc5g0n the Texas-Louisiana border and to 162.6.cm (64,
in.) ‘along parts jof southern Louisiana,'® The driest seasom occurs .. -
-during ;the fall -months, while torrential rains of 25,4-50.8 cm (10-20.
in,) ,often: develop in-late spring due to squall-line thunderstorms;7,
falls of 25.4 cm (10 in.) within a 24-hr period are no;,ungogpqn,}gﬁthh
Summer rains frequent the northern coastal margins almost daily and

-accumulate -an;average seasonal precipitation of .58.9 em (22.in,) .along.

southeast Loulsiana parishes.8. 4/ . . o iioong teegens T
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.-Long -periods:of:clear weather often occur throughout the year, and during

winter and early spring fair conditions dominate the area. The growing
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‘sédson Is generally long with'a mean annual sunshine ranging from - @'+
2 002,900 hrper year 16 o 4. oo o (L

ST EEr e b i o eeciee 1 St - TN IR S

“‘Showers ‘and thutidérstorns frequent the Gulf-Codst along ‘its western and
ndffﬁéfﬁ“%ﬁtgiﬁékh“OécdrfEncés:bfffﬁrbuient'weéther'rénge-from'70;80'*i

“‘daysfyeéar 'in' southérn Louldianal® ‘to 60 days/year in Texas.l? “Tropical

Jeees i

- ‘¢yclones ‘comnonly reach the ‘coastal ‘areas during a'seaSOn*théf extends
from‘June to ‘Séptember -and ‘Feach their ‘peak during August ‘and ‘September.
Tﬁéééjéfgfﬁé’bfigiﬁété*iﬂ’thé”Gulf;’Carribéan; or southérandrth?Atlantic
Ocean and average one tropical cyclone per year aldﬂg’éﬁééTéxas?Coaét;17
Those cyclones whose winds exceed 64 knots (74 mph) are known specifically

as hurricanés ‘and ‘average 40 storms/100 years or 40% of ‘all tropical:
Texas-Lodisiana storms.1®

Tornadoés also develop in this area and may'OCcur'dﬁring all times of !
the year; However; théy “are most frequent in & season ranging from
March “through May in Lﬁuisiana'and’April through June in Texas.l7s18
Mah§”5f7thésé'tbrnadoes result from major tropical cyclones off the 'Gulf
Cogéti“"rﬁil967, Hurricane Beulah was the cause of 115 tornadoes in ‘the

surrounding area.l?

Thé “air ‘quality of coastdl Louisidna and Texas is genérally -good ‘becaise
of the states' proximity to the Gulf. Néﬁ-ofleaﬁs;'BétOn'Roﬁgé;iaﬁd“f’
Houston are those populated areas where particulate and chemical concen-
Ltrations posethe greatest ‘problems. Tables 2.1°and 2.2 list-particulate

Pl E fa e e T a e el
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o Table 2.1. Estlmated annual concentration ranges of
Lo dnimen il fsuspended particulates (1961-1965) w0 wnicludinn Ll el

0 Becdnesnonodn modse o InMicrbgrams pericublimeter Tul ovsiic o L
‘\ . C'tY~ Y Total . Organic
o e “Partlculate 8T Particulate” T F E

“New Orleans, La. '~ == 932905 23k vgigngg T
. Baton Rouge, La., .~ 106-135 82-98 ; )
“Lake Charles/La. =~ 0F -y7i@2 0T GatLB qlerfesdl v o

. Houston, Tex. .. .93-105 ... .6.7-81 o )

“1 Galveston, Tex. * - 217 76 6rless TS LB or1egs T (0 T
Corpus Christi, Tex. . _717-92 5.1 or less

Harlington; Tex. =% %7 1 77-92:7 7 «bI8q orless-

TS R
TSRS

i2+ 2 "gource:” Department “of “the ' nteriof, Gedlogical Sufvey,> i #l i
The National Atlas, Washington, D.C., 1970, p. 115.
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b Table 2.2 Estimated annual emissions and concentrations '~~~ T e
o sulfur dioxide (SO,) (1961-1965)
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'New Orleans, La. 364317717 10-50 : 12—22
. Baton:Rouge;La:1:::35,434—70,867: % ©75:1100=200. = it el

Houston, Tex. 17,717-35,000 50-100 1 or Iess )
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and sulfur dioxide concentrations for major cities from New Orleans to

Harlingen, Texas.

Because the Gulf of Mexico is a warm body of water, it contributes to
the air turbulencetzuerﬁthe Gulf.; This creates a horizontal diurnal
wind pattern during the fallAand winter months characterized by daytime
sea breezes anddnighttime landlhreezes. In contrast, verticfl patterns
of air movement“dereloo“duringtlate;spring and;summer,*:ﬁoth patterns
aid in the mixinédotuiarge volumestof air and'thereforelfavor a very low
air—pollution potential (Fig. 2 5, Table 2.3). HoWever,fthe frequent
occurrence of light winds (7 mph or less) and periodic temperature in-

versions may contributeLtOgsome pollutionvprohlems, particularly at

night .17

2.3 HYDROLOGY

Surface and groundwater flow patterns along the Texas-Louisiana coast
are generally toward the Gulfxot Mexico. Major surface channels include
the MisSissippi;and Calcasieu rivers in Louisiana and the Rio Grande,
Nueces, San Antonio, Guadalupe, Colorado, Brazos, Trinity, and Sabine
rivers in Texas.‘ Along many “of ‘these rivers, discharge is controlled by
dams; Table 2 4 1ists the major reservoirs within the Texas coastal
margin and their storage capacities. Surface- flows peak during January
in Louisiana, during March along the northern Texas coast, and during

May in southern Texas. Lowest flows occur during late summer-and fall.

Surface temperatures are greatest during July and August and generally
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Fig. 2.5. Isopleths of total number of forecast-days of high meteorological potential for air
pollution in a five-year period.. Data are based on forecasts issued since the program began (August 1,
1960 and October 1, 1963 for, eastern and western parts of the United States, respectively) through
April 3, 1970. Source: G. C. Holzworth, Mixing Heights, Wind Speeds, and Potential for Urban Air

_PbZZutzon Throughout the Contiguous Unzted States, Environmental Protection Agency, U.S. Government
Printing Office, Washington, D.C., 1972.
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- P Table 2.3. Air dispersion characteristics for geopressure region

" Annual mean morning mixing height - - T . i500-9200 ft

-~ Annual mean afternoon mixing height - ’ LT I 12001500 ft

= Minimum seasonal mixing height — mormng, \nnnter R . 400--500 ft
Annual mean afternoon wind speed s Lo 71-8mifsec ,
Minimum seasonal mean ‘wind speed — autumn mornmg : . B5—6mfsec
Direction of dommant air flow (from source) R A NNW (onshore) :

Sources: G. C. Holzworth Mixing Heights, Wind Speeds, and Potentlal for Urban Air
" Pollution Throughout the Contiguous United States, "Environmental Protection Agency,
< 'U.S. Government Pruntmg Offlce ~Washington, DC 1972; National Oceanic . and
Atmospheric Admrmstratlon Climates of the States: “Vol. "— Western States Water

_ Information Center Inc Port Washmgton NY 1974. '

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

. ) Con's'eervation storage Storage as percent of
River basin Name of lake ' capacity . storage capacity
: or reservoir - 33
(10° m°) (acre-feet) 5/76 1/76 5/75 1/75

i Necﬁes River B. A. Steinhagen Lalge 11,615 94,200 77 63 - 3] 84

Nueces River Lake Corpus Christi 33,279 . . . 269,900 100 94 100 99

" Sabine River Toledo Bend Reservolr 5,615,086 4,472,800 100 90 100 - 97

San Jacinto River  Lake Conroe . 53007 - 429900 100 100 100 . 99

B : Lake Houston 17,324 : 140,500 100 100 100 . 100

 Trinity River Lake Livingston 216776  1,750000 100 .. 100 . .~100 " 100
" Source: Staff, “Texas Water Conditions,”” Water for Texas, February and June 1976. - . ; .
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fall between 26.7 and 29.4°C (80° and 85°F). Annual water evaporation
from streams, reservoirs, and lakes range from 168 cm (66 in.) in
southern Texas to 122 cm (48 in.):inlhouisiana;' Inland surface‘water
salinities vary according to location and exceed 350 ppm. near the’Texas
coast. Concentrations are generally less in Louisiana (120-350 ppm) and
may £all below 120 ppm in some areas.19 Available water;qualitvidata

for selected surface waters are summarized in Table 2.5.

Along much of the coastline, estuaries occur where fresh inland waters:
mix with the waters of the Gulf of Mexico. Estuarine waters are brackish
and generally display salinities near 12,000 or 15,000 ppm. However,
salinities are seasonal and may vary greatly because of seasonal changes
in tides, rainfall, river discharge, and evaporation rates.\ Concentra-

tions may fluctuate from 100 ppm (freshwater) to 33 000 or 35 000 ppm |
(seawater), and are generally highest in the fall and lowest during peak
river discharges. Water temperatures are also seasonal and generally
follow air temperatures. Dissolved oxygen fluctuates throughout the
year and is highest during conditions of low water temperature and

salinity.' Turbidities may vary with river discharge and wind speed 20

ﬁ;&él} alljgroundwater sources?offthékTexas&Louisiana coast‘are held in
unconsolidated or semiconsolidated aquifers.19 These water—bearing
formations act as conduits for water transmission and as reservoirs for
storage 21, The major aquifers are predominantly shales and/or sands and
include the Gulf Coast aquifer along most of the coastal area and the

Ogallala aquifer along the Brazos River basin.?2 Further illustration




Table 2.5. Water quality data for selected surface-water systems of coastal Texas and Louisiana

' ) Mesri Mesn Di sdharge - s Average concentrations in mg/liter, water year‘;‘ September 1967 to October 1968

) River . - - " N . " : :
{water quality station) (D 's;,e;'s",m: (::;"lg;, pH® D;zonl‘v:t::g:‘n.is Silica  Bicarbonate  Nitrate  Sulfate . Chloride Fluoride-: Sodium  Calcium

‘ m stituents)® {8i0,)¢ (HCO,)¢ (NO3FF  (SO,)° n° L AFF {Na)® 'y(Ca)“'
Brazos 208 201786 7.8 352 - 80 161 19 s 78 o " s 8l
(Richmond, Tex.}) : : i -
Calcasieu 7° 1.4-94 6.7 82 - 14.6 53 0.7 88 5.4 0.1 .Y 74
{Oberlin, La.} . .

{Mean discharge:

Kinder, La.) . S
Colorado -1 18-1200.0 79 253 8.8 178 15 .30 37? . 24
{Wharton, Tex.) : ‘ < : _ ) .

Guadalupe 45° 27-560 79 300 1 222 ' 2.9 30 39 - 28
{Victoria, Tex.) . : ) .

Mississippi 17,700°  4726-21848 73 -227 45 13 22 81 2 03 o 2r
{Luling Ferry, La.) : .

{Mean Discharge:

Tarbet Ferry) . .
Navidad 142 0.8—-600 7.7 272 18 182 0;7 15 49 ‘ 35 55
(Ganado, Tex.) : s ,
Neches n 13475 8.9 103 8.9 36 0.5 15 26 0.2 20 10
(Evadale, Tex.) :

Nueces b7 2.6—300 75 T 232 13 153 04 29 3t . 03 . 28 47
(Mathis, Tex.) ‘

Rio Grande 123° : 7.9 152 ‘ 180 113 2 78
(Rio Grande City, Tex. ) ' : -
{Mean discharge:

Laredo, Tex.)

Sabine : C232b 8.3-501 6.7 75 12 2% - 0.5 82 18 0.1 14 ' 69
(Ruliff, Tex.} B

San Antonio 16" 11-399 8.2 619 19 2712 - 98 109 123 ' 87 105
{Gotiad, Tex.) ] ; . : N v ‘

San Jacinto (W) ' 14 | 6.8-275 7.6 186 8 ] 06 5.2 a7 ‘ 24 '35
{Conroe, Tex.) e . ) :

Trinity - ‘ 203* 441319 7.7 245 8.2 13 37 40 37 B 36 47

{Romayor, Tex.)

(A4

?Geological Survey Water- Supply Papers 2120, 2122, and 2123, Surface Water Supply of the United Stam 1966—1970, Part F vol. 2, and Par! 8, vol. 1 and 2, U.S. Government
Printing Office, Washington, D.C., 1975.

b¢_van der Leeden, Water Resources of the World: Selected Statistics, Water Information Center, inc., Port Washington, N.Y. 1975

"Geologtcal Survey Water-Supply Papers 2096 and 2097, Quality of Surface Waters of the United States, 1968, Parts 7 and 8, U S. Government Printing Office, Washmgton D. C 1973.
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of coastal groundwater sources is given in Fig. 2.6. In Texas, ground?
water use comprises 34% of the state's total water use, while in
Louisiana it comprises only 17%. Saline aquifers are apparent along

most of coastal Texas and in parts of southern Louisiana. Average water

temperatures range from 21.1°C (70°F) to 23.7°C (75°F) .19

-

2.4 ECOLOGY .. - .
24.1 I_e_rrs:s_t&al_

This section describes the natural biological features of the onshore

1 .

geopressured zones. In many areas, the features described are no longer
evident because of agricultural, industrial, urban, or recreational
development. Land uses are described in Sect. 2 6.

'The vegetation of coastal Louisiana and Texas occupies four distinct
habitat types. barrier islands, tidal marshlands, river bottoms, and
uplands. Long, narrow barrier islands line the gulf coast of Texas.
These islands range from 1 to 15 miles in width and have foredunes which
may reach a height of over 35 ft. The dunes are stabilized by the beach

morning glory (Ipormoea) and sea oats (Unmola) Behind the dunes,

i

relatively fresh water may accumulate and support rushes (Juncus) and
various herbaceous species. Other grasses including Andropogon and
Péh%c;m may occur in sheltered areas. These barrier islands provide
protection for the sea grass beds (Thalassia) 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 SO GALLONS PER MINUTE (3% LITERS PER
SECOND) OF FRESH WATER (GENERALLY LESS THAN 1000 PARTS
PER MILLION OF DISSOLVED SOLIDS, BUT UP TO 2000 OR
MORE N PARTS OF THE WEST).

"UNCONSOLIDATED AQUIFERS

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

[Z=52] SAND AND GRAVEL: INTERMONTANE VALLEYS ;
ABANDONED OR BURIED ALLUVIAL VALLEYS; ALLUVIAL
TERRACES; SAND DUNES; COASTAL PLAINS AND .
GREAT PLAINS; GLACIAL OUTWASH AND ICE-CONTACT
DEPOSITS OF GLACIATED REGIONS A

Fig. 2.6.' Productive aquifers of the Texas-Louis:Lana coastal
regions. Source: J. J. Geraghty, D. W. Miller, F. Van der Leeden, and.
. F. L. Troise, Water Atlas of the United Statea, Water Information Center,
‘Inc., Port Washington, N. Y., 1973. :

[i

92—t
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Tidal marshes line most of the coast of Louisiana and Texas. These
-marshes are dominated by salt-tolerant grasses;,Jgordg;ass (Spqrtina
alterniflora and S. patens) and. needlerush (Juncus).. These highly pro-
duggive,ma;shes,sgpgo:t;a,la;gg;hupberfgftregidepg,and migratory birds.
They also. supply large amounts of detritus to estuarine waters, thereby
...serving as a ggjqrieneggy€squrce_fqr theseﬁma;}ne;nurse:y,g;ounds. In
squthernz?exas,whigh,:em?g:ggures‘aqd low precipitation result in hyper-
j~salzl.ne‘ccpndj.’t:lon‘vs:,;wh:L;:hblj.m:‘l._t;t:l‘ze,exvtem:_:‘mgl_;_pl:'},od}u:’.,t::i,v);‘l..t:y of salt marshes.
Where fregh‘wgper,ig;gudes,into,ga};,ma;sheg,'rqshgg_gnq salt grass .
 (Distichlis) replace the cordgrasses, At the upper edge of salt marshes,
freshwater ma;éhes,rhype;sa;%ne salt flats, salt spray forests of oak,
juniper and holly, or a direct transition to the dominant inland vegeta-

tion may be found. . -

The inland vegetation of extreme southern Texas is predominately savanna.
The dominant.species are blackbrush acacia (Acacia), mesquite (Prosopis),
live oak (Quercus), seacoast bluestem.(4dndropogon), plains bristle grass

(Setaria), and, in some areas, cacti (Opwntia).

Along most of the coast of Texas and western Loulsiana, a strip of .
. is dominated by bluestem, coastal sacahulsta (Spartina spartinae), and
_.buffalo grass (Buchloe). . This tall-grass prairie occupies highly fertile

soil which has been almost entirely comverted to agricultural use. ..
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Evergreen, hardwood, and mixed upland forests are found inland of the |
coastal prairie in Louisiana and eastern Texas and in'a few areas extend
down to the coastal marshes. The composition of these forests is quite
variable because of the wide range of climatic and geologic conditions |
ﬁfeéent.’:Thé'doﬁinaht‘genefa’aféiééks:(QuércuS),°pines’(Pinus),'and"~
hickory (Carya). A highly diverse mixed mesophytic forest which includes
oak, hickory, and‘pinéiplus’beech (Fagus spp.), sweet gum (Liquidambar
"étyrdcifiua); southern m&énblia (thnolia) and many other species occurs
in the moister upland areas. The extensive floodplains of the

" Mississippi, Sabine, Neches and Trinity rivers are occupied by floodpiain
forest. The Cbﬁposition:bf this forest type depends largely on‘the fre-
qﬁéncy énd duration of flooding.‘ Areas which are :egularly flooded
support nearly pure stands of bald cyprus (Taxodiwm). Commonly asso-
ciated frees are tupelo (Nyssa), red maple (Acer), red bay (Persea),

and several species of oak. Less swampy floodplains contain cottonwood
(Populus) and willow (S&Zix)."Mbst of the forests remaining in this
'région have been subjected to cutting, and many are now intensively

managed.

Birds are the most conspicuous members of the coastal and riverine wet-
land fauna. ' The barrier islands provide nesting sites for colonies of
gulls;'terﬁs, skimmers, and brown pelicans. Coastal and riverine marshes
'éfé'inhabiied by a wide variety of wa&ing birds including herons, egrets,
rails, ibises, and spoonbill., Most North American waterfowl as well as

" many plovers, wading birds, and sea birds winter in the bays and wetlands
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of ‘this reglon. ' The whooping crane, an important but rare winter resi-

" dent of the salt marshes, winters on the Texas coast at Aransas. Birds

which migrate across the Gulf of Mexico utilize the coastai regiohifbi:
resting and feeding in both the spring and fall. Major wetland

mammalian species include muskrat, nutria, otter, opossuﬁ}itécc;on; o
skunk, and numerous small rodents. . The red wolf, which once occupled
most of the southern United States, is now largely confined to wetlands

in southern Louisiana and extreme southeastern Texas.

WA TE T gt D

. The mammalian fauna of the coastal prairie, which once included large
+herds of bison and pronghorned: antelope, is now dominated by smaller
animals:, coyote, black-tailed jackrabbit, spotted skunk, and rodents.
The remaining uncultivated prairie supplies habitat fér_the endangered
Attwater's greater prairie chicken. Wintering waterfovl feed in the
fields and freshwater marshes. . .

XTI N TR LT,

Upland forests support white-tailed deer, squirrels, gray fox, rodents,
and a2, large nuuber of specles of passerine birds. .The vertebrate fauna
.48 not generally as large ox diverse as in other natural yegetations. .

s S g g P FET ey T ] Sier Bt T o ¥ o =
RS S S RTINSO S B LN ST P Dilarie SR RlnIliIa G w

The.savannas of southern: Texas support a mixture of species from the

trepical and temperate xeglons of North America, Dominant mammals in-
clude white-tailed deer, javelina, coyote, nine-banded armadillo, black-
tatled jackrabbit, gray fox, ground squirrels and numerous small rodents.

Characteristic birds include the caracara, roadrunner, scaled quail, and
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:gp;dgn,fpogteq woodpecker. Many speqies‘qf‘animals which_age common ;n
Mexico are found irregularly or as small permanent populations in southern

Texas. .

2.4.2 Aquatic

The Gulf ‘of Mexico is the second most’ productive fishing ground in'‘the
world 1in terms of both value and weight produced.23 " The'important com~
mercial organisms include menhaden, red snapper, black mullet, spotted
sea trouf, groupers, drums, croakers, pompano, and shrimp (Penaeus).
Ninéiy;éeVen*pé}éeﬁtfdf‘the commercial catch is dependent ‘on the coastal
zone at some stage of its life history.2* The importance of the coastal
zone results from the input of mineral nutrients and detritus from the
rivers and coastal marshes and the high productivity of sea grasses.

Sea grass beds (Thalassia and Zostera) stabilize the bottoms of shallow
bays, provide shelter for larval fish and other organisms, and provide

food for migratory waterfowl.

‘Because of the flat topography of this region, saltwater and saltwater
fiSh'éktend inland in some places nearly as far as the mapped geopressured
resources. Large areas of freshwater habitat do occur in this area in-
cluding rivers (e.g., Mississippi, Sabine, Atchafalaya, Brazos, Neches,
and Colorado), bayous, marshes, irrigation canals, and Streams.:”fﬁéSe
support a diverse warmvater fishery including largemouth and spotted '
black bass, white bass, black and white crappie, carp, paddleéfish, and
f“Sevéfal species of sunfish), carpsucker, buffalo, gar, catfish, and =

sucker. The smaller "forage'" fish are both numerous and highly diverse.
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2.4.3 Endangered specie3‘~nfrufjv“ EAL L

Fourteen species of*endangered aninals nhich are»foundiin the Gulf of
Mexico geopressured region are listed in Table 2 6. The American
alligator has been reduced to the status of a threatened species in the
following Louisiana parishes.: Cameron, Vermilion, and Calcasieu. The
U.S. Fish and Wildlife Service is currently considering the same reduc-
tion in status for alligators, in much of the rest of ‘their range. The
most recent list of endangered animals deletes the tule white-fronted
goose (Anser albiforns gambeZZz) and adds the Mexican duck (Anus diazt)
and a subspecies of grey wolf (CunzsLlupuskmonstrabzlzs) which may be

found in South Texas.2%

There is currently no national list ofithreatenedforfendangered plants.
A listvof plants underfcousideration,ﬁor%these‘designetions has been
published by the Department of the ;DF;;}6FE2§ifiﬁiﬁfiiSt includes 95
possible endangered speciesiand:135'possihle‘threatened species for the.
State of Texas, as well. as one possible endangered species and eight
possible threatened species for the State of Louisiana. The occurrence

of these species will be’ determined ona site—specific basis for

individual geothermal projects.lfsfilhg1!ﬁfftfflﬁfﬁ-;f

2.5 WATER USE

A strong gradient in water availability occurs across the geopressured
region; there is a 1arge water Surplus in the Mississippi Valley and a

large water deficiency“in southern Texas. The;boundary.between water




[

7o wno o Bureau of Sport Fisheries and Wildlife, U.S. Department of the Interior, - .
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Table 2.6, Threatened wildlife whose range is expected to oxtend
within the Guif of Mexico geopressurod region

Rare and endangered species — species regarded as threatened with extinc-

requires assistance.

American alligator {Alligator mmsstptensts)
Red wolf (Canis rufus)
Brown pelican (Pelecanus occidentalis carolinensis)
[ Esktmo curlew (Numemus borsalis) -
" Tule white-fronted goose (Anser a/blfoms pambelll')
Bald eagle (Haliaeetus 1. leucocephalus)
xr ¥r.ly American peregrine falcon (Falca peregrinus énatum) ... .~ -
Arctic peregrine falcon (Falco peregrinus tundrius)
Attwater’s greater prairie chicken (Tymp hus cupido attwateri)
! Whooping crane {Grus americana) * -+ < - - - R
Mississippi sandhill crane (Grus canadensis pulla)
,Red-cackaded woodpecker {Dendrocopos borealis) .
" ory'billed woodpecker (Campephilus p. principalis) =~ ~
Bachman's warbler { Vermivora bachmanii)

T3 Lil gratis peripheral — species at the edge of their natural range and
threatened with extinction within the United States.
‘Chihuahua shiner {Notropis chichuahua)
Rio Grande darter (Etheostoma grahami)
) Jdaguar (Felis onca veraecrucis) .
ST U gaguarundi {Felis yagouaroundi cacomith) E o
Ocelot (Felis pardalis albescens)
Margay (Felis wiedii cooperi}
Northeastern least grebe {(Podiceps dominicus brachypterus)
Sennett’s white-tailed hawk (Buteo albicaudatus hypospodius)
Northern gray hawk (Buteo nitidus maximus)
Northern black hawk (Buteogallus a. anthracinus)
Northern chachalaca (Ortalis vetula mccalli)
Northern jacana {Jacana s. spinosa) !
Reddish egret (Dichr r. rufescens)
Roseate spoonbill (Ajaia aja) )
Northern black-bellied tree duck {Dendrocygna autumnal/s fulgens)
Masked duck {Oxyura dominica)

- Northern red-billed pigeon (Columba f. ﬂawrostm)

Northern white-fronted dove (Leptotila verreauxi angellca)
Northern groove-billed ani (Crotophaga s. sulcirostris)

. Frruginous owl (Glsucidium bresitisnum) . -
Northern buff-bellied hummingbird (Amazilia yucatanensis chalconom)
Northeastern elegant trogon {Trogan elegans ambiguus)
Northeastern green kingfishes (Chloroceryle americana sextentrionalis)
Northeastern rose-throated becard (Platypsaris aglaiae gravis)
Northern beardless flycatcher (Camptostoma i. imberbe)

Northern green jay (Cy ax yncas lu )

Northern olive-backed warbler (Parula pitiayumi nigrilora)

Alta Mira Luehtenstem s oriole {Icterus gularis tamaulipensis)
Audubon’s black-headed oriole (/cterus graduacauda audubonii)
Northern white-collared seedeater (Sporophila torqueola sharpei)
Northern olive sparrow (Arremonops r. rufivirgata) ]
Northeastern Botteri’s sparrow (Aimophila botterii texana)

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

Guadalupe bass

Louisiana vole (Microtus ludovicianus)

Wood ibis (Mycteria americana)

Osprey (Pandion haliaetus carolinensis)

Mountain plover (Eupoda montana)

Northern ‘long-billed curlew (Numenius americanus parvus)
Eastern pigeon hawk (Falco c. columbarius)

" ‘Source: Office of Endangered Species and International Activities,
Threatened Wildlife of the United States, Resource Publication 114,

Washington, D.C., 1973.

.15 - :tion because of habitat destruction, disease, or predation, whose survival : .-
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surplus and:.deficit occurs at approximately, the center of the Gulf Coast
of Texas near Matagorda Bay:d9 , .ire.. o =
GOeL L o 2o oo b pelneripd Frooh B poliouadnonn ool
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 coﬁcernedeith;drainage‘or-flood control :
rather than increasing the supply. Thus, there have been relatively
few legal conflicts over water supply and little need fof&gﬁp;géfiaiiVé
rightsw(rights;from;use)),aln 1970,:0nly:17% of i total water withdrawals:

.were from:groundwater. 19.;- pnLOTL @n® Anvides han o giolonr g counnior

R s, b ) -y O T PR T S 1. Ler e Lo S
wodin BT Wl bRl LRTHIaTIUEE VTR H PR ERPE N PRSI A S PSR N S R Y

The aridity ofimuchiof.Texas has;led-to;the~extensive%meéulatioq’of;av;
water resources by the:construction: of:dams and:canals;. While Texas has
traditionally recognized both riparian and appropriative righté,=increased
water regulation and distribution has led to increasing predominance of
appropriativetmigh;s;iuMbstgpf{theffeservoi:sxare:inland;of;thefgeoﬁz~ﬁf
pressured-zone.:. While they have decreased the:total-water- flow. through.
theacpastalgregion,ﬁxhe;geséryoitsgﬁave;made;thevcoastal;flow,more G o
reliablesfnSyrfacezwater;ﬁse;iézbecoming>moreiimpo:tagtxrglative;to by
groundwater use:inrcoastalvméxas,és;it;has;inﬂthezrgstapfatheestate»:ufg
(groundwater pumpage expressed as a percentage of tétal water use de-
clined,fromv58'£d;34%»beﬁween:l960,and 1970)19527. Because groundwater:
pumpage has:resultedzihalandssurfacé?subsidence\andLsalinerwater;intruef
sion, the.Texas WateriDevelopment Board has recently. reduced their . .. -
estimate:of wgter'gvailability»in the.Gulf Cﬁast~aqu1ferwfrom;2,361,000:

to. 15143,400 acre=ft/year.?8 ' Although water is.subject to heavy .- .-




2-32

municipal and industrial use, the greatest use h;s:been‘forragricultural ' g;j
irrigation. The shortage of low-salinity water in this region has -

already led to the construction of desalinization plants of over 1,000

.gal7day'capahity atiTexas City and Freeport, Texas.

2.6 LAND USE' AND REGIONAL DEMOGRAPHY =

2.6.1 .Land use

Principal‘land'uses;in'the Texas-Louisiana geopressured:region are . '
agriéulture, petroleum and natural gas production, and, in coastal areas,
relatively unused marshland. Primary agricultural uses are rice and
truck farming. 'Cotton is the major crop in the southern: Texas area.
Pasture, range, and hay fields are important for beef production in -

-many- counties. ... R . = , . : \i,

Much of theé geopressured region has seen large-scale petroleum and
natural gas field development. Drilling rigs have been a common part -
of the landscape in many areas for the last 70 years. ' Abandoned fields
with derricks and pumps.still present are not uncommon. A great deal of

production is still going on and will continue for sometime. -

Table ‘2.7 shows land use acreages by principal land use categories for
representative counties (parishes) in the geopressure regions of < -
Louisiana and Texas. Only a small percentage of the land in these - -
counties is federally owned. The only large Federally owned parcéls7are

national wildlife'refuges along the coast (Aransas, Sabine, Lacassine, "



Tuble 2 7 Land use summary | for rcpresentatwe counties

2233

pepl Dk

Conserva'tlon needs mventory based on 1967 data - acreage per county

i s, /(Computer printout) < o T
County Federal ;;:;c::;: Arban 5::: c&?:; 4 Orchard .. Pasture ;. Range , : -Forest: -Other. : - Total
SIoTSUnY Lt Dwnt cclouistana o T s e T T
Ascension 0 0 10650 32,015 9,192 0 43,468 0 92992 1,513 192,000
Cameron 128241 .16 8993 ,.3390 .99,734 _ . 50 :.39,781 , 250000, . 1,560 . 286,061 849,211
lberia " - 5526 1 11,248 61 089" ""26,158 C077 19,004 0 0 123,396 118,953 377,654
Iberville 395 0 8575 32948 22,813 1,160 45174 0 277,973 5,104 401,920
Lafourche 0 o 10,668 68,223 16,619 5.0 "22,741:-: 24,827 150875 431,632 739,785
St. Charles 0 0 7,000 12,480 891 0 2475 0 81,714 78,742 193,302
St. James 0 0 3803 89,194 987 0 4,297 0 85500 4,739 159,360
St. Martin 0 0 - 4827 53420 30,228 200 26,059 0 348,163 12,680 483,304
Terrebonne 17 0 12,717 43,869 4,539 0 15,010 26,227 122,300 605,265 890,240
Vermilion #2207 5r000 018,236 118,599 277,881 .0 250,004 ¢ 270,637 -:+30,051:.-298,007 .. 783,360
Texas

Aransas | 468427 727 ° 5503 - 4,957 783 Lt 0 'Tieg7 U 73,737 7 ‘9584 31,206 0 173,184
Bee 1,809 0 22,287 104,785 9,740 0 3194 359,926 5,064 2,728 538,880
Brazoria 0 0 81,000 39,000 228,003 803 228,371 :::,148,719 .-176,281 ..~ 8,032. . 910,784
Calhoun 18,624 5 8066 50,819 43,748 0 12,222 167,004 0 30,688 337,216
Duval 0 0 8865 69,356 0 0 25,130 1,047,796 0 9,192 1,160,414
Goliad 0 0 4809 41,268 23,742 4} 13,282 264,985 195,083 13,281 557,440
Hardin 0 0 18,874 416 8,317 0 30,669 0 501,600 13,724 573,800
Hidalgo 1,884 : 10 64457 402,201 ,.48,168 ;63,784 34674 . 345560. " 0 ; 26900: - 987,328
Kenedy 0 0 3,228 1,810 1 500 0 9,517 737,318 0o’ 138 609 892,032
Kleberg 4,161 1 8,048 48,139 2,788 [+} 15,632 430,582 0 34,251 544,676
Matagorda 0 0 16,761 35,033 250,366 0 140,355 187,278~ 96,841 14,079 740,736
Nueces. 'z 4,639 .- -.17: 77,038+, 313,670 :-.:27,399 - 7 - 70" £ r 27,019} '+ 49,850 -~ o, 0 41,478 ' 540,992
Zapata 19,352 3 4,287 6,475 9,001 0 3519 610,835 0 2,168 655,872

Source: ‘U.S. Departmeént of ‘“Ag?icult’dfr‘e,v Soil Conservation Service, Texas and Louisiana Soil ‘snd Water Conservation Needs

e

Inventory, 1969,

Tl
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and Delta) and national forests inland (Sam Houston, Davy Crockett,

Angelina, Sabine, and Fort Polk).

2.6.2 Demography

Population distribution“throughoutAthe geopressu:egrégion ranges from
very sparse to dense.b-Fiéure 2;7<sh6w§kﬁrﬁan and}rural population dis-
tribution in Louisiana and Texas. - Several large urban areas are
apéarenﬁ; Thé Hous;on arearis,one~offthe fastest growing urbaﬁ areas
1ﬁ;tﬁe ﬁnitedlsﬁ;:eé; wher;;sffhé'cityrbf_New Orleans’dedlineé'in popu-

lation between the 1960 and 1970 censuses.

Table 2.8 gives population densities for representative counties
(parishes) within the geopressure région and lists all cities with popu-

lation greater than 20,000.

2.7 REGIONAL HISTORIC, SCENIC, CULTURAL AND NATURAL FEATURES

The National AtZaszg-pfovides historical aﬁd»cultural information about
the United States. Prehistoric sites and cultural complexes are also
described. Cumulative revisions of the National Register of Histofic |
Places are given in the Federal Register.30 Historic sites are of parti-
cular signific#nce to this assessment because of the colorful past of
Louisiana and Texas. Figure 2.8 shows historical and cultural sites and
natural landmarks in the geopressure region of Texés and Louisiana.
Scenic and natural features are given in the National Registry of

Natural Landmarks, which appears in the Federal Register.3!
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Fig. 2.,7. Population distribution in Louisiana'and Texas, Source:
U.S. Department of the Interior, Geological Survey, The National AtEs
of the United States, Washington, D.C., 1970.
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Table 2.8. Population densities for representative counties (parishes)
within the geopressure zone .

Represen-tative Population der.asity Places of 20,000 or more.
counties (people/sq mile) in geopressuire region
{parishes) of county (parish) o

. Louisiana ,

Ascension 123 Lake Charles 78,000

Cameron Y - - Lafayette 69,000

Iberia L 197 " ."New Iberia 30,000

Iberville - 49 Baton Rouge 166,000 -

Lafourche 60 -~ New Orleans - 593,000

St. Charles ' 100 '

St. James - . 277

St. Martin = -~ 44

Terrebonne - -~ 56

Vermilion - 36. -

) ) ’ Texas
Aransas 32 Brownsville '63,000
‘Bee 27 ~ Corpus Christi  « 205,000

Brazoria : 76 Kingsville 29,000

Calhoun _ 7 34 Vietoria : 41,000

Duval R 6 © Houston 1,232,000

- Goliad 6 . Galveston 62,000

Hardin 33 Pasadena’ 89,000

Hidalgo , 118 . Beaumont 118,000

Kenedy 0.5 Port Arthur 57,000

Kleberg - 39

Matagorda 24

Nueces 282

Zapata | 5

...Source:. D'epartment of the Interior, Geological Survey, The National Atlas
of the United States, Washington, D.C., 1970.
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3. DESCRIPTION OF GEOPRESSURE RESOURCE DEVELOPMENT AND UTILIZATION

Although abnormally pressured-fluidsvsre present in several parts of the
United,States,fERDAkhas.chosen;the Louisiana and Texas coastal areas to.
prove the technology: for the .development of .the geopressured resource.
Theremphasis of‘ERDA—supported;programs:willAbe<directed,to;onshore geo-
pressure aquifers, but -the ‘technology developed can be used by the
geopressured industry. for offshore as:well as onshore .applications.
Deriving energy from geopressured resources involves resouce development
and ‘resource :utilization. .Resource development includes all activities
associated with the :location and characterization of the geopressured .
resource. ResOurce;utilization’involves:construction_endAoperationiof,
systems designed:thconvert-geothermel_energy;tO;a.suitable,form‘and to
distribute théaenergy%to»end users. - Activities discussed in the follow-
ing sections’ are generally.applicable to :test facilities, pilot plants,
demonstration plants, ‘and.commercial -plants. ' . -

3.1 - RESOURCE DEVELOPMENT : ~:: - .:;;n [nct IS Toropinioeceyooceooan gl

Resource development includes resource exploration and assessment,vwell
drilling, well testing, and field development. The objectives of these
activities is to identify the geopressured reservoirs, to determine the‘

extent and head centers of the reservoir, and to determine the chemical

and thermodynamic properties of the fluid o
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3.1.1 Exploration

The Texas and Louisiana coast has been extensively drilled for oil and '
gas which has provided much detailed information on the geological and -
geophysical characteristics of the area. - Detailed analysis of existing -
data will indicate the nature and distribution of the Gulf:coast onshore
geopressured aquifers ‘and will reduce ‘the need for exploration activi-

ties involving geochemical and geophysical techniques.

In a geopressured aquifer the subsurface :fluid pressure significantly

. exceeds that of normal'hydrOStatic pressure. vRegional studies, well-
log ‘data, correlation of well logs, and determination of fairways are :
steps involved in assessing the resource. Reéional studies locate broad
areas where geopressured zones may exist by the analysis of electric
logs and geologic cross sections from the deepest wells drilled in the
region. Acquisition of well logs from wells spaced five to ten miles. .
apart provides a basis for the correlation of formation cross sections
and for the construction of geological and isothermal maps. Electric
1ogs from closely spaced wells coupled with micropaleontological studies
provide the basic correlation grid necessary for locating geopressured |
reservoirs. In addition, well logs providing details on the drilling
mud weight, the location of the intermediate casing point, the density H
and resistivity of shale, and bottomrhole temperatures are used to indi-
cate geopressured zones. The top of the geopressured zone can be cal-

culated from well-log data, and geothermal fairways can be identified.
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The above activities are not onsite activities when existing well logs

are used.

3.1.2° Tést'drillingjéhdwpfbduééiohAﬁégfiﬁgi o

The completion ;technology,for .geopressured wells has not been well .
defined, : Ihe;geopressurediwell,must;bqwcomple;éd,;o deliver the high-
volume rates needed for economic power plant generation at a velocity
low enough toravoidzexéessive“abrasive:actionfof sand .grains in the
production stream. In general, it has been assumed that the drilling

requirements will be similar to those for hydrothermal well drilling.

Drilling wells -that 'penetrate the :geopressured :zone is more difficult
than:drilling wells to the same /depth in normally—pressuréd formations.
The placement of the intermediate -casing is critical, and high pressures
and temperatures require extra care and expense in maintaining the.
drilling ‘mud system.: Completion equipment, logging instrumentation,
and other!dOWn—hdlé»tdols’mayfrequire.specialrattention due to increased
temperatures :and. pressures. - The drilling and testing of geopressured
geothermal wells will provide- the -experience ‘necessary to determine
optimal designs. Test drilling includes site preparation, drilling
operatiore;, well testing, and well abandonment..

Phaa




3.1.2.1 Sité selection and preparation

In determining the specific site for a geopressured geothermalrwéll,

all available offset wells are studied to determine the geglogic section
to be drilled and the characéé;istics of fhe fdéﬁations ié Berééneéréﬁed.
If necessary,;éubsurfate'features can be further identifiéd'by:seismic~
studies.’ Other factors that influence site selection include leéal
bouﬁdaries, the potential for environmental -impacts, and accessibility,

that ‘is, the amount of road and site preparation required.

Road construction, drill-pad construction, reserve poﬁd~construction;
and construction of a disposal system for large quantities of geothermal
fluid are the major surface activities involved in drill-site prepara-
tion; ‘Roads will be semipermanent and designed to function year-round,
to withstand a constant traffic burden, and to carry heavy drilling
equipment. New road cuts will be required where existing roads and
trails cannot be upgraded. In hilly terrain, cut-and-fill construction
may be required, which will result in changes in land features and
extensive removal of vegetation. A means for controlling erosion and
siltation due to surface runoff will be provided. Disturbance of vege-
tation on and adjacent to road cuts is unavoidable.  Surfacing the road
with rock, gravel, volcanic cinders, or other surface treatments will. -
maintain the road in satisfactory condition. Assuming that an average
of 3.2 km (two miles) of new or improved roads per well is required and
that roads will be 6.1 m (20 ft) wide, about 2 ha (five acres) of land

per well will be disturbed by road construction.
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Drill-pad construction requires that an area of about 0.4 to 0.8 ha .

(one to two acres) be levelled-and cleared of- vegetation. . The pad area
will providewspace for .the drilling rig and accessories, temporary. struc~
tures.”parking;%andfmaneuvering room: for service and delivery vehicles.
The pad may be. surfaced with:rock or: gravel.:.

A reserve pond of several square meters to several hundred square meters
(several hundred to several thousand square feet) in area and 1 to 3 m

(5 to 10 ft) deep, depending on the depth of the hole, ‘will contain waste
fluids and drill cuttings. The pond will be lined with impervious

material to reduce leaching and groundwater contamination. o

I e Poouiterig e

. Large quantities of geothermal fluid will be discharged from the well

EH e

during testing. A means for disposal will be designed and constructed
nSite preparation may include preparing a second drill pad in the site o
vicinity for drilling a reinjection well construction of an evaporation
pond 'or construction of a drainage system;to convey the fluid to the‘d
?ocean or other surface discharge. Drilling of a reinjection well will
be similar to drilling a production well if an abandoned production well
is not available.h Construction of an evaporation pond or drainage system»
will require clearing, grading, and excavation. Evaporation ponds may
not be an acceptable means for the disposal of geothermal fluids in some

: states. Ponds and drainage channels will be designed with impervious

material to contain the fluid and prevent groundwater contamination.

e E o
pERH S S AT G Y PRIV IO IS )
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During the above phases of site preparation, construction activity will
alter the topography over the affected‘area,'increase noisellevels, 2o
reduce air quality as a resultrof fugitive’ dust ‘and operation of
gasoline—powered vehicles, and destroy vegetation resulting in increased
exposure of the soil to wind and water. Portable sanitary facilities
will be provided for construction crews, and construction wastes will be
disposed of at suitable spoil sites.:

3.1.2.2° Drilling requirements

Drilling operations require drilling equipment, support facilities, and
manpower support. The largest piece of equipment is the drilling rig.
Drilling accessories include the power supply, mud pumps, air compressors,
pipe rack drill bits, mud pit, and a cooling tower. In addition, fuel
tanks, water tanks, a reserve pond, and temporary structures for offices,
locker rooms, and storage areas are required at the drill site. The
quantity of water required will depend on depth of the well and specific
site conditions. Water may be obtained from a well, from a 1oca1 stream,
or delivered to the site and stored, depending upon its availability.

All other commodities will be delivered and stored onsite.

Approximately 6 to 15 persons may be present on the site at any particu-
lar time. The required personnel can be categorized as continuing o
personnel or intermittent personnel Continuing personnel include
drilling crews, 1ogging geologists, drilling supervisors, and a rig
superintendent. This group usually operates the drilling rig around

the clock, but abbreviated schedules are.sometimes observed to reduce
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noise. The intermittent personnel include truck drivers delivering
various supplies; service personnel specializing in such areas as
cementing, down-hole surveys, or formation evaluation tests; and various
inspectors. The intermittent personnel are only required at certain
stages?orgthe drillingloperation. Potable water and sanitary facilities ‘
for personnel associated with drilling activities will be provided.

The time required to drill a we11 will depend on the depth of the hole.

A geopressured geothermal well generally ranges in depth from 1 5 to

4.6 km;(S 000 to 15, 000 ft).x,Time requirements may increase because of
delays caused by mechanical problems inclement weather, supply short-

ages, and reduced hours observed to control environmental or societal

i .

impact. =

A typical drilling arrangement for geothermal development is shown in
Fig. 3. l.— Rotary drilling, the most common drilling method, requires a
changeable bit, a drill pipe, and a drilling £luid system. Wells
piercing a geopressured reservoir are generally deeper ‘than wells drilled
for hydrothermal reservoirs and, therefore, may require larger drilling
rigs. The‘drilling fluid is usually a mixture of water, clay, chemical,
and weight additives called drilling mud., The drilling mud is circulated
down the drill pipe and up the open area outside the pipe to cool and
lubricate the bit, remove cuttings from the hole, and seal off the
penetrated formations. The weight of the mud helps keep formation
pressures under control and forms a wall cake on the inside of the hole

which helps prevent sloughing of the hole sides. The drilling mud
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denéit§%féq51fed}éblcbnfraigthé‘hiéh’preSSﬁfeéQaééociétédtwith géb—“
pressured reservoirs may be up to 2.2 to 2.4 kg/1 (18 to 20 1b/gal),
which is much greater than the mud density required for drilling hydro-
thermal wells.' Mud is recirculated and cooled in mud tanks, and the
cutfiﬁggiafé femoved and stored in the reservé pond:’ The reserve pond
ié'ﬁléévaégiléﬁléiféf;ﬁiiﬁﬁéfaiﬂé"ekééss‘mud'ffdm?tﬁe system.
At various stages during driiling and before casing, the drill pipe is
removed and é%éiuétiéhblégéfétedfun. Log measurements include such
pargﬁéﬁégg ggiéégiéiiéitf,icoﬁ&ﬁgfiﬁifyffééniﬁ response, and Tesponse to
the fa&iéaétiﬁit;‘;fﬁéafiéué féyéfs'éf*tdck? “The logs provide informa- -
tion ;éiéﬁékaéysé; and ‘formation flulds penetrated by drilling. -
S I . .
”ﬁgéf&e;gséa&fihé dfilliné?iﬁéludé‘éif;béilutéﬁts“ffoﬁ‘the operation of-
motoryséhiéleéTaﬁégaiééeii£o§é;éaféqﬁiﬁﬁéﬁtigdﬁéiffrom movement of
%éﬂiéiééwén3ﬁéérégiédéédff;éés,‘ﬁ&iéé;”dﬁdbfiui&s*Ebntainéd?iﬁ?the:'“
reserve pond. The flulds may include accidental’of incidéntal spills of
%féglsbiégiiéaﬁiéirér gfﬁéébsﬁgs§é£¢éé;*fﬁnoffEfrbm‘théi&iilldpad*area;
fréﬁﬂguai&;iilfﬁg;;fe%é&ﬁtsiﬁéinﬂwtﬁé édﬁ&.ifleééhiﬁg‘én&‘éfdundwateriﬁt
contamiﬁéii;ﬁnaféfﬁré@éﬁ;é&Eﬁibédﬁiﬁbéréiéusilihing*iﬁ”théfﬁdﬁd;'*Thé"
rééé;GéLpOﬁ&‘cSﬁégﬁfé GfilfséZééiidifiéd’éﬁ&'Bdfied}aftér5dfiiling“¢omr"
plééiénixsbuéiﬁélﬁéll Eégfiﬁg;ﬁfhé’rééeré7bdnd will be uséd for storage
of geothernal £luldsif necessary. The reserve ‘pond will'be £illed and

levelled after drilling and testing, and the drill site-area'will be
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reseeded. The effects of deep-well drilling are generally confined to

the well-site area.

Environmental hazards during d;iliing include thelpossibility.of geo- .
thermal fluid movement in the well bore within various zones or layers
and the possibility of a blowout. All well holes will be cased and the
casing will be cemented from the earth's surface to the production zone.
Cemented casings protect freshwater zones, isolate different production
zones, keep the hole from sloughing in, protectrthe pipe from cqrrosiyg.
fluids, and ensure contrql of!well pressure. A typicallcasing program 5 
would consist of a conductor casing»lS gq,ﬁo m‘(SO to 200;f;) deép, a
surface casing set between 60 and 400 ﬁ:(ZOQ and 1,300 ft) to ancho;
blowout equipment, an intermediate casing to protect interlying zones and
maintain zone separation, and a production cas{ng.l The settiqg qfwig;gr-
mediate casings is critical in geopressured wells becausg of thejmpd ’
weights required to control ;he formation. ,No:mallyfpregsured’fﬁrmations
may break down due to excessive mud pressures if intermediate casings are
placed at too shallow a depth. The number of casing strings rqu;red will
~vary with depth of the well and various formation zones. Each qasing
will be cemented in place and wil; overlap 30:m (100 ft) to ensurgjthaﬁ
geothermal fluids do not leak from the prgducing zone to overlying
aquifers. Cementing is accomplished by filling fhe annula;ra?ea betwggn
the pipe and formation with cement up to the eaFth's surface. Thertfpgﬁr
of material used in cementing erepds on tgmpgra;urg, pressure, andzfor;’

mation conditions.

r
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‘A ‘blowout .cdn occur -1if the pressure of :-the penetrated formation exceeds
‘the pressure exerted by ‘the column of fluid in the hole or if improper -
casing .sealing or overlap-is .provided.. Steam, hot water, methane, and
fluid ‘contaminants (CO5, NH3, possibly HyS) may be vented -to thegsurface
-.as a-result of a blowout. .Fire is also.a-potential hazard -associated
--with blowouts from:geopressured wells due to the presence.of methane gas.
Effluents from-a blowout include increased noise levels, gaseous emissions,
and -geothermal fluids‘fwTheseAeffluentsfwill,be discussed in detail in
Sect. 3.2.1.3. Blowout preventers and related control equipment are in-
stalled, tested, and maintained to prevent such occurrences. Equipment
‘will -be rated:at the maximum pressures expected from:the reservoir, -The
probability -of :blowout occurrence can be reduced as a result:of:techno-

~loglcal-refinements.i; - .07 f:irwoedi

»r:3.142:31 Well itesting .- iy

et

The logging program for a geothermal test well is designed to provide B
g i K H 1,.,r‘

information for predicting the overall well'performance.r Flow, stability
\ of well bore, composition and temperatures of geothermal fluids, and 4
viassociated'pressures areienamplesyogrthe information obtained. A base—
line condition is established at the beginning of the test period and
tests are repeated to establish changes in the baseline.

Hydraulic fracturing may be required to increase the productivity of a

geopressured well by removing the formation damage caused by drilling
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and cementing operations and by stimulating the in situ producing capac- &_}
ity of the reservoir. In the hydraulic fracturing technique; the reser-

voir rock is subjected to a force capable of producing deep, highly -

conductive fractures within the reservoir. The fractures reduce the

distance that reservoir -fluids must travel to reach the low-pressure con-

--dition found at the well bore. Propping agents deposited during fractur-

ing operations hold open the fracture that ‘the earth's forces tend to ..

close. - Propping agents suitable for use in geopressured aquifers are

‘yet to be developed.

During well testing the well is vented to the surface, causing noise 'and
the release of geothermal effluents. Noise may be abated by .venting .
'through a muffler system. The geothermal flow to the surface from a geo-
pressured system will be a mixture of steam, noncondensable gases (mostly £-J
methane), and liquid. During flow testing, the geothermal fluid will pass
through a three-phase separator that will separate the fluid into non-
condenéable ges and methane; liquid. and condensate. Each effiﬁent may
rrhen be disposed of in an approbriate manner. The gas phase may be .
burned and released to the atmosphere. Flow of fluid to the surface will
be reinjected, stored in evaporation ponds,.or released te the ééeéﬁ or
other surface waters. The chemical composition of geothermal fluid (
varies from reservoir to reservoir. Chemical compositions of fluids from
various»geothermal systems are discussed in Sect. 3.2.1.3. During pro-
ducrion testing, extensive monitoring aﬁd analyticel work will be done

to determine the quantity of all potential toxic concentraticrs present
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in geothermal:fluids, to:evaluate their .possible threat, and.to determine

what control measures . ate required to:maintainfenvironmental~quality.

3.1.2.4 Well abandonment .. .= «.:i: ¢

If a well is not proven productive or if a producing well becomes unpro-
ductive, the well will be abandoned. Requirements for abandoning and

, =

' plugging the well vary with factors such as the type of hole drilled,
depth,mand the formations encountered. All abandoned wells will be
plugged in an appropriate manner according to State, Federal, and local
regulations. In general, abandonment procedures are designed to prevent

any fluid movement within the well bore. All structures will be removed

from the area, and the site will be revegetated
Y p e M - J,H LR IS S i [ - H
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3.l.3 Field development ‘ :

Field development is‘the‘drilling of additional wells to develop a geo-
thermal field after successfil production tésting;54This'mav continue:
over a “period of’ several years. ‘Environmental disturbances will be sim-
ilar to those described’ previously ‘bit will ‘be ‘cumulative as new wells
are'drilled‘andpcomplétedf31ﬁe“édditive'nature'offthefeffluents=and'
test drilling. . Additional roads will be required, and all access roads
will be improved“for'permanent service. Personnel requirements will
increase; and ‘additional ‘servicdes and facilities will beé necessary. The
extent of surface disturbance will increase’significantly;f One important
consideration is that several wells may be drilled from one drill site

using new drilling techniques.
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Total environmental effluents will be an-accumulation of pollutants from
each well site-and will depend on the timing of field development.
Effects and effluents during drilling operations have been considered in
Sect. 3.1.2. As wells are completed, they are shut in until they can be
connected to the geothermal system. During the shut in period the wells
will be permitted to vent a sufficient amount of geothermal fluid to the
atmosphere to prevent plugging of the well. Small amounts of steam,‘
noncondensable gases, and water from ventiné will be controlled at the
wellhead. The cumulative effect of many wells ready for production o

could be significant.

Wellrspacing is an'important consideration injfield development; 'WE113
spaced closely to the power plant and to each other &111 result in mini-
‘mal energy loss in transit and minimal disturbance of the surface. Wells
with large separations reduce interference and depletion effects'; Models
are required to optimize well spacing and to prescribe a development»,;
program requiring a minimum of new wells during the project 1life, while
developing the field to the fullest. Depletion characteristics and
desired plant lifetime for the generating plant will determine the rate
of production that can be maintained from a given surface area of land.
Conceptual designs of geopressured fields use wells spaced 0.8 km

(0.5 mile) apart.

As wells are completed and shut in, the surrounding area will be cleared

of all equipment and revegetated.
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3.2 : RESOURCE 'UTILIZATION

Resource utilization is defined as the steps leading to and including
the use of the geopressured resource.‘ The ERDA geopressure subprogram
will include testingiofhcomponents, subsystems,‘and processes in field
'test facilities, testing of integrated energy conversion or utilization
systems in pilot plants, and demonstration of economic feasibility with
demonstration projects.‘ Each test or demonstration project will have a
_site—specific environmental assessment prepared and in many cases,
environmental research and monitoring will precede the project. Poten—

tial effects of commercial applications are subdivided into electrical

and nonelectrical utilization. ’

3.2.1 Electrical production

Energy in geopressured reservoirs is present as natural gas in solution,
as thermal energy, and as hydraulic energy.A The estimated heat from
known geopressured resources recoverable with present or near-term tech—

nology is 2. 52 x 1019 cal (100 quads) for electrical utilization and

1 26 X 1029 cal (500 quads) for methane production.3 Temperatures of

,,,,,
,,,,,,

geopressured resources range from 90 C (200 F) to over 190 C (375°F)
Salinities for geopressured fluids may vary from a few thOusand parts/
per million to over 100 000 ppm.. Schmidt speculates that geopressured
zones will have a lower salinity than water from adjacent normally ) |
pressured zones.ﬁ} Geopressured reservoirs with high salinities will T
cause scaling and corrosion problems in the piping system and heat |
exchangers. Salinity of the geothermal fluid will also be a factor in

selecting the geothermal fluid disposal method.
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Without geopressure energy, a temperature of at least 150°C (302°F) is &;J
generally required to produce economical electric power from a binary
system, and a temperature of at least 190°C (375 F) is necessary to

produce economical electrical power from direct flashing.

Economic analyses indicate that electricity generation using geopressured
Vgeothermal resources is economically and energetically attractive if 7

fluid temperatures approach 160°C (325°F) at the wellhead 1f production

rates approach 6, 360 m3/day (40,000 bbl/day) per well and if the methane
content approaches 7 m3/kl at STP (40 £t3/bbl).2 Power cycle selection,

plant design, and disposal of geothermal fluid also play a role in the

economics of electric power generation from geopressured resources.

3.2.1.1 Power cycle description - o : ‘iﬁi

The net energy produced from a geopressured reservoir includes energy
derived from gas recovery, kinetic energy, and thermal energy. Geo~
pressured reservoirs are thought to be saturated with methane gas which
would yield from 2.6 to 7.9 m3 at STP of methane per kiloliter of geo-
thermal fluid (15 to 45 ft3/bb1) depending on reservoir temperature and
pressure. As wells are produced and pressures drop, some gas will be
released from solution.’ The gas will be recovered from the water by a
gas separator. ‘Kinetic energy will be converted’totelectrical energy by
a hydraulic turbine. The hydraulic turbine may’require up to three

stages and must be built of corrosion—resistant material
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After gas separation and kinetic energy recovery, the thermal energy will
be extracted:frbm the;fluid as in hydrothermal systems, Three power
cycles are being considered for converting thermal energy to electricity:
direct flash binary, ‘and total flow. In the direct-flash'cycle, the
vapor fraction of_thergeothermal fluid 1§ separated from the liquid frac-
tion. After particulate{removal,;the vapor is'e#panded.through a low-

temperature turbine, and_electricity 1s generated. The flashing method

18 best suited to high-temperature and high—salinity resonrcea'having a

TYEy

high vapor quality.

In the binary cycle, the geothermal fluid is used to vaporize a secondary
working fluid. The working fluid is expanded through a- turbine, and
electricity is generated The binary cycle is particularly useful for
low-temperature resources where direct flashing would ‘not be economical.

In the total-flow cycle{ithﬁxqwgfghgse‘(lignid"and vapor)“éeothermal

fluid is used to drive specially designed turbines to generate electricity.

The total flow concept "is applicable to any geothermal fluid, but it will

¢

be particularly suitable for direct utilization of high-salinity geo-

thermal fluids. T gff” R o

Schematic representations of the three cycles with recovery pf gas and

hydraulic power are presented in Fig. 3.2, %,
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Source: P. A. House, P. M. Johnson, and D. F. Towse, Potential Power
Generation and Gas Production from Gulf Coast Geopressured Reservoir,

UCRL-51813, Lawrence Livermore Laboratory, Calif., May 1975.



319

_Direct flashing

To'EccompiisﬁVEéparafion”dfrtheﬂgédfhérdél‘flhid?into a vapor phase and

a liquid phase, the ‘flash units aré operated at ‘a préssure below the = . -
vapor pressur€ in the’ geothermal fluid. ' :This causes the vapor ‘to ‘be ::
withdrawn from the geothermal fluids ‘in‘quantities that are dependent on ..
the pressure ‘difference between the'flash.unit and geothermal fluid and :-*
‘the ‘heat content of the Ffluid. 'Direct flashing may dinvolve single-stage. -
or multistage flashing.: In'multistage flashing, the 1liquid fracticn of
the geothermal fluid {s''fed to flash units operating at ‘succeedingly:
lower pressiures.’ The ‘steam flashed ‘from each stage is fed .to the :turbine .
at the ‘point whére its pressure matéhes‘thatfdfﬁfhé expanding sEeém:fromrf
precedihQTEtagéSV*lMultistégeffléshing‘incieaSeS‘thevamount.of~energy
utilized ané,réﬂﬁieé'théﬂwe11~flow/fatéiahdAéOOling»réquireménts.;wThe
numbér of stdges ‘designed in‘a plant depends ‘on ‘an economic-analysis: ..

balancing of increased capital costs with reduced well and cooling costs.

E

Particulatés ‘and Hboncondensable gases w;ll'be"reﬁovéd‘from:the~vapot;f%‘
before it is fed to the*fufbihéf*JP;rtiéulates are ‘removed with scrubbing -
devices. ' Noncondensable ‘gases ‘may be removed by an initial flash stage. .
before?béing*féd*tb?%heﬁfurbihefdr:by ejection from condensers after '
beiﬁg;féd’fﬁ éhé3tufBinéf{3Eﬁefgy‘1osSesireéultiﬂg?frOmfanﬁinitial3f1ashf-
for ‘removal of noncondensable ‘gasés ‘must ‘be balanced against energy -
losses due to inefficient turbine operation resulting from:the presence -

of noncondensable gases.
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Binary cycle

In the binary cycle, the geothermal fluid vaporizes the working fluid in
heat exchangers, and-the working‘fluid,iqéexpandedwthrough turbines. .
The proper choice of a working fluid:is vital to the design of an effi-
cient binary .cycle. Generally,--a supercritical Rankine cycle is pre-.  r
ferred, 'and, therefore,. the critical temperature .of the working fluid
must -be less than the temperature of the geothermal fluid. 1In addition
to critical temperature, the relative size of the turbine, the operagingr
pressure of ‘the cycle, and the condensing temperature are important in .
‘selection of a working fluid. The secondary fluid is usually organip.
More heat 1is extracted from\the—geothermal fluid by the binary cycie
using the proper working fluid than by the direct flash cycle, which
loses the latent heat of the flashed steam. Resource utilizétion effi-

ciency is greater for the binary cycle than for 'the direct flash cycle.

Noncondensable gases do not present serious problems in a binary cycle‘
arrangement. Hypersaline brines may cause significant corrosion, ero-
sion, and scaling in heat exchangers. These problems_may be solved by .
a hybrid cycle in which direct flashing is used to provide steam for .
vaporizing the working fluid in heat exchangers. The hybrid cycle is

more efficient than flashing alone because the latent heat of the steam.

is transferred to the working fluid. Scrubbing of particulates from the

steam may be required.
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The binary cycle is in the process of being scaled/up but is still con~
sidered experimental. A 340-kW binaty cycle plant utilizing 81 5°C geo-
thermal water and Freon as the working fluid has been operated in

R <

Paratunka, USSR. Other Freon plants have operated in Japan. In the
United States, binary cycle development using isobutane as the working |
fluid is progressing in Niland California, and Raft River Idaho, in

S

relation to hydrothermal resource deve10pment. The Niland geothermal

Y

facility is a high-temperature (250 to 300°C) high—salinity brine, while

that at the Raft River site is moderate-temperature (150°C) and

low-salinity

Total flow ’ A

In the total flow-concept, power 1s produced by the expansion of the
entire ‘well ‘output of low-quality.(two-phase). steam tothe condenser .
pressure. ‘:Expansion:can be accomplished by aispecializedeimpulae,turbine
or ‘positive~displacement -expander. -In principle, the total-flow.concept.
is thermodynamically more.efficient than either the flashing or binmary .
cycle concepts-and.offers:a.potential for high efficiency. at low capital.
COSES . frn vl frnl soh Deeveldoas r gt ol L s g o oo

Major denelopment work is being done at Lawrence Livermore Laboratory
where :several-total-flow designs have been tested and evaluated, At the.

present:time; a 50-kW axial~flow pure-impulse.turbine is being construoted.
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3.2.1.2 Plant construction -

A geothermal power facility will consist of'a sdrface network of piping, a

power plant, and high-voltage power transmission lines. The land in the

vicinity of the facility will be changed by the construction of roads,
wells, powerlines, power plants, and pipeline facilities. Existing use

of the 1and may be temporarily or permanently changed, and the immediate

vicinity of geothermal activity will restrict the public use of the land

The power plant and well field will require a minimum area of 4.4 km?
(2.73 m?). Lands adjacent to the developed site and made accessible by
geothermal development could support multiple uses such as hunting and
other recreational activities, grazing, and agriculture. Previously

inaccessible unspoiled or wilderness areas may become more accessible.

The power plant will be located on about 4 ha (10 acres) of land adjacent
to the geopressured reservoir and will contain housing for power cycle
equipment such as heat exchangers, turbines, generators, and condensers;
cooling towers; and various support facilities such as office space,
storage and maintenance, buildings, parking, and fire water tanks. Geo-
Pressure power plants of 25 MWe are being considered for design and are

a reasonable size based on existing resource assessments.?

The pipeline network is likely to be above ground in order to econom-. -
ically provide the necessary expansion loops and U~shaped expansion:
joints in the system for controlling thermal expansion and contraction

of the lines during operation. In addition, surface piping allows rapid .



3-23

detection:ofileaks or breaks to ensure minimal spillage:of<geothermal PR
brine.” Pipelines will be insulated to: conserve heat, and the elevation
abovergrOund‘wili be ‘approximately a meter :(several feet), with easements
on each side of the pine. Insulating materials containing asbestos or

fiberglass will be used. ~‘In pipe design, the effect of surface area and

“‘pipe ‘diameter on heat and pressure loss will be considered to provide

maximim flows at minimum ‘cost ‘and heat loss. " Piping will generally be .-
0.91 m (36 in.) in diameter and must be ‘designed to withstand the high
pressurés expected.2 A buffer zoné of 0.6 to 3-m (2 to 10 ft) may be

cleared on each Side of ‘the pipeline. i~ = v oooeroo

Transmission’ line ‘construction will involve clearing of rights-of-way, -
construction of access roads, and ‘erection of towers and lines. Lines <
from a 25-Mie power plant ‘may be 138 kV and will be hung from wood poles
of ‘towers ofisquerelbsSe%steeieiettiéeﬁdesignf””The:wood\boleS‘will stand
about 23 m (75 ft) high ‘have a 0.65-m2 (7-ft2) base; and allow a 305-m
(1000-£ft) ruling span. Lattice towers stand from 34 to 43 m (110 to °
140 £t) high, have an'average basal area of about 93 m? (1,000 ft2) and,

in general, allow about 366-m (1,200-ft) ruling span.” Variations in -

Alocal topography may necessitate occasional reductions in span length.

which would require additional towers. Tower—structure design ‘and tower

’ébat;ing‘s’ ;:i:inin?:i'ze ‘the visual and sesthetic impacts associatéd with trans-

mission 1ines. ffﬁé‘tééhéaiééiaé’iiné“right46f4ﬁ5§ will be about 46 m

(150 £t) wide. éorzéécﬁfizé'kﬁ&ki'ﬁiléj\dfiiiﬁe;fébaut 9.6 ha (24 acres)

of land will be affected. “The cleared éfeé'Bénéatﬁethé'ttinsmiééioﬁ"*”'

'lines may be used after construction for grazing and other activities.
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Access roads are necessary to provide: transportation for materials,
equipment, and workmen.during construction.  After construction, access -

roads -are necessary to allow.maintenance of the transmission 1ine.system.

Construction requirements will be similar to those for any industrial or
electric construction project. Storage areas for equipment and materials,
temporary construction offices .and shelters, sources for potable water
and electrical power, construction waste disposal areas, and sanitary
facilities will be necessary. Construction operations will include con-
struction of access roads; clearing and grading plant, pipeline, and
transmission line areas; handling of materials, equipment, and supplies;
and disposal of construction wastes. Movement of earth and soil may
cause dust particulate problems as well as expose new soil to surface
runoff. These effects will be temporary and may be minimized by proper
construction‘techniques and measures such as bank sloping, revegetation,

road surfacing, soil stabilization, and adequate erosion and drainage

control.

Effluents during construction will not be unique to the geothermal power
plant but will be similar to all construction projects. Minor air pollu-
tion results frqm,the operation of gasoline powered engines and partiguf
lates from sqrface disturbgncesf 1Nqise due to ppgration of equipment and
other_const;uction;activities may,bersignificant at times. Solidlﬁastes
from gradingAagd copstruction will be disposed of‘and sﬁabilized in an‘.
approp?iage manner, Effluepts to local streams will include sbmersurféce

runoff and accidental spills of lubricants, gasoline, and other substances.
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Sanitary facilities will be portable, ‘and wastes will be disposed of in.

an acceptahlefmanner;=»,4_4,

Constructioniwilljresult”infchanges'in land ‘utilization. . Land use'willi
be primarily ‘industrial development, with multiple land’uses possible
after construction. ’ ‘Although the ‘facility will be designed to 'blend into
the natural setting by landscaping, vegetation, and color selections, -
some visual and aesthetic change is inevitable. The visual and aesthetic
effects will depend on the-size and extent of the plant, the topography

of the area, the vegetative cover, the techniques used to minimize  impacts,
and the proximity ‘to population :centers.

P

AL

3.2/1.3 éPlax'itoperatid‘nsm Lo

A geothermal power plant mustvtake‘in and exhaust more heat than an
equivalent fossil—fuel plant because of its lower thermal efficiency.
Economics of scale are not presently possible in plant operation because
the unit size is 1imited by reservoir characteristics and the economic
distance for fluid transport. All activities related to electricity

generation at a geothermal power plant will be localized to the geo— 4
thernal resource area around the plant. No offsite support operations
Such as mining and fuel processing are required.‘ Offsite transmission
lines are typical of any electrical power plant. Power plant operation‘%
activities include operation and maintenance of the piping network and
power plants as well as drilling,iredrilling, and reworking geothermal

wells to maintain production capacity.
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During operation, overall activity will be reduced from that during.con- -
struction and field development. Many areas previously cleared and
exposed to weathering will be revegetated. Wells will continue to be
drilled:or redrilled as needed to replace .or. maintain existing‘wells.k~,_
Approximately 10 to 12 wells will be required .-for eachJZS-MWe,plant,zA

. Drilling will involve the same operation described for test drilling in-

Sect. 3.1.2. -

Fluids withdrawn from wells will be transported to the power plant

. ‘through :a surface piping network. ' The piping and all equipment in the -
network must be capable of withstanding the high pressures associated
with geopressured reservoirs. Regular maintenance and inséection of the
surface piping will allow early detection and repair of leaks’and mini-
mize the loss of geothermal fluid but will require access to pipelines.

Piping of high-temperature wétef under high preésure could be hazardous

because rupture of a'single line could result in excessive damage.

The geothermal fluid piped to the power plant will be used in one 6f tﬁe
power c&cles described in Sect. 3.2.1.1. Operational diffefences in
these qycles will be considered. Full—écale prodﬁction’will alséiinﬁéive
operation aﬁd maintenaﬁce of a cooliﬁg system and waste cdnfrol aﬁd dis-

posal systems.

Personnel, water, and sanitary facilities are requiréd for ﬁiént prodﬁc4h
tion support.. Personnel requiréd during plant operatidn will depeﬁd on

the instrumentation and controls designed in the plant. Water will be
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required during plant production for various purposes including potable
water uses, fire protection, to initially £i1l the cooling water system,
and for makeup water. The'daily potable water requirement will be less
than»950 1itersﬂ§2§0dgal). Up‘tow600,000:gallons ofrwater storage may

be requiredrformfirewprogeotion?z'1The"required fire protection will depend
onffneiﬁowerfeycle,design.ijater may be supplied by drilling a freshwater
well, by diverting:surfaeefuafers,po the plant,”or by importing bottled
water. Offices and sanitarfifacilities'uillrbeTprovided for onsite

. operations personnel.

Effldents and effects ofvoberation

Most;aspects of operatingfa geothermal powerdplant will be similar re-
gardless of power cyclefaesign. Potential effluents include geothermal

fluid, noncondensable gas,;noise; and cooling system discharges.

Geothermal fluid. The chemical composition of geothermal fluids varies

from reservoir to. reservoir._ Chemical composition of fluid from a geo~
pressured Manchester field well in Louisiana compared with a normally
pressured well and an idealized geopressured fluid is presented in

Table 3.1. The solutes in geothermal waters can be divided into soluble
elements and elements with concentrations controlled by mineral equilibria.®
Soluble elements include chloride, bromide, iodide, boron, cesium;
lithiun, and ammonia. Concentrations of most other elements will be con-

trolled by temperature- and pressure-dependent chemical equilibria.




Table 3.1. Géopressured Manchester Field compared .with rio'rmall
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pressured Hackberry Field

sy

Calcasieu Parish . -Acadia Parish . Idealized Model .
Field . Manchester Hackberry
Well Name No. 1 W. H. McBurrey No. 51 Gulfland
Depth 12,670-12,677 11,500
Chemical Composition ‘
(ppm) e
Na 6,580 49,100 3,500
Ca 138 5,850
Mg 18 903 25
K 86 309 60 .
cl 9,950 92,100 S 5000
HCO, 1,330 286 1,000
SO, 175 37 75
CO;
Li 3.1 45 7
Rb 0 0.6 0.7 .
Cs 0 -
Sr 5.3 569
Br 33 183
| 27 53 15
Ba 0 23
Si0; 600
TDS 18,300 149,000 ~10,000

Source: G. W. Schmidt, “Interstitial Water Composition and Geochemistry of Deep Gulf Coast
Shales and Sandstones,” Am. Assoc. Pet. Geol. Bull. 57(2): 321-337 [1973).

G. K. Underhill et al., Proceedings of Second Geopressured Geothermal Energy Co_nference,
vol. 1V: Surface Technology end Resource Utilization, Center for Energy Studies, University of -
Texas, Austin, February 23—25, 1976.
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Higher-temperature waters,.therefore, contain higher concentrations of
dissolved ;solids. A single geopressured well may Pr°duce»f¥°m:5si5° ?°
6,360 m%/day (20,000 to 40,000 bbl/day) of fluid with 2.6 to 7.9 wd/kl
at STP (15 to 45 ££3/bb1) of methane produced. About 60,000 to
76,000 m3/day, (16 to.20 Mgd) .of fluid must be disposed for a 25-MWe

Plant’. EESEAR EEL N BT AAR S SRt S SR ST RTINS IS FET Sy

Sk gl i

Geothermal fluids may be -disposed of by discharge to cooling ponds, dis-

charge to,irrigation»ditches,idischarge to_the ocean or other saline>‘
waters, reinjection;, infiltration through sand and gravel pits, or
recycling. - Surface discharges of. geothermal fluid will be used only if
compatible -with <,-§Wf§°eZWaE¢F;f19WS_,t?r}.d in eomplrence,wigh recommended
effluent limitations. for cbeqical .temperature, .and gas emissions such .

as hydrogen sulfide, carbon dioxide, and oxygen.  Where surface discharge

is not acceptable, injection of ,the geothermal fluid into normally-

pressured sand formations 1.5 to 2.1 km (5,000 to 7,000 ft)'deep_appearsf

to be a practical means of disposal. This may be costly due to equip-

ment -and.power. requirements. . Pretreatment of the fluid may be required

for removal of .entrained particulate matter, to control pH, or to miti-

gate transient con@itions,:iWhere{ghehe;;ioa;egcon;ent_ofthe f}oid_is)wt

excessive, the silicate may be precipitated before injection to prevent

plugging of. injection\wells.: Disposal wells may be drilled specificallyt

for injection, or depleted oil wells in subsurface reservoirs below the \

freshwater table might be used for injection. ... . . .

e e
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Noncondensable gas. Geothermal steam generally contains small quantities

of noncondensable gases including carbon dioxide, hydrogen sulfide;
hydr&ééu, methane, nitrogen, and amménia. No analysis of the qﬁéﬁtifiés‘
of noncondensable gases in geopressured resérvoirs has beén reported.
The tbtal‘éas'cénﬁeﬁt and the relative épnééntfétidﬁs'oflthe‘éonstituenté
depend on the geochemistry of the underground reservoir. Geopressured
reservolrs are expected to be saturated with methane. The methane and
other gases will be separated frém the geétﬁefmal fluid at the power -
plant?aﬁd will be processed for sale. “Small ‘quantitiés of noncondensable
gases réieéée&‘dﬁrihg flashing may not be profitable for récovery, and
thé;gésés.ma&:be released through stacks if concentrations are acceptable.
Means for removing and collecting noxious gases may be developed as re--
quiféd by individual geothermal systems. Gases may also be compressed-
and pumpéd down'injection wells. Studies on methods for controlling
hydrogen sulfide emissiohs from geothermal power plants are being sup-

pétted by ERDA.
Noise. Noise levels during plant operation may be significant and will
resﬁlt'from‘steam and'gas separation, pressure reduction, venting, cool-

ing towéfs. turbines, and the geﬁeralzpower”plant area, =

Cooling system. Condenser cooling will be‘accoﬁplished with wet cooling"

towéfs, dry cooling towers, cooling ponds, or once-through cooling. ‘The-
cooling system selected will depend on the design cycle, water avail- "%

ability, land area, receiving water standards, and climate.



©3-31

Mechanical-"or ‘natural-draft Wet cooling ‘towers will probably be used -
where'the—s&étemfdeSign”péfmits*steam condensate from the power plant to
be used as cooling tower feed water. . 'No ‘nongeothermal source of fresh-
water is requiréd in such a design. Where geothermal condensate is not
‘available for ‘cooling water ‘(as 1n—afbinary'cyclé),’afsource~of:freshwater
is ‘necessary for condenser operation. This?couldfrequire:up't0‘400 ha-n
(3,400 acre-ft) of cooling -tower makeup water ‘annually for a 25-MWe plant.2

Effluents from the cooling tower result from evaporation, drift, and

“'blowdown.  ‘Drift and blowdown contain trace elements ‘carried over from

"~ the geothermal ‘steam ‘to ‘the condensate when condensate is used as cooling

?wtowerffeedaikCHémiéalé*to control scaling,’ corrosion, algae, and fungi
in the :systenm ‘may ‘not ‘be required in condensate 'cooling. Drift elimi-
nators ‘minimize ‘the 1loss 'of water droplets from towers, but fog and mist
are still ‘éssocia'ted‘ with areas adjacent "-t& ‘cooling ‘towers. Blowdown
“%ﬁllﬁbeﬂréieaéed to the ‘environment or reinjected with ‘the waste geo='"
_thermal fluid where apprdpriate‘tpispecific*applicationsf5ESoIids%from
“cooling ‘tower operation will be disposed of ‘in ‘approved solid disposal
BTERS S e Ol LT s RsniEs pa e o

Dry ccoling‘foﬁeféQOr<hybrid'WEt/dryf¢ooling towers ‘may be -used where -
.f:eshwater is required in a water-deficient area.  In'a dry tower, ‘air
is drawn over banks of tubes through which process cooling water flows.
Allfhedt%iﬁ‘disélpated”tb?the’air;fand there 48 'no evaporative cooling.
Heat transfer is not-as efficient as wet cooling towers, and capital and
.soperating coste iare -usually higher. “‘Cool,’dry climates would be ‘the most
‘Tdadvantageouszdfi1hstallation'bfndry“coBiing‘tbwers;-fDry towers ‘do not

consume water and produce no effluents.
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Cooling ponds may be used where a large land area is available. . Some -
makeup water is required to replace evaporation, and ground seepage. :

-problems are possible with cooling ponds.
- -:Once~through cooling in which freshwater is passed over .heat exchangers
one time before discharge may be considered for areas with an abundant

~:water supply to the .extent permitted by law.

Corrosion and scaling. Plant operation may result in corrosion, erosion,

'scaling, and plugging of drilling equipment, borehole casing, -and surface
piumbing and equipment when hot mineral-laden geothermal fluids are used.
The corrosion potential will depend on the nature and concentration of
dissolved salts and gases, the temperature, the pH, and the amount of
oxygen in the geothermal flu.id.- Erosion may result fror‘n/enytrained
particulate matter in the geothermal fluid. Scale is forﬁed by precipi-
tation of silicates, carbonates, and sulfates from the geothermal fluid.
The ERDA is currently supporting research in this area. Control of the
problem may be accomplished by using expensive corrosion-resistant mate-
rials for plant construction, by reworking wells, and by cleaning or
replacing surface piping. No effluents result in addition to those

previously mentioned.

Water. During operation of the pawer plant, withdrawal of, fluids may .
cause the groundwater and surface hydrologic regime to change and may
..influence the availability of water in the area. Withdrawal and disposal

of geothermal fluids could result in contamination of freshwater aquifers
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if one aquifer horizon were:not kept isolated from another by properly
. -cementing the casings of. production and .injection wells.: -

SR A TR S

Energy recovery ... .. uaurooy Lo

Dissolved methane, kinetic energy, and thermal energy are the three forms
:of usable energy contained in geopressured reservoirs. Natural gas is
vbelieved to be near saturation in the pressurized hot brine from a geo-
'pressured reservoir and is recovered as pressure is reduced in the geo—
thermal fluid The natural gas will be collected at several stages
during power production and will not be of pipeline quality. A fuel

plant may be constructed as part of ‘the geothermal power plant to process

the natural gas to pipeline quality. Processing of the recovered natural

gas will involve cooling, pressure adjustment, and dehydration.

i FAARERIINS S SR Ot

Kineticvenergy will beﬁrecovered'from”the‘geopressured‘reservoir by con—
verting the high wellhead pressures to electric power by use of ahhydraulic
turbine. The hot fluid will be a two-phase system at a high temperature,

37: Ty

'which.may cause corrosion and erosion problems.kﬂ'
After pressure reduction and gas separation, the fluid from a geopressured
reservoir is similar to that from a hydrothermal reservoir, and one of
e b SRTTRY &
the three cycles described in Sect 3 2 1. 1 may be used to recover ther-

mal energy

Direct flash cycle.4 In the direct flash cycle, hot brine is flashed in

a steam separator or flash tank and the vapor fraction is used to operate
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a turbine while the liquid fraction is discharged to settling ponds or
reinjection vells through silencers to reduce noise levels. Noise levels
will be high for workers. The fluid will most likely be flashed at the

power plant after pressure reduction and recovery of natural ‘gas.’

The percentage of geothermal steam mass flow after flashing will depend
on the temperature and pressure of the geothermal fluid before and after
flashing. Generally, the steam mass flow will be in the range of 10-30%
of the total mass flow. The remaining 1iquid fraction will retain |
slightly higher concentrations of trace elements and dissolved solids
than the fluid before flashing. The geothermal steam is expanded as it
passes through the turbine to the condensers. The low temperature and
Vpressure of geothermal steam requires large turbines relative to the
generating capacity. The most economical turbine size atlpresent‘appears
to be 50 MWe or less, but more than one turbine may be installed in a

plant.

The steam condenser will operate at a vacuum providing low turbine back
pressure to maximize energy extraction. Noncondensable gases will be
removed with gas ejectors and released to the environment through appro—
priate gas cleanup systems to maintain the vacuum. Condensers will be
direct-contact or surface heat exchangers, depending upon the method of
control of noncondensable gas. Direct-contact condensers are cheaper.
require less cooling water, and present fewer corrosion problems“than
surface heat exchangers. Water—soluble gas components tend to dissolve

in and discharge with the cooling water in direct-contact condensers.
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Surface ,condensers allow easier handling and control of noncondensgpxe
gas by keeping the flows sgpaga;eﬁ,W;herghy”prqviding‘a moreﬁcqncentrated

stream of noncondensables :for removal. =

In the direct flash cycle, wet cooling towers argf9§ugL1y‘psedzpoiprovide
cooling for the condensers. Condensate is used for feed to the coﬁling
uf\gqgep,:anﬁlﬁthngéd.ﬁqr_f;gshqatey»qurggg gfgcQQanse;jcoqling water is
reduced or eliminated. o

| S T N [ ; . : :

- Most of the steam condensate from the system will be lost to evaporation
and drift through the cooling tower wi;hithgmremainder discharged as

cooling tower blowdown with the unflashed brine.

Binary;gyclé. In the binary system, @q;ig;qid;{gvpasggd“;hyquh a heat
exchanger to transfer the thermal ene£é§}£§ a 565;6¥r6§i§€’§6fking fluid
such “as ‘igobutane 6f“fi&&fiﬁaEéd“ﬁ&di&éérbéhslE;Thé;vapbrizé&*wdrking{
“fluid 15 used in'a turbine for producing electrichl energy. The turbines

réqﬁite&}afe'sﬁéiief“ﬁﬁanﬁfhﬁéé*féquiredFBy”an'équivalenﬁ direct flash
system 'because organic vapors are much defiser thin steam. In the binary
éysfém;'Bdfhﬁéhévéeéfﬁérmai{BfinéLaﬁdﬁthe working fluid are contained in
closed ‘cycles away Erom exposure ngéﬁe'atmdsﬁﬁéfé;:éﬁa'hohéohdenéablé
gases are not released to the atiosphere. e geothermal fluld 'may be
reinjected’ to avoid thermal snd chemlcal pollution’ of surface waters
with a typical loss.of only about 2% of the total mass flow.

" While air quality is improved in this system, mongeothermal water must
“be uséd'fbr?EOndéﬁééf'éoﬁiiﬁéﬁbécéuSé'thé“iehpefétﬁfékéf*the geothermal

R
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fluid is tbdvhigh to condense the”Binary/fluid."Aa'much as 400 ha*m o
(3,40044;800 acre-ft) of cooling;towar ﬁakeup water for a 25-Me plant
will be required in a binary cyclaybpéfatibns‘wﬁaﬁ wet cooling towers
are used. Dry cooling towers and cooling ponds may be used, depending

‘oﬁrsbecific conditions.

Total-flow cycle. Turbines developed for the total flow ¢ycle are likely

to be noisy and require massive walls to withstand the stored éﬁéré§.°

At tha turbine outlet, the geothermal fluid will pass through a aondenser
i fbt,cdoling; A cooling towar or spray pdn& ﬁill‘ﬁsually be faquired;:;The
quaﬁtiﬁy of makeup water reduired will depend on evapotati#é édoiinérk

losses vs the cooling tower feed from condensed vapor.

3.2.2 Nonelectrical applications S ihrV

The potential utilization of geopressured geothermal energy for non-
electric applications is limited by the resourcefs distribution and the
economics of resource recovery. Geopressured zones situated in rural
areas would require the establishment of new industries to utilize the
, geothérmal fluid, whereas in more industrial»areas, new industry or
expansion or modification of existing industries woulqbbe required.
Nonelectric applications may be suitable for the use of naqural geo—

thermal fluids or may require upgrading of the geothermal fluid.

Nonelectric application of geothermal resources are economically attrac-
tive in the low- to moderate-temperature range from 50°C to about 150°C.
-Below 50°C, utilization of geothermal water is limiged, andvabove>150°c, (-

production of electricity becomes more feasible.
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3.2.2.1. -Applications i - ... .-
Nonelectric energy derived from geopressured reservoirs will be useful »

,v(i; PN

ifor applications requiring significant low—grade, low-temperature energy
at a relatively high-energy density. Nonelectrical uses of geothermal
energy include. - SO s e e
l.r residential and commercial uses{for space and water‘heating, space
cooling, augmenting water supply, waste treatment, refrigeration :
4 and deicing, S A o R
iiﬁ agricultural and related uses for hydroponics animal husbandry,
and aquaculture- B o B o
3.” industrial process ues for chemical production, pulp treatment,
- mining, drying, water desalination and distillation, mineral

recovery, and was te treatment, 8 ’

4f' balneology and tourism including health spas hospitals, sanitoriums,

and bottled water.-

Energy is consuméd for many purposes in comercial and residential areas
and &Késéjééééfré&&iéiﬁg ééiééféeiyxid&:témperataéé*1éveié;1éﬁch as space
heating, water héééiﬁgfiéﬁa &%}iﬁgi ééé éﬁifdbfé’éﬁa ﬁééé‘féf’géotﬁérmél
energy. Space or water heating and air‘conditioning may be provided by
a district Heating and cooling system in which thermal emergy in the form
of stean or water 1s distiibuted by a nétwork of insulated piping: Space
and whtet heating can’be accomplished with heat éxchangers, whilé cooling
can be provided by an absorption cooling ‘system. -The diStfibution;net4:

work is capital-intensive and can be a major portion of the total system
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cost. Transportation and distribution costs will depend'onimarket-size; ' o
fluid temperature, load density, distribution from the geothermal field

to the market, and complexity of the system for distribution and disposal.

‘Warm geothermal waters may he used tovestablish and maintain optimum
temperature conditions for plant and animal cultivation. The primary
agricultural application for geopressured geothermal fluids is hydro—
ponics. Hydroponics includes the use of geothermal fluids for green—
house heating and Plant irrigation. The purity of the geothermal fluid
is important in direct soil heating applications. By using heatrex- |
changers, heat may be transferred from theAgeothermal fluid)to‘water,
which can"bevdirectly used on crops. However, climate along the Gulf

Coast is mild, and frost prevention would have low’priority.' Winter and

summer greenhousing to maintain optimal growing conditions is feasible. Q.j

Geothermal fluids may also be used in animal husbandry for heating,
cleaning, sanitizing, and drying of animal shelters. There is evidence
that some animals respond to an optimal thermal environment with,in-

creased production, growth rate, and feeding efficiency.

“Aquaculture is the practice of cultivating aquatic species_under_conf‘
_trolled environmental conditions. Geothermal fluids may be used to
maintain optimal environmental conditions year-round and promote in-

creased{growth and feed efficiency.
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For :agricultural operations to be an attractive ‘geothermal utilization
‘market, the supply systém must be inexpensive,:the agricultural opera- .
tion must be intensive;:6r the agricultural-utilization must be secondary.
In general, .it has been.:concluded that;unleSS‘agricultural operations. are
very ‘intense’ and: coordinated; agricultural utilization of geopressured -
fluids ‘independent 'of:a majorsbase:load'willibe~uneconomica1,because;of~
the very large fuel plant capital costs.? Large scale hydroponics opera-
tion with heating, air circulation, cooling, and product processing may

be economical.
v : _f, [T :

M S

Industryﬁrenuires electrical energy, direct heat, and process heat.’ Geo-
thermal resources suitahle for nonelectric applications can provide 7
‘process steamland moderate; to low-temperature process heat for such
applications as heating, evaporation, drying, distillation, refrigera— ‘
tion, sterilization, washing, and deicing.' Heat may be transferred from
the geothermal brine to a working fluid or used directly as flashed steam.
Industrial complenes could consume as much as 50 MiWe equivalent per ‘plant.
Geothermal fluids may also be used to derive raw materials such as salts

and valuable chemicals for industrial use and development.

o

Energy-intensive industry is concentrated quite heavily in portions of

the Gulf Coast, and there may be substantial potential for direct utili—
zation of geothermal heat from geopressured reservoirs. Direct use of N
the thermal energy may bewthe only economically viable way to utilize’ .

the 1ower-temperature geopressured aquifers. Successful ‘industrial

"utilization will depend on the technology available for resource

N —
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utilization, the location of -the resource with respect to existing and -
potential markets, and the economics}of“utilization;~ Industrial utiliza-
.~tion ofgeopressured energy requires that the fluids be located within .
~less than 50»mile8'of,the~industryrand that the fluid disposal'capacity
be: located reasonably. close by. Table 3.2 listsvthe‘posSible industrial
applications of geopressured geothermal fluid in the..Gulf Coast region.:

3;2;2;25*Construction>and“operation'

Development of the nonelectrical geothermal resource will inyolwe resource
'Aexploration and assessment drilling of wells, nd field development.
Resource exploration and well drilling will be similar to the descrip—
tions in Sect.v3.l. The number of wells required will depend on the non-
electrical application, the well performance,‘and the system design. .
Flow rate and performance of a particular well will depend on therfluid
volume in the aquifer, the permeability of the formation, the physicalV‘
restrictions of the drilled well and‘piping, and the type of completion
equipment. Energy for nonelectrical geothermal applications may also be
provided by the effluent from geopressured power plants, if the by-

product waste water has sufficient quantities of heat.

Nonelectrical geothermal energy systems could include gas separators, a
hydraulic turbine, a main pipeline from the well or wells to the distri-
bution system, a distribution system, a steam separation system, heat B
exchangcrs, a collection system, and a disposal system. The components

of each nonelectrical system will depend on the nonelectrical application
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<. Table 3.2. Potential industrial applications of
h geopressured resources on the gulf coast

1 cn}}me‘ ‘con\tr'ol i
.. District cooling and heating with cooling accomplished
by absorptive or compressive processes

2. Industrial applications .

Sugar cane refining
"2 ‘Paper manufacturing - :

Sulfur recovery by the frasch process
‘Petroleumm and natural gas pipeline pumping
Processes requiring low-level process heat
Cold storage and frozen food preparation ;. :

~ Water desalination

2.1 Ajr Feduttion and liquefaction process plants | 7 ¢
Lumber and concrete block curlng kilns

Mo g

3 Secondary appl |cat|ons

Secondary recovery of petroleum '
“ Makeup for coal siurry pipeline =~ "~~~ <
Makeup for power plant coolmg Iekes

Souroe G. K Underhnll et al Proceedmgs of Second ’

. Surface Technology and Resource Utilization, Center for,
Energy Studies, University of Texas, Austin, Feb. 23-25,
1976. .

Pl
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and the system design. In general, construction of a nonelectrical . k_#
system involves the assembly of piping in varying sizes and installation

of valves, regulators, meters, expansion joints, and controls necessary

for reliable operation of the pipe network. Heat expansion will he con-

trolled with bellows, slip'jsintsQLOr U- or Z—shaped joints. Thelsystem

must be thermally insulated to’prevent excessive heat‘loss and temperature

drop. Some insulation materials may present health hazards and should be

" handled carefully. Pipes may be installed in' many -ways — from burial in

concrete trenches to burial of prefabricated pipe within a pipe contain-

ing insulation in the annulus. The system design must include a means

for pressure control and gasfreeovery.< Where wellhead pressure 1is not

to be reduced, the entire system must be designed to. withstand expected

pressures. Wellhead pressure may be maintained in the system to be used

" for injection of the waste fluid.‘,Alternatively, the system may be -
designed for initial pressure'reduetisn by a hydraulic turbine or other

means before enteringvthekdistribntien system.. The gaseous portion of

the geothermal fluid consisting primaril§ of methane will be released as

pressures are reduced. The gases will be recovered with‘gas separators

and processed for discharge to existing natural gas pipeline systems.

The area disturbance and extent of impacts during construction will
depend on the ruggedness of the area terrain and the size of the non-
electrical geothermal system. Equipment for clearing, trenching, pipe
installation, and backfilling will be required. Operation of equipment
will result in‘minor air pollution and noise. Surface and vegetation

disturbance along the pipeline corridor will be unavoidable and could
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cause some erosion and siltation of drainage‘areas and surface streams.
Problems inherentTat,allyconstruction1sites suchras)fugitiyepdust, soil
disturbances and movement, disposal of construction wastes, materials

‘handling,.and impacts on aesthetic quality are likely to occur. In some
areas, construction of access_roadsﬁmay be reguired. Where piping must
pass through developed areas, considerable disruption and inconvenience
may result for persons occupying surrounding buildings or where traffic

interference occurs.
During operation,»the flow will pass through gas separators, and the
pressure may be reduced by hydraulic turbines or other means if required
The nonelectrical application system design may require flashing of the
fluid for direct use of steam, direct use of the geothermal fluid or

use of thelgeothernal fluid‘in heat exchange systems.

T

Environmental problems resulting from nonelectrical applications of geo-

pressured energy will be similar to those described for production of

electricity from geothermal energy.v Steam or hot water production and
utilization involves waste diSposal of geothermal fluids, thermal pollu—
tion, subsidence, triggering of seismic effects, noise, air pollution due

to noncondensable gases, ecological disruption, and aesthetic effects. W

These are described in detail in Sect. 3 1.
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3.3 . ENGINEERING RESEARCH AND DEVELOPMENT . = , : o g_;

Advanced driiling téchnoiogy will involve improved drill bits and auto-
mated rigs, high?température:drillihg;fluids, eiaStoﬁers; cements, and
down-hole sensors and‘difeétioﬁél dfilliﬁgﬁin hard fractured rock, Drill
bité:wiii be designed‘fdé;increéséd penetration rates, reduced bit wear,
aﬁd:ré&ucéd tfipwfimé ﬁo'mihimizé}driiiing costs and dfilling time. ERDA
ié curfénti&béuééoftihé‘réé;éféh'for déveisﬁiﬁg'an&lteétihgrﬁew drilliﬁg
equipment. Modern mobile drilling rigs capable of atféiﬁiﬂgidépths up"
to 4 km and equipped for rapid changes in drilling procedures as hole
conditiohs.chanéé‘aferto;be i;ve5£igéﬁed;;‘Thesewaeﬁéioﬁﬁénééréan reduce
the ;ofal release éfkéffiueﬂtsrf;om tﬁ; réséfvoir dﬁfing dtillingrgeééﬁée

of reduced drilling time.

Improvement of drilling fluidé, elastomers, and cements for high-
temperature use will reduce the risk of blowouts and casing failures
pfeyiously ééused by.deterioration of these materials at high tempéfa—
tures. Directional drilling in hard fractured rock ﬁill allow the
drilling of more than one hole ffom the same drill pad. This will de-
crease the hﬁmber of disturbed areés fbf drill-pad construction and ﬁ
reduce the amount of piping requifed.r ﬁbnto;iévdtiiling fiuids are(éiso

available and may Bé used to reduce impécts if necéssary.

Development of equipment and methods for well stimulation and down-hole

pumping to improve the flow from marginal wells could decrease the
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number of wells abandoned and reduce’ the ‘number of wells eventually

drilled’in a reservoir.

Equipment and technology need to be improved and developed for utiliza—
tion of the advanced power cycles.’ The Energy Research and Development
Administration will be supporting research associated with heat rejec—
.ition equipment, fluidized-bed and direct-contact heat exchangers for the

binary cycle, total flow systems (consisting of turbines handling both

steam and liquid phases), and down—hole pumps. In addition to equipment

development, research in brine chemistry, scale control, and materials

compatibility will be supported to cope with the severe chemical and

B i

thermal environment encountered with geothermal fluids. Equipment and

o

_techniques will be evaluated at field test facilities, pilot plants, and

demonstration plants.
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The .physical and biological effects of.geopressured geothermal energy. .
development may vary greatlygbecause of the variety of, physiography and

Fyegetation that may.be encountered. .Habitat types include, barrier

islands, marshes, and upland areas. Offshore environments have not.
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been included in this.assessment. .. . ;. .. i, -1gs o
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Much of the data presented in this assessment is preliminary and based
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!A;on few observations. This is especially true for fluid characteristics
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and chemistry. Further, most of the data that is available is from Texas

0l

At ey E .L

with 1itt1e data available for Louisiana reservoirs. Salinity and non-

:_',xJ,\‘.A., i > .—ri .).

condensable gases contained in the fluids may be greatly underestimated

R SO I s.i

if the analysis is based solely on this preliminary data. Therefore,

sl

this analysis is based on potentially less optimistic conditions for

AP SRS &

most development situations. o
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The direct biological effects of development on barrier islands are'%h

potentially small because of their 1ow biotic productivity, which re-'

sults from the combination °f salt SPraY and low water availability. o

The largest potential direct ecological effect is the forced abandonment

of seabird rookeries due to disturbance. Major indirect effects may

SV AR : it

result from the disturbance of dunes and their stabilizing vegetation.
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Hurricanes and tropical storms are common in this area (Sect. 4.3. l),
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the high winds and seas associated with these storms can cause consider-
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able movement of inadequately stabilized dunes and intrusion of seawater,

resulting in losses of vegetation and property.

4-1
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Salt-, brackish-, and freshwater marshesvare,common in the geopressured
region. These community types will experience the greatest impact from
development. Development activities involve either dredging for canals
and ponds or filling for roads and pads. Dredging destroys marshlands
directly by the removaland dumping of spoils and indirectly by changing
floW'patterns_and salinity regimes. ‘Dredging of existing waterways
displaces benthic communities and creates“turbidity-that“can'damage the
’respiratory surfaces of fish and zooplankton, bury or suffocate benthic
organisms and release buried toxic materials.' Dredging also produces’
spoils that must be discarded' disposal at sea results’in further'effects
Vonlbenthic‘organisms. Filling covers marshlands and can cause changes
‘in flow and salinity patterns that result in vegetational changes.
lErosion of fil1 and‘spoil piles can reduce productivity over an addi-
tional‘area. Coastal marshes are highly valued for their ability to iaf
dssimilate waterborne wastes;-absorb the energy of storms; support
waterfowl, furbearers, and other wildlife; and supply detritus to the
estuaries that serve as nursery grounds for marine‘fisheries. The use
of existing disturbed areas will reSult in minimal impact of the geo-

pressured geothermal energy development in these marshes.

vUpland areas will be.disturbed'less by development than will Wetlands.
The prime concern in uplands is the rarity of the biotic communities |
1nvolved. Because of existing agricultural development native coastal
prairie, normally expected in this region, has become a rare community
\type. A secondary but important consideration is the productivify of
:the land involved. Both agricultural and natural biotic productivity

are valuable resources. ' \-w
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iLocal:impacts:will vary seasonally in.some cased, 'such’as those involving
habitat:for overwinaering birds or breedingigrounds in:coastal marshes.
Such variations will be considered on a site-specific basis when needed

-

to mitigate impacts.
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Endangered species and thelr critical habltats are protected by.the.
Endgngered”§geeieeﬁﬁceke{ 1973. Federally listed threatenedyagd,enfrv
dapge;ed?epeeiee that;afe gddnd,injghe‘geopreasqred Fegﬁ°ﬂ,§F351?$t9d;
wvﬁi?ﬁ??b?9,2'§- Louisiana and Texas also have official lists of endangered

. wildlife.

4.1 RESOURCE DEVELOPMENT

Develdpment ‘of & potential geopressured resource area generally will ~
create potential impacts Of a ‘temporary nature that are less intensive

1.

than ‘those ‘of the“ﬁiiliéaiidﬁf$ﬁa§e. Thd' magnitude of impacts will be
a“Hinetion of th Naghibude of devilspmsne ettore (17e. iha misber of
" fest Holes, quantity of ‘personnel and equipment, and number of roads).
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The physical and biological effects of field exploration vary in degree,
depending on local conditions and the operation inmvolved, , Extemsive .
., drilling for oil and gas along, the Texas-Loulsiana coast has already

provided a detailed analysis of the area 5 geological environment, A .

thorough literature search and analysis of ,Previous. publications, aerial

- %

_ Photography, and drilling logs will reduce the peed for extensive .
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. .exploration activities. However, wheniwarranted, additional geological &_j

_or ‘geophysical surveys will-pose a-potential environmental impact.:-

4.1.1.1 Physical effects

Reconnaissance and geophysical operations will pose minimal physical
impacts. Loéal‘rééoﬁnaiégéﬁcé”teéﬁniqﬁeé éfe'brédominéntly‘édffaééAf'
oriénted “and vary ‘in their environmental effects. Geologicai and geo-
chemical ‘exploration have negligible impact; data are gathered on foot,

" “and ‘existing trails and roads are used when préétiéable. ‘If cross-country
vehicle use is warranted, temporary surface scars and local incfeéseé'in

erosion may occur.

Initialwgeophysical ggploratipn a;so has lit;levimpact., These surveys
inyq;ve:smallvcrews of one to five peqple, the use of one to three small
t;ucks, anq gg;ivitigs'tha; inq;udg gravity, magnetic,:resistivity,‘
magnetptellp;ic, radiometric, m;q:oseismicitx, geismicﬂpoise,‘apd ground
noise studies. Because vghicular traffic is generally limited to exist-
ing roads, physical impacts are minimal. However, establishment of field
camps and use of cross-country vehicles may create temporary surface scars

and local increases in erosion.

The later stages of exploration —-abfiﬁe‘seiémic;xéhallow;témpergtdré;;
and ‘stratigraphic studies -haVé'a soméwhat greater:pbté;fiél‘fof;phy;ical
impacts. - Active seismic studieé and'the~Hri11ing ofsshélibw4ﬁempéféture

' holes require five to seven trucks, up to 15 people pér;Site;‘tieVPSSSible

clearing of temporary roads, and a surface disturbance bf‘9?bjj9’ml(§0 by o
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45

30 ft)i' 'Where possible, drilling can bé minimizeéd by using abandoned -
seismic shotﬂhOleSAforfshallow—temperaturelobservation.uiStratigraphicv
holes-reaching to:a depth:of 760imf(25003ft)Lorcmorefrequire a greater:
site clearance of .12¢by 18 mi (40 by 60 ft), a portable rig,: three three-
‘fan crews, and intérmittént traffic:along existingor..cleared roads. .:
Reserve 'ponds ‘will be:hecessaryiwith-most drilling:activities.. ., -

. Condenlank st eoedoeh e vl
Thus, seismic, shallow-temperature, and stratigraphic operations have
potential short-term impacts;due,touii)fnoise,,12)viumes;released from

machinery, (3) accidental release of reserve pond contamination to sur-
SR 3 S mp ~Lg'gu’ o

face or groundwater, (4) accidental contamination of groundwater from ’

i i e 3y s EF AN B nUaTo
drilling, (5) use of localﬁwater resources for drilling, (6) increases
in'water turbidity,d(7) siltation of streams, (8) erosion, and (9) changes
in topography,‘aesthetics,‘and land use; Eacb oflthese impacts is con-
rtrollablesto an acceptable,level with proper olanning and management.*j

3 L RS E SR ISR I AR LAY Smr Toand dieriiole
4.1.1.2 Biological‘effects'ﬁudki&.pﬁ | ; )
DYRIni sl osvircivmgd coa sod peiiloun Dlaw Do

Because the Gulf Coast has been intensiﬁely explored by the oil and gas
industry, surface geologic exploration Shouldjbeylesskatensiveéthan\it

would be in other regions, and most of it can be conducted from existing

DA z EEFS ) ,;, EER N 5T ‘.H.: E ‘;5" AN DSOS T
roads and water courses. Biological effects should be small
MO ERERE TOA30 B To 2 N SN T PRI R SRRNLEIIE R EEROEP S I I SR SEE
Tians b ORTH £ 71 FooV I VORI QU Bt ol wrositenmin vl mded b Tew

Drilling for active seismic, shallow-temperature, and stratigraphic

"4( f i T
S E Lol

studies may produce significant local effects. Vegetation must be

SRS ST S P

cleared from the drilling pad (80 to 210 mz) and from any access roads
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that are .built.- Drilling‘in;wetlands involves dredging or -filling, - O
which*resultsTin,depletionﬁof»marsh,andzaquatic~biota. ; Because ofe

possible leakage:and:inundation of mudpits during storms or floods, - ;
-nontoxic:drilling muds:will be used where practicable, thus limiting-

impacts.: Although:ithe :duration .of:these activities is short, the . noise,

fumes, and general:level: of humannactivityrwill.displace waterfowl and

other wildlife from the immediate area.

4.1.2 -Test drilling and protection testing -

Four phases of exploratory well drilling follow field exploration.
well-site preparation, drilling operations, well testing, and well
abandonment; These activities have potential environmental impacts and
‘ require adequate controls and planning such as those contained in the
Department of the Interior Regulations 43 CFR 3204 1. The field de-
velopment that may follow consists of further exploratory well drilling
to define the geothermal field. Environmental effects are similar to

those of well drilling but are cumulative in nature.

4.1.2.1 -Physical effects

"Air,vwater,'and land quality may be affected by the excavation, drilling,
and effluents of exploratory wells. Water vapor and other gases may be
released into the atmosphere during uncontrolled venting and well test-
ing. Vented water vapor may affect ‘the microclimate of the area, and
during colder temperatures, fogs or ice may result. Potential noncon-

: P}

densable gases associated with the geopressured fluids include carbon
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dioxide; nitrogen; hydrogen, ammonia,:hydrogen sulfide, methane, ethane,
and ‘other hydrocarbons. . These. and:other gases may be present in suffi-
~cient -quantities to .degrade air quality or:create health hazards. ..
‘Vented .methané and hydrogen:sulfide will be burned off at:some wells,. .
thus releasing:sulfur dioxide. In addition, air quality may be affected

by exhaust emlssions released from:the-operation ‘of vehicles, idrill ;- -

rigs; and accessory equipmenti: ©c :oen eio Fri oo o
feMaren ool henst oon dalwa unMred puannloio s s ee il

The potential for affecting water:resources is also important.. .Con-:
struction of ‘roads ‘and:drill sites may increase siltation-and/or-:
turbidityioffstreams.:aAlong?coastal;areas}Zdredging-and;increased;boat
traffic: may ‘also influencé water:quality .and turbidity.::Thermal or : .
chemical ‘contamination rof -surface vor igroundwater mayFresult;fromzim—wéu
proper disposal of fluids, blowoutsi(Sebt.¢4.3.4);:spillage.landuleach-
ing of holding ponds and mudpits. Leakage is minimized when sumps are
lodatedntOPOgraphically4where:theyxatésnotfaffécted;byfrunoff;andswhen*
an ‘impeérmeable lining is:provided.: In-certain states,.the juse.of :hold-
ing ponds:isapermittedionlyéoniartemporary,basiSa:,Contamination:of;;;g
groundwatér:fr&m”well-éasingafailure insfreshwater,aquiféré,eaccidental
and : improper interceptionkof;artesianmaquifers;‘oruimproper reinjectién
’ofzhydrotherﬁalﬁfluidésare,other&poSsibilities;:aLocal;wétergconsumption
during drilling is'moderate.and requires an estimated maximum:of 12,000
gpdel vor ooan bood o Jbhovrioons a; iLN-WL7ﬂHSy: {2213“’*,g:t§ i

< iy = 14 iy Ty oUTI Y N T M ] o= H H T SRR A P
[P R0 £ 98 0 -t Sl S NN S B S SRS ST D IR s AL LTI E fe Y

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. - Drill 'sites generally require l.to 2 acres and no more
than 5 acres. -Both roads and-drill sites are .used throughout the year-
and are:covered with gravel and/or -0il, if necessary, to control erosion
and :fugitive dust. Alterations in:topography, increases in erosion, and
‘possible.landslides: are of greatest concern in. areas of high relief ..
whereisoils;are‘unstable.and:cut-and;fill methods are used. Erosion
can be léssened 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~f1uids.¢u1n addition, after proper disposal .of:holding pond
precipitates,.residual salts will inevitably remain in the soil and-may

cause 801l contamination caused-by leaching.

Exploratory drilling will also influence aesthetics 'and land use.. The
test site will 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 léssen scenic quality for several months in wet areas to several
'yeafs~infaridtareas. Noise from both drilling-and:venting operations
will reach high levels — up to 125 dB if unchecked (Table 4;1);,muff1er
systems and proper safety measures may be required. Land use may in=-: -
volve competition with agriculturél, grazing, historic, or recreational

uses., - -
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-1 L:Table 4.1. ‘Comparison of noise levels between The Geysers . :;
(California) hydrothermal resource area and other noise sources

Level :
Source [dB(A)] Distance (ft)
o7 e wiod on Lenoo The Geysers
.. Drilling operation (air) . . o126 o .25
“Dnlllng operation (air) TUes T 1500
. Muffled testingwell .~ L1000 25
Muffled testing well e TU1800 T
Steam line vent 100 50
Steam line vent 90 250
Comparative levels
Jet aircraft takeoff 125 £:2200 0
Threshold of pain 120 Average
Unmuffled diesel truck 100 50
' 11 iStreet cornerin‘a large city 5.7 gL : 1.1 Average
Average

Residential area at night 40

Source: Energy Research and Development Administration, An

. Assessment.‘of - the Environmental :Impact - of - Alternative' Energy ..

Saurces, ORNL 5024 U S Department of Commerce, Sprmgfneld Va

1974, ] eitenn wsrlivep
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Upon completion of all testing, the well will be abandoned if it is
unproductive. All equipment, drilling mud, and effluents will be
removed, all holding ponds wi}l be backfilled and leveled, and the well
will be plugged, as required, to prevent any fluid movement within the
well bore. The’areabshould;thenise resgeded and»geturngd‘to a natural

vegetation condition.

The impacts of field development are identical to those of test drilling

but are cumulative in nature. Because of this, more stringent control
T [T SIS Rt . .

measures than{those required during explorator§ dr1;1ing may be

necessary.

4.,1.2.2 Biological effects

Preparation.for-drilling involves creation of é suitable‘drilling siﬁe
and an access cokridor. In upland areas,.tgis involves clearance of
vegetation from aécesé roadsﬂand al- to 2—acré drill pad. Erosioﬁ éf
disturbed areas can réduéérfertility, émother low-iying vegetation,
abrade fish gills, and smother benthic organisms. In wetlands, dredging
and filling of canals, ponds, roads, and pads can have extensive direct

and indirect effects on vegetation and terrestrial and aquatic wildlife.

Drilling and well testing require disposal of drilling mud, cuttings,
brines, noncondensable gases, and organic condensate. A reserve pond
for drilling wastes occupies several hundred to several thousand square

feet, which must be cleared of vegetation and leveled. If nontoxic
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drilling muds :are used, ‘the results of leakage ‘or inundation of ‘reserve
ponds. can be :largely limited to siltation ‘and :turbidity as :produced by
-erosion. - If hot brines are disposed of by reinjection,i‘impacts will
result from the dredging of-another pond or the filling or clearing of
another pad and creation of another reserve pond. If evaporation ponds
are-used: for brine disposal, salt and:other evaporites may leach through
faultsuin-the:lining.or»be washed.out>by: abnormally high:water and
possibly degrade local terrestrial and aquatic ecosystems. Salinity and
-~ thermal’ pollutionproblems may result. from: brine disposal into:natural
.. waters..: The impact of salinity would depend:on’ the nature:of the
receiving water, . If a large body of saline or-brackish water was used-
for disposal and the brine nas properly diffused, the impacts could be
minimal because of the wide natural range of salinities to which the
coastal aquatic biota is adapted. Thermal effeCtsiwithin'theiplume
could result. Aquatic biota could be displaced, and dissolved oxygen

”would be lowered. Construction of canals or pipelines to carry the

AL RT SR

brine'to tne disposal site would result 1n destruction of vegetation;ﬂ
;:and 1eaks from thesertnuctures could contaminate watei)and kill ;,11_‘
vegetation. - x o
Noncondensable gases (Sect. 4.1.2.1) are unlikelégso Acéﬂmﬁiaég'éa tonlc
~levels because.of the-low production ratefofaaasingleﬁtest<We11;?the‘*F
instability.of air 'inithis coastaliregiou;fand“théfabsencé?of’circulation?
restraining topography. -Precautions will be: taken to énsure the health

and: safety:of workmen: " ‘In most cases}iflaringfthevgaslshould be

acceptable.
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?Workersiwillgalso.be protected ifrom .the noise levels that could result
from drilling and venting operations through the use of mufflers or ear
protection. :-Noise . and human'activity,'in general,: would drive wildlife

from ,the immediate vicinity of the operations.

;1While;restqrationzfollowingftesting-can;be nearly: complete in upland ::

areés,;it‘is;nnlikely that dredged .and filled wetlands can be restored.

The -impacts.of field development: and associated well: testing will be the
same as exploratory well drilling. ' Because impacts can accumulate within
a limited area, mitigation would have to be more intensive to prevent -

large total impacts.-

4.1.3 Field development

Thé iﬁpacts of field'deﬁeiébméﬁt are identical to those of test drilling
but are cuﬁulative in natﬁre; Bécause of this, more stringent controls
of erosion and fluid'and gas release than are required during exploratory

drilling may be necessary.

4.2 RESOURCE UTILIZATION

Potential environmental impacts of resource.utilization will result from
. the construction of distribution systems. and facilities -associated with
the use of geopressured geothermal energy, as well as with the mainte--

nance and operation of such facilities. Electrical and nonelectrical
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development involves many similar activities resulting in similar =
impacts. However, there are significant differences between electrical

and nonelectrical development, és described in the following sectionms.

4.2,}772;pe11ne construction o

“ Pipeline construction and ‘maintenance will create an extensive metwork
ovéf’éeveraiféqﬁare"kilé@éiéféf’ The ‘pipeline network for 'electrical use
of geothermal éﬁeré&“uéﬁéllyiﬁill’be7éupbdrted”éboﬁegrddnd to allow
design for pipe expansion. Pipe diameters may range 'from 25 to 60‘cm
(10 ‘to 24 in:), ‘and easements of 1.2 to 6 m (4 to-20 ft) may be cleared.

Cuq—aﬁdifiil fééﬁﬁiquesjof?1§ﬁdfi11aﬁéyfﬁé’néééhsérykiﬂ‘somE“instances.

, Piping’for:ﬁoﬁéféétiiéai‘hSé"df‘geothérmél energy will-génerally be
underground, similar to a utility system. Therefore, pipeline construc-
tfon will involve ‘cleéaring, trenching, and backfilling. In both elec-
‘fricdl ‘and nonelectrical development, pipeliné construction will affect
land, air, and water quality:. ‘These effects will be temporary and can
“be minimized by proper comstruction techniques, - ¢

[ -

The construction of pipelines within salt marshes will create new °

" engineering énd environmental problems. }Cdﬁéfrudtién'of‘hbb§egfbﬁnd'1
-lines would require extensive filling of marshland. Laying the pipeline
“in a' dredged ditch, 'as is dome by the oil and gas industries, would

' ‘result “in insulaticn and thermal ‘expansion complications. =~ "
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4.2.1.1‘7Physical effects

;Ph§éicai impacts of pipelinéé are similar Eo'thosé.of>fié1drde#elo?ﬁént
WithrréspeCtltd‘érdsion and possible land and water contamination. Pipe-
line construction will probably have an impact on land surface areas and
on air, water, and visual quality; increased noise leVéisﬁwillréccur.
These effects will be temporary and can be mitigated by proper construc-
.tion techniques. In association with electrical production, surface
pipelines require an easement up to 6 m (20 ft) wide and should be
locateé along roads, trails, or transmission 1inevrights—ofeway to .
~minimize their impact. The steam or water lines will form a surface -
network .and will disrupt 2.5 to 5.0 km? (1 to 2 sq miles) of area
surrounding each 100-MW plant; the possibilities of erosion and land

use impact are therefore extensive. Efforts to stabilize erosion and.
dust particles will be necessary. To monitor potential brine leakage
and minimize 1and and water contamination, pipes will be elevated two

to several feet above ground. Landscaping, vegetation restoration, and
camouflaged pipes will lessen visual and qesthet;c impacts. The pres-
ence of such facilities will probably restrict public access and recrea-
tional benefits in scenic and recreational areas. Although some surface
uses are disrupted, grazing and agriculture may continue among the

developed wells and pipelines.

Most pipelines associated with nonelectrical applications will be buried

to lessen maintenance requirements and visual and land use impacts.. The
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overall nétwork may be more extensive ‘than in electrical operations, and
‘monitoring may be ‘more’difficult; thus, ‘there 1&'»a‘ greater possibility
of brine leakage. Locating the lines ‘along’ existing rights-of-way and
reseeding the area after installation will minimize ultimate environ-

mental effects.

St

4.2.1.2 Blologleal effects

The cléaring’ of pipeline corridors will result in the témporary loss of
most of th&“vegetation.< Wildlife will'be displaced<from the corridor
"and adjoining areas)”and this displacement will ‘result in the death of
many residént organisms due to’loss of habitat. “Erosion should not be
a serious problem due to the flat topography of the affected region.
Dust production could block the photosynthetic and respiratory surfaces

of plants adjacent to the corridor.

s

Following recovery or replanting of vegetation, animals will reoccupy

the right—of-way.: Grasslands and agricultural lands should recover

Cier

quickly. Forest vegetation will not be allowed to return. In its

place, low vegetation will be maintained by cutting and/or use of herbi—

Cid?S:, Unless carefully used herbicides can affect nontarget organisms.

P JUTRT . i i B
PO IS At

Because the method of pipeline construction in marshlands can not be

predicted at this time, the impacts of such construction are also un-

predictable. Construction will probably involve either dredging or

filling.
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Pipelines may be ruptured during storm or .flood conditions that could .
cause the release of brine before flow could be cut off. This situation

could result in the localized loss of terrestrial or aquatic biota.

4.2,2 Site preparation and plant construction

The environmental effects of site preparation and plant construction
will be similar to those of many other industrial éohsﬁfuéfion prbjects.
Site. preparation will require the clearance.of abgut»é,hgf(lo acres) of
land. Removal of vegetation, movement of earth, dredging, construction
of;temporarftrpads.and buildings,,waste;disppsal.;operg;iop of,cqnstrug-
tion vehicles, and other construction activities will also pose poten-—

tial: impacts.

4.2.2.1 Physical effects

The potential impacts of constructing a geothermal power plant include
erdéion, reduétions in air and wéter‘quality, and changes in'laﬁaruée;:
Airxr pollutioﬁ;results'from:the opefétion of engines, burning, and
partiéulate prbduction frdm surface disturbances. Siltation and tur:
'bidify bf streéms may inérease due to erosion, and water quality méy'ﬁe
affected Bj accidental spills of lubricants, gasoline, or other sub-
stances. Changes in land forms and water channels may result from earth
movement or‘&rédging, and solid wastesyfroﬁ grading and construction
wiIlrréqﬁire propéfzdiSPOSal and stabilization. All these impééfg'céﬁ‘

be minimized by proper construction techniques.
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During construction, land -use will:be :temporarily or:permanently cate-
.gorized as:induystrial development.: Public use of the- land will be -
restricted in-the immediate vicinity.of the. site, although multiple. land
uses may be possible after construction. ‘It is;likely that :plants could
be built on agricultural land in such a way that the total acreage lost
would:not be significant :in: most ;cases, ng;theiplant:is located near
human habitation or an area of scenic or cultural significance, the
)visual and auditory impacts during construction are likely to be impor-
tant. Their acceptability will depend.on the magnitude of the impacts

relative to local conditions.

fifé>v2i{r3! N i r

4.2.2.2 Biological effects

-.iLarge-scale tlearing of.vegetation-during construction will result in
the loss of individual plants.and'animals inhabiting the construction
site. Noilse and other human activities will result in displacement of
animals from an additional area; the amount of displacement varies
directly with the density of the vegetation and inversely with the size

of the animal.b Erosion will decrease soil productivity and degrade

- -r;.:‘(.,

A aquatic systems. Dust production will be greatest in southern Texas,-
but will be 1east likely to have a significant impact on native vegeta—

Etion. Filling and dredging of wetlands for plant construction will

kresult in reduced productivity of both terrestrial and aquatic systems.

Further vegetational clearance may result if construction and human

ot

wastes are buried, if burned, air pollution may result. Air pollution
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from the operation of engines will probably not produce a detectable: \_j
biological*effeCt. Disposal - of :1iquid construction wastes- (e.g., oils,
'1‘concrete’washings)~could?bera—significant“source of water pollution if

" ‘not properly controlled.

These impacts will be controlled by site-specific:mitigation measures’

and proper:planning and construction techniques. -

4.,2.3 Transmission line construction:

The impact of transmission line construction uiilvdependlon locai-V

topography and vegetation. Though similar to the egfects described for

pipelines (Sect. 4.2.1), the potential environmental impact of trans;

mission line construction may be more extensive because of more extensive &ai

rights~of-way, road construction, and frequent maintenance. -

4.2,3.1 Physical effects

The physical effects of transmission line construction will be sinilar
to those described for pipelines (Sect. 4.2.1.1). Where lines cross low
natural vegetation, soil disturbance will result from construction of
access roads and tower bases. Access roads generally will be the major
sources of soil movement because of the need for grading slopes and cne
rutting caused by equipment traffic. 'Access roads could also open new

areas to recreational traffic, thus creating new opportunities for

motorized recreation while increasing potential erosion and pressure on

vegetation and wildlife.
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""" Towers and cléared rights-of-way Wwill be highly visible and could be

"' Jesthetically unacdéptable in'areas of High natural or cultural value.

“Where transidsdion' lines cross agricultural 1and, construction and
" ‘maintenance 't may- “také land out of production. “Locally, the lines and
towvers may affect the use;ofilaréeﬂaériculturalgeﬁuiﬁment;”rolling"

irrigation systems, and aerial application of chemicals, but generally,

they do hot seridusly 1imit’ these activities.” "~ "' " ¥
cornTiiBLy il
4.2.3:2-Biolopicaleffects ¥ SFTU L 0
sy boa o mnoiilbeos [ooobl o0 L dian sn L dnnbiigeed

lhe biological effects of transmission line construction include those
described for pipelines (Sect. 4.2.1.2). Where the vegetation is low
enough to pose no threat to the lines (coastal grasslands and agricul—
tural lands), the potential biological impact is reduced by clearance

‘ of “only the'access" ‘roads “and ‘tover bases. “It 1is unlikely that geothermal
electrical prdduction Will tequire transmission lines 6f sufficiently
high voltage to produce significant amounts ofkozonEfinitrogen okiaeé,

or induced fields or currents. Plant-to-grid transmission lines are
unlikeély ‘to hdve ‘phases suffiélently c1ése ‘6 créate an electrocution
f’ﬁazaré(to“eagleSfor{othéf 1£rgé{51id§£51iiﬁéé‘énd’é&wéfé”ﬁ£y,ﬁﬁoﬁévef,

migratorynand?wintering'birds‘attractedkto salt”marsheSi“'tJ"
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PR CTE U O ANEeT o 00 BTG LDAJUW Ui e Ly e

4/2.4 -Electrical ‘produétion - -7 "FN mo (el el
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A typical plant size of 25 MWe has been assumed for evaluating the envi—

ail noiesiod BL8

ronmental effects of plant operation. Impacts may result from geothermal
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fluidﬁdiqusal,hnoncondegsable;gasg§,“npise,_gndm;ooling tower discharges.
These effluents can affect land, air, and water quality and are described
in Sect. 3.2.1.3. If uncontrolled, the groundwater and surface hydro-

activity may be affected by plant operation.

e R

mOperation of an electrical power plant wil}fpyesgn:‘potential impacts
on land and water use; air and water quality; wildlife; vegetation; and
scenic, historical, and cultural features.‘APosgiblgugny;;ﬁgmeg;alﬂ:'
impact will be dependent, in part, on local conditions and the'magnitude

TR

"of plant operations.

"4.2.4.1 Physical effects

The physical impacts of a geothermal plant may affect land and water.
use and . air and water quality, and they may.induce subsidence and/or .

[N

faglt aqtivita:ion.

ygndiuse'during the production period would be changed from agriculture,
‘grazing, timber, fish and wildlife habitat, or,ﬁecreatiqq to industrial
operations. A hypothetical 25-MWe plant would-require 4 ha (10 acres)
of land and an espimateq:lo to 12 producing wells in the surrounding.
area.l! The total land disrupted would therefore be a minimum of about
4.4 km?2 (1.7 sq miles) per 25-MWe plant. Majqryscepigms;gments would
be impaired because of the dominance of wells, power plants, pipelines,

" “cooling towers, steam plumes, and transmission lines in the area.
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FIﬁdugtrial dpératiohs'an&“restrictéaApublic’access would further limit
rééréatfbﬁél}hhigtofibal;’dhdfCUltdfhlfuéés.*ngriculture,~brazing, and
‘timbefAacfivifiéﬁ»wdulﬂ”élsd“be’diSbeted;7bhf'cduldfcohtinue'bn a
reduced compatiblé’ basis, @i

During;Plaqt;Opgraqiqn,_w;thdrawal of . geothermal fluids may cause the
groundwater and surface hydrological regime to change and may influence
water availability in the area. Approximately 55,485 n3 (45 acre-ft)
of water Per'ﬁéééWétf”ﬁér’&eaf’is”lbsf’atnThe’GéYsefs’frdm cooling
towers.2 ~‘Often, 'this' requirement is suppli&d by the condensate from
“‘geothermal operations; however, some local conditions and all binary
E"éys"t:elri'.s" will require ‘the use of fresh water for cooling from local sur-

“'face or groundwater sources. Additional water ‘may be necessary for re-

injection when significant volumes of steam are released to the atmosphere.

The impact of such withd¥awal and possible ‘thermal impacts are of potential

“‘importance, particularly id localities where the water demand already

*‘exceeds groundwater recharge.’ When desalination’is dséd,fldéalvwater
‘supply Ebﬁi&'iﬁcféasé:' e

cepdnoinran boo Ievozoilions oy miveh b

- -Potential impacts.on;local.air and water:quality also exist,.depending

on the effluents produéed by.the geothermal well. These effluents in-

clude geothermal fluid, noncondensable gases, noise, and cooling system

'discharges.

D0 E PULFFEN S R S B S 0 A BASIER S S A A 3

7«2 :The ‘chemical ‘composition of ‘géothermal fluids varies with each well
'~f(Tabie33:1)1 Brine :dischargesat thessurface'mayfcauée soll and water

contamination and ‘increases in stream turbidity and sediment load.
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- During production, .the transportation of large volumes of hot saline
.. fluids will be necessary. - Pipelines, open canals, or natural water
channels may be used. When fluids. are reinjectéd, pipelines from the
plant to the disposal site will create relatively small environmental
effects. The release of spent‘geothermal fluids to surface waters or
land will require technical as well ‘as legal evaluation on a site-

specific basis.

Transport of fluids ;n éana1§lor natural channels may be used if the
geothermal waters are disposed of offshore or in bays, lagoons, or
estuaries. However;rthg possibili;y of effluentjrelease‘is:highgr for

. open channel flow than for closed conduits. Systems of baffles or other
‘mechanisms that increase turbulence gnd mixing will be necessary to pro-

. mote cooling of the hot fluids. 1In addition, any open channels, temporary
storage pits, or pits.tb;retain accidental spills will require lining to
seal them off from the surface alluvium in aquifer recharge areas. If
evaporation ponds are used, the leaching of improperlyvdiscarded salts
could alter soil and groundwater gonditions. Groundwater sources may

also be contaminated during the withdrawal and reinjection of fluids if
isolation is not maintained by prOpérly cemented production and ‘injection-

well casing (Sect. 4.3).

Air quality during production may be affected by the escape of noncon-

&ensable gases associated with geothermai steam: carbon dioxide, carbon
monoxide, hydrogen sulfide, methane, nitrogen, and ammonia. : Constituent
- .composition and concentration will vary with each well; therefore, inde-

pendent analyses may be required to determine which substances are.

o
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present -and how many exist ‘at potentially toxic or nuisance levels

. (Sect.-5) . 'Methane, hydrogen sulfide, ammonia, and carbon dioxide are

. ‘of primary concern. However, current compositional analyses of ‘the °

‘gaseous “‘effluents in geopressured reservoirs are incomplete.: Future .
studies may-‘yield other gases whose concentrations will pose environ-
' mental, saféty;’ or health 'hazards, @ = % uolviod o

T

Methane is cle;rly the most abundant noncondensable gas within the geo-
“pressured fluids. It is estimated that these waters will yield an
average of 40 £t3 of natural gas per barrel of watér. Because of its
presence in 'such 'large volumes; the methane most likely will be isolated
-"and stored for: future use.-!'Methane-is ‘lighter than air and generally
will not-collect locally excépt during stdgnant air conditions. :Even-
tually, methane will oxidize in’the’ upper:atmosphere.’:Whén not stored,
methane and its contaminants (e.g., hydrogen sulfide) probably will be

" burned offzfmajdr7pr6ducts!ofathetoxidation are carbon dioxide and water
from the ‘methaneand sulfur dioxide“and sulfur:trioxide from the:hydrogen
veulfdde. o0 1 Lo b lan el ounln vean e i Ivonup leaciil Ll

dnnegiz il
”':Hydrbgen3sulfidefemi%éiohs associated with methane may:-be a major con-
”“stituent’bfﬁgeothermalséffiuents.EECharécﬁerized by airotten-egg odor,
hydrogen sulfide is considered a health:andASafetjfhazard{atLievelsﬂ>
greater than 20 ppm (0.002 vol %) and a nuisance at levels as lqw as
0.025 ppm:? ‘- The diluted ambient!air' concentration will vary:with each
"well and should: be estimated on'a case-by-case:basis.::When vented to

the air or burned off 'with:the methane, the gas 1s readily oxidized to
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sulfur dioxide and sulfur trioxide. All three compounds . are readily -
-soluble. in wate:;and form a large number of different acids, :including
both sulfuric and sulfurous acid.  Most of the gas and its products‘will
be:dispersed:by adequate ventilation and ultimately will be washed. out
by-rain, forming potentially corrosive raindrops. However, hydrogen
sulfide is slightly heavier than air and will accumulate-to -nuisance and

toxic levels during stagnant air and air inversion conditions.

Ammonia may also be present. It is characterized by a pungent odor and
is regarded as toxic at levels of.50 ppm (0.005 vol %).2 . Ammonia is
‘. -1ighter ‘than air and will not collect loéally, although it may have
some impact during air inversion conditions. Readily soluble in water,
~-ammonia will form ammonium hydroxide, which, ultimately returning to
...earth as rairfall, acts as natural fertilizer.
Carbon dioxide is a major constituent (by volume) of the noncondensable
~geotherma1.gases‘and_is considered toxic at a level of 5000 ppm (0.5
vol %).2 Additional quantitieé may also be released to the atmosphere
as a by-product of oxidized methane. Although adequate ventilation will
-lessen any: major local impacts from carbon dioxide, the gas is of$g§eater
.density than air and will collect :in terrain depressions during stagnant
air or air inversion conditiomns..
Noise levels may varyﬂdurihg,production.rdepending on the number and
type of operations being conducted.  Unless checked, the greatest levels

.0f noise:will be produced during drilling operations, Other major .
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factors include ‘the noise-from well venting:opérations ‘[up to-100 dB(A)
gt 15'm]y mechanical-draft:wet=cooling towets  [up to 60 dB(A) at 300 m],
as diséﬁééed”laterfinithis“seCtion; and ‘overall:electrical generation
operations! ‘Thesé factors: are-additive and could create 'high noise
intenSities*exceedingfnuisance*oripainbthreshold levels (Table 4.1) if

uncontrolled. ' 47

In addition to land and water use and effluent impact, other effects

“'develop as operations extend over several ‘years. -Wells will be abandoned

“and“new wells will'be drilled; tested, andfpreparedéforEproduction.‘ The
potential énvironmental dimpacts ‘of ‘these activities will be similar to
those previously ‘discussed in:'Sects: 4.1.2'and 4.2.2.

S D

Subsidence TR S

‘Production of geopressured water in Tertiary Gulf Coast sediments has
the potential for causing land subsidence. Although geopressured fluids
~are not presently being produced, estimates of land subsidence can be

« made by simple mathematical models or by examining the subsidence

attributed to oil and gas production on the Gulf Coast.

TS T eI W Lo S SOVRP RSP

Kreitler and Gustavson3 describe three independent methods for estimating

the amount of reservoir compaction. Two of these methods depend on (l)

« e SR

’the sum total thickness of many thin mudstone layers within the sand

e SRS SO L;

- aquifer and (2) the amount of pressure decline during production. The

e
i:.m‘:un STl

third method considers 1eakage from confining shale strata.
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- The firstgmethod(estimatesgpotential compaction of.geopressured mud-

... stone by multiplying the cumulative mudstone thickness by the long-term
(ultimate) decrease in porosity.. If the initial and final fluid-
pressure-overburden ratios are known, the ultimate change in.porosity

~can.be obtained . from Fig. 4.)l. -Table 4.2 tabulates.the expected. com-
paction at various pressure declines for three wells in the -Armstrong

field and a geopressured fairway of the south Texas Gulf Coastal plain.

- The -second ‘method uses the concept of specific storage, which calculates

; potentialhcompaction as the product of pressure decline and a constant
-of proportionality.5 :Application of .this method leads to compaction -
estimates that are about 400% greater than those of the first method.
It should be emphasized that compaction estimates will increase for

greater mudstone thickness and pressure decline.

In the third method, Papadopulos et al., using Hantush's "lesky aquifer
theory, estimated subsidence in an idealized conceptual reservoir. |
Subsidence is calculated by determining the compaction of the enclosing
shales. An idealized reservoir is described in Table 4.3. Itrconsists
of a thick sand}aquifer enclosed by'upper andhlower confining shale:
units. Although it was acknowledged that interbedded mudstones within
-the sand aquifer would be a factor, they were not considered in -
Papadopulos estimate, which was considered crude.r The time required
for subsidence of the enclosing shales was about 105 years. Predicted

subsidence for the idealized reservoir ranged between 1 and 7 m for well
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~ Fig. 4.1. Relationship between porosity and depth of burial for
various walues of :A: (fluid-pressure — overburden pressure: ratio) for
an average shale or mudstone. Athy's curve (A = 0.465) 1is assumed to
represent "compaction equilibrium" condition. 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 Geothermal Energy Conference.
Volume V. Légal, Institutional and Envirommental, University of Texas,
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Table 4.2. Potential reservoir compaction in Armstrong field

.~ Compaction (Am)

N nes - -
Well No. et. ";l:)s tones Porosuty change (% 1 ) 5
- : ' : Pressute decline (psi) 100 © - 600 -1000
 Armstrong§ 70 - SR 07 1 35
Armstrong7  © . 113 T ) 1 S22 57
Armstrong22 -~ 146 ‘ .18 30 7.3

~“Source: C. W. Kreitler and T. C. Gustavson, ;’Geotherr;\ai Resbqrces of the 'I'verx’as/Guylf 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 Umversnty of Texas at Austm, 1976. '

Table 4.3. Potential land subsidence over Armstrong field

Subsidence ({Am)

Net mudstones

Well No. (m) ‘ Pressure decline (psi)
100 500 1000
Armstrong 5 70 103 - 0.5 1.3
Armstrong 7 113 04 08 21
. 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 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.
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spacings of 6 .to 3 km respectively. .:These well spacings are very wide
indeed.::Papadopulos’.estimates are -for subsidence of an entire geo-
pressured fairway using very widefwell_spacings,gwhereas«Kreitler'and
Gustavson's compaction estimates® for the Armstrong field were for

localized -areas -surrounding conventionally spaced wells.

e

. Kreitler and .Gustavson believe that compactional :strain-cannot be .

directlystranslated‘int0¢lahd subsidence at the surface. Geertsma8 and

-..'Finol .and ‘Farouq :A1i9 ‘have shown that for equal amounts of reservoir

ccmpaétion,fland subsidence will diminish as the reservoir's lateral

- ~-dimension -decreases :and its .depth increases. . Table 4.3 gives the sub-
- sidence estimates ‘for ‘the corresponding  compaction estimates of Table

4¢2¢° Because -the lateral dimensions -of Papadopulos' idealized conceptual

reservoir.are veryulargelinirelation;to depth, compaction can be trans-

1 :lated more or less directly into :land subsidence. : -

EL N SN

‘... ;Herrinl0 describes :a:fourth method for estimating compaction. -He i -

assumes 'that the major portion of compaction is caused by the compressi-

bility«ofgthezsand aquifer. =~ He eétimates,thatg&during;che~20—yearslife

axyofiaqgeneratinggplant;:the:wellhead;p:essure will,decline‘by.4375 psi

for;a;2640ff;:thickzsand;aquifer,;fHerrin assumes that two~thirds of -

~-the-total -compaction is:caused by lateral pressures. :Using this method,

Herrin estimates subsidence to be 3.6 m (11 £t).
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‘The above ‘discussion suggests that methods for estimating compaction o
are still a matter:of‘debaterand that a thorough compaction analysis

should include elements of. each approach.

The time frame for compaction should also be considered. Because ‘the
drainage path is very long and the permeability is very low, geologic

time will be required for compaction ‘of the enclosing shales to run its
‘course. ' The permeability of interbedded mudstones is.also low, but

the ‘drainage ‘path is short; hence, compaction of mudstones ‘may be essen-
tially complete in a few decades. Finally, compression of the .sand ..
‘aquifer takes place rapidly because of the high permeability. - The above
analysis contains uncertainties because little is known about the effect
-of ‘exsolution of methane, osmotic pressure, and other molecular forces

on the flow of fluids through fine-grained materials.!! Thompson and k—f
Gray12 reviewed rock mechanics theories for predicting subsidence. This
approach assumes elastic behavior and a continuous region of subsidence.
Gulf Coastrsediments, however, do not behave elastically, and geopressured
reservoirs are likely to be terminated by growth faults. While rock

- mechanics might be a viable approach, soil mechanics seems to-be more
appropriate because it assumes plastic behavior of the:substrata. - Knapp
and Isokraril3 describe the time dependency of reservoir performance;

‘their methods could be used to predict subsidence as.a function of time.

According to Christian,* predictions of subsidence have been much

smaller than the actual amount that subsequently occurred. He cites
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the Long Beach, California, oil field as an example. . Christian attributes
problems in settlement prediction to. (1) difficulties in obtaining un-
disturbed samples, (2) insufficient knowledge of the details of strati-
fication, (3); uncertain fluid pressure measurements,. and (4) uncertain
estimates of silt .compressibility. . . . ..

¢ ST L BE R st

There appears -to be ‘uncertainty concerning .the amount of pressure de~
cline ;to. be :expected during the :1ife of an elegtricAgengrating plant.'
Herrinl® anticipates a decline from geostatic to hydrostatic pressure .
(5000 psi or greater). On the other hand, Kreitler and Gustavson3 have

not estimated compaction.for: pressure declines greater than 1000 psi.

~;There .does seem .to be a tacit assumption -that only .a small percentage

(3.5% has been suggested by Herrin), of the total reservoir water will

feverqbeqused;,;hat»ig;greservoirrpressgrgfwill,never,fall belqw'hydrq—

,static pressure. . i .31

Dorfman and Kehle' believe that, if abnormally pressured reservolrs are
‘Produced by depletion -rather than cycling,. they are economical.only if
between .6 and :16% of .the total water produced is derived from dewatering
-of interbedded mudstones and interstitial clays..  .This could lead.to.-
substantial subsidence. Aﬁ-example is the shale dewatering.in the

Pasadena section of Houston, Texas.l® Subsidence exceeds 2 m (6 ft)

-.and -exposes -the :naturally low-lying area to extensive flooding.. . The

Pasadena experience .is not -analogous to. the geopressure.case because .
production was from a shallow groundwater aquifer. Nevertheless, it is

H . ~ Y ~ B ? A}
PRSI S S S Soa gl IiEn e sl :
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i

 a vivid example of the damage that can result from subsidence of -

‘populated areas within the Gulf Coastal plain.

?Achrding'to Kreitler and Gustavson,3 oil and gas production from -the
Chocolate Bayou field, south of Houston;;baused:a'30fcmfsubsidence'be-
tween 1942 and 1973; Production took place between -2438 and -3962 m.
Much ‘of the subéidence ocduried during a period of maximum gas' produc-
tion (Fig. 4.2). The gas was produced from a geopressured zone; ‘data

for pressure decline were not given. SR BRI

The effect of' subsidence probably cannot be mitigated. Evidently, no
attempt to maintain reservoir pressure and mitigate subsidence by rein-
jection is under serious consideration. Presumably, reinjection into
the geopressured reservoir against high wellhead pressure (5000 psi or
more) is considered impractical, if notrself—defeating, in ‘the recovery
of geopressured energy. Reinjection into a shallower, normally pres-
sured aquifer may bé feasible for disposal of waste fluid but it has
doubtful merit as a subsidence mitigation measure. - Perhaps it will be
necessary to limit geothermal development -to marshy regions, but even
there the aquatic ‘ecosystems are likely to be severely altered if ‘sub-

sidence occurs.

T6 summarize the above discussion, there is general-dgreemeént that sub-
sidence can occur; but reliable estimates for subsidence have not yet
* been ‘developed.  Also, there are no known mitigating measures. 'Addi=

tional research on this subject is required.
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Fig. 4.2. Comparison of rates of subsidence to 61l and natural gas
production from Chocolate Bayou oil field between the years 1942 and
1973. Production rates of oil and gas from Texas Railroad Commission.
Source: C. W. Kreitler and T. C. Gustavson, "Geothermal Resources of .
the Texas Gulf Coast — Environmental Concerns Arising from' ‘the Produc-
tion and Disposal of Geothermal Waters," Proc. 2nd Geopressured Geothermal
Energy, Conferenee. .. Volume V.. Legal, Insintutwnal and. E’nvwomnental
University of Texas, Austin, Feb 23-25; 1976,
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Fault activation

There are numerous growth faults;invtbe_Tertiary and Quaternary sedi-
ments of the Gulf Coast, many of which extend to the surface. Their
natural rate "of movement is so slow,’ however, ‘that erosion and sedi-
mentation destroy any fault scarps that might/otherwise form‘at the
surtacei HKreitlerIG has mapped -their surficial expression tbrough

subtle éeomorphic features (Fig. 4.3).

"3“

gMany geopressured reservoirs are terminated by growth faults (Sect. 2.1),
Ewhich can be reactivated by compaction. These faults are alwaxs down
;to the coast, and all movement takes place on the downthrown:side.r If
vgeopressured water is produced within the downthrown block, the result-
iing compaction will be translated to the surface by fault reactivation.
,because-no motion occurs in tbe upthrovm block, reactivation will
accelerate differential settlement between tbe blocks. This could
rupture pipelines and well casings or damage building foundations,
canals, and‘other cultural features of populated areas,, Figure 4.4
illustratesrfault—controlled land subsidence for the SaxetAOil and Gas
field (near Corpus Christi, Texas) and the Chocolate Bayou field

~mentioned in Sect. 4.2.4.1.

Reinjection problems

Reinjection will be conSidered*primarilyvfor theipurposeiof_fluid waSte
disposal. The principal investigators3’1°’17 propose to reinject waste

fluids into shallow saline aquifers.
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Fig. 4.3. Coincidence of active surface faults with surface traces
of extrapolated subsurface faults, Houston-Galveston area. Note location
of Chocolate Bayou oil and gas field. Source: C. W. Kreitler and
T. C. Gustavson,  ''Geothermal Resources of the Texas Gulf Coast —
Environmental Concerns Arising from the Production and Disposal of
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" Fig. 4.4, Fault-controlled land subsidence for the Saxet and "'
Chocolate Bayou 0il and Gas fields. (a) Land subsidence over Saxet
oil and gas field, Corpus Christi, Texas. Benchmark 589 over the center
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Note coincidence of differential subsidence with lineation and surface
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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 Geothermal Energy
Conference. Volume V. Legal, Institutional and Envirommental,
University of Texas, Austin, Feb. 23-25, 1976.



4-37

ququiferSJdeeperfthan'1000 m (3000 :ft) but ‘above the geopressured zone
are considered to be,the~best~availablé-areas for reinjection because
of their presumed high salinity. ‘A number of highly saline sand bodies
are ‘available at intermediate depths.*»1l  Furthermore, Schmidtl!® :states
that geopressured wateis of the: Manchester field, Louisiana, are
‘moderately saline (16,000 ‘to 26,000 mg/liter TDS), but are less saline
than overlying normally pressured water (600 to 180,000 mg/liter TDS).
Herrinl® reports low salinity (2000 to 6000 ppm) in the geopressured
‘zones ‘of ‘south Texas but about 20,000 ppm (less than nbrmal&sééwater)
near CorpGSfChristi;ffDo%fman?and;Kehleyimaintainfthatrdiagenetic‘
-‘changes of mbﬁtmdrillbnite;to illite’é;itémperatureS~abov2¢120°C

release: freshwater’ from ‘enclosing shales, which decreases the salinity

-1 ‘of the geopressured sand aquifers.: Magaral9 attributes this freshening

to ion filtration by clay minerals as the water (released from mont- -
~morillonite) passes ‘through ‘the shale. i

Kreitler and Gustavson® caution dgainst ‘the assumption that ‘low to::"
moderate salinity will prevail in all geopressured zones. They point

out that;édﬁtéminatioh*from‘ﬁeatby~sa1t>ddmesumightlproduce a highly-

**ﬁsalineféqdiferat?Halbbuty?Qfstétes that ‘salt domes &dre numerous east

of ‘Houston, ‘Texas. ' On the othérwhand,fnoisaltﬁdomes%havelbeen:found.
west and south ‘of Corpus Christi, "except near ‘the Rio Grande River. "
A commercially viable génerating facility will require between five and

ten wells, each prqducing334,000vbb1/day,3ﬂwhiéhimustabeadisposed of.
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In theory, reinjection would seem to be -the most environmentally. accept-
able means of disposal. The fiuids would have an impact only on the .
--immediate surroundings of -the geothermal: plant. Other alternatives,
such as ‘disposal in estuaries, coastal bays, :lagoons, and open sea,
\require pipelines. and canals which extend the affected area (Sect.
4.3.5)+  Furthermore, these areas might be unacceptable sites for dis-

posal because of the high temperature and salinity of the waste -fluids,

Reinjection will require extensive exploration of -the disposal aquifer
to determine. feasibility. According to Kreitier and,Gustav;son,3

15 x 108 bbl of saline oil-field waters were disposed of by reinjection
in Matagorda County, Texas, during 1961. This is equivalent to one
month's production of geopressured fluid for a single electrical generat-
ing site. Injection depths for 43 wells ranged from 450 to-2165vm ,
(1480 to 7100 ft), with injection pressures ranging from 0 to 1000 psi.
Only two of these wells had high disposal rates: (1) 6000 bbl/day at

800 psi and (2) 10,000 bbl/day at 300 psi. Many reinjection wells
require high-surface pressures to dispose -of relatively small volumes

of water. One well required 800 psi to dispose of 150 bbl/day. At the
highest reported disposal rate, 20 to 40 disposal wells would be required
per generating site. According to Dorfman and Kehle,“‘the East Texas
Field-Salt Water Disposal facility reinjects. 540,000 bbl/day (6000
bbl/well). This facility serves the largest gas field in North America.

_A single 100-MW plant producing between 200,000 and 400,000 bbl/day

would require between 35 and 70 disposal wells.
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»-In-an article entitled "Brine Disposal," an anonymous author stated
that two;drilling and service organizations believe that a reinjection
rate between 20,000 and 35,000 bbl per day per well is technically
..:feasible.  There was no indication ‘as.to how this could be done. The
--author implied- that oil companies have:neverxdeveloped the capability
because there haé-been no apparent -need for such high reinjection.
‘rates.?l:-In any event; if the disposal reservoir is not well explored,

-+ full-scale:production may.result in surface spills or plant shutdown.

.Furthermore, scaling of ‘reinjection wells and plugging of aquifers is
--1likely to develop as affuncﬁion of time. Silica, calcite, and anhydrite
are the ‘principal scaling agents in geothermalfluids."22 Exsolution of :
-carbon:dioxide gas at reduced pressure and mixing with more alkaline

waters will decrease the solubility of calcite.

It might be feasible to;miﬁigate disposal problems by desalination.
‘Desalination has been proposed for the south Texas Gulf Coast plain
where a .genuine need exists.?3 :-:Carlson et al.?3 believe that desalinated

water will .not be competitively priced in:the near future.

4.2.4.2 . Biological effects . -
Tﬁe'ﬁioidgiééi effects of electfiéal.brsduétidn are direct products of
the effects on air, soil, and water quaiity déséribed iﬁ Sect. 4.2.4.1

and the loss of habitat described in Sect. 4.2.2.2. Habitat loss will
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be somewhat less than that during the construction period because of the

. reestablishment: of vegetation ‘and the reduction of human activity. -

The effects of the use:and dispoéal_of,geopressured fluids depend on the
content of the fluids and methods of handling. .Analyses of actual geo-
pressured resource fluids are unavailable, but analyses of water from
‘within-the geopressured zone indicate a wide range of chemical composi-
tion. The concentrations presented in Table 3.1 are typical but incom-
plete and therefore do not represent either an average or an extreme
case. Salinities are generally believed to range from moderate to high
~-(8000 ‘to 72,000 ppm TDS).3 However, Dorfman and Kehle' interpret elec-
trical logs as indications that geopressured reservoirs will yield
relatively fresh water (TDS < 5000 ppm), which could be used for irri-

gation after minor desalination.

As described in Séct. 4.1.2, geopressured fluids may be disposed of in
natural water bodies, by evaporation, or by reinjection. Construction
of evaporation ponds would require destruction of a potentlally large
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 use of permanent evaporation ponds is now barred by

the Texas Water Quality Board.3

Disposal into natural water bodies is potentially feasible. Problems

of saline toxicity could be overcome by diffusing the wastewater into a
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~{'ldrge ‘coastal water ‘body. ‘The biota ‘of these waters 'is adapted’to wide
“‘natural Variations in salinf{ty. Unless Wastewaters are cooléd before
disposal, ‘théir ‘rélease ifito surface waters is ‘1ikeély ‘to violate -
Section 316 of the Fedéral ‘Water ‘Pollution ‘Cortrol Act ‘of 1972 “and fe-
lated state regulations. The ocean and large bays may provide heat
“ginks ‘of addquaté ‘sizé ‘to prévent damage to bicta, but in some areas of
geopteééhféﬂ3fé§6ufé€§f*§uff#ce*téﬁﬁéiéthﬁés?6f3coaStaI*Watefs may
' naturally ‘éxcéed ‘suggésted maximum’ambient ‘temperatures.’ Wastewater
can be carried to the disposal site in pipes;fdiféhes;’or natural "
channels. Pipes can be laid on the ground surface, buried, or sunk in
¢ a“dredged’ channel: " No ‘major effects ‘should occur ‘due‘to thé ‘operation
"of a“pipeline unléss «a ‘leak ‘or break ‘oécurs. ‘Until the ‘leak is dis-
covered and the plant “shuf down; thé hot ‘saline ‘water could kill vegeta-
tion and aquatic organisms, Saline water would leak through the banks
O ‘Sfed Wasdtewates ‘chandéls; "nd the Chnriels would éventually become
borderéd ‘by-salt-télérant ‘végetationi ' Such ‘channels would ‘probably not
- gupport “a fﬁé&foécép“ifc ‘aquitic ‘biota unléss they were “long enough-to’

“allow ‘the watér to cdol:isuvary wiominyg fo oo Ll rar=n fonglionio;

1

U £ TP B TR o ¥ A L ween Toraeed Ve Tiov < ey e S -
LERI ATy LTLL ERTLITINE S8 e R C I IR T Tiy o 'iiag dspiitpsr iy i RIS~ ST RS P I

. Disposdl ‘of ‘wastewatef in saline ‘aquiférs éan reéduce both toxid effects
and the potential for subsidence. Although this method would require
thé drilling of “additional Wells (see Sect: 4.1:2); no significant ‘bio-

logical effects should result from routine?opefétidﬁ}??‘f

"Because "of 'the “absence ‘of “air-restraining ‘térrain features ' and the -

‘rgenefal instability of ‘e6astal “air, matural gas-releases should-not: be
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1serious. , Because methane is combustible as well as toxic and will prob-
to workers. - Precautions similar to those undertaken at natural gas -
,production;sites;will»be;;nsti;ugeq;asfrequired.,_ o

- The continuous noise .associlated with an operating plant will not likely
have -a significant -effect on wildlife. The general. level of hyman .
activity will have more .effect than, the noise level in preventing use of

the plant area by wildlife. .

-The biological -effects of condenser .cooling will result from salt drift,
fogging, blowdown disposal.from towers and ponds, andﬂimpingemegt, en-
trainment, ‘and heating.from once-through cooling.

Drift of salts from towers and spray ponds may affect sensitive plants
in a. localized area around the tower. The amount of drift deposition
and the area affected will depend on the size of the generating facility.
Agricultural crops will be of primary concern, particularly whgre.irri-
gation has resulted in salination of soils. Salt marshes and other

coastal :vegetations.are adapted to high levels of airborne salt. . .

Release of water vapor from towers and ponds is unlikely to:have: sig-

nificant biological effects.

If blowdown is not reinjected, it must .either be evaporated in.holding

-ponds, -which would result inrsalinationfof_sqil;,o;Hreleased,tquna;u:al
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water: bodies; 7 In: addition to. concentrated minerals, blowdown can contain
biocides and chemicalSrtohcontroliCorrosion;fscaling, and hydrogen sul-
fide. This water is potentially toxic, and its release must be carefully

P N

controlled.

LS I L EI T S

fhe use ‘of once-through cooling £or geothermal plants is potentially
"”iésgiaaéégiﬁg“ihﬁﬁ'ié’igzféf‘&“ébéiffiféa’ar'ﬁﬁéiéaf;pléﬁt'sécausé‘the
" smailer ‘size ‘of géothérmal plants and lover stean temperatures could
e make lower intake velocitieé”ooesible, with reduced entrainment and
impingement mortality and reduced thermal effects in the receiving
water.’ However, this cooling method is potentially ‘the most damaging
to aquatic systems, and the requirements of Sect., 316a and b of the
" Federal Water Pollution Control Act of 1972 have greatly reduced its

use. Once-through cooling “is most frequently ‘used where large bodies

A ann i

Of Water are available. R S IR eI

As discussed <in -Séct. 42,41, land ‘'surface ‘subsidence is'a possible
result of geopressured resource:development:: Subsidence:could easily
result in the conversion of coastal marshlands to permanently aquatic
~gystemss’ Loss:of marshland decreases habitat-available :for:the many
it wildlife ‘species:that inhabit.-it:(Sect:2.4). ! Marshlands are also an
“fﬁimportant:economiézresource?as.fishabreeding;grounds;fsourdes:of:ndtrient
.5 input-toicoastal ecosystems,: andidirectly as.shrimp-fisheries and other
.commercial and. sport: industries. This :loss.would ‘not:be:entirely re-
.»placed :by ‘subsidence.6f néw:land -to ‘the-level of:tidal inundation because
. ofttheiuse.Of?dikes:along?thevupperredgerof marshes.: It is possible, but

P
[N
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“-less likely, that subsidence would affect: other vegetations (e.g., : -

f.riparian forests) due to changes in water, level. .

4,2.5 Nonelectrical applications

Nonelectrical uses of geothermal energy include residential and commercial
., uses, agricultural uses, industrial process uses, and balneology. The

have been considered in previous sections. Renovation of existing utili-
zation systems for none;ect;iggl‘geqthegmal.energy‘or’constructionyqf new

utilization systems designed for nonelectrical applications will be required.

The gegthe;mal reservoip must be located near the resource use: to use
geothgrmalveggrgy economically for nonelec;;iqa} purposes. As geo~
pressured reservoirs suitablerfor nonelect?ical applications are identi~
fied, industrial, commercial, and residential developments will be
constructed in the vicinity of the geothermal fields. -Some of these

reservoirs are not now located near developed areas.

Environmental impacts of -fluid extraction: and distribution for nonelec-
trical geothermal applications: are essentially synonymous with those for

‘electrical applications, with the exception.that pipeline systems would

. "1ikely be much longer.with increased complexity for fluid distribution.

However, the extent of the effect will depend. on location conditions,
the nature. of the use, and-the methods employed. Nonelectrical energy
production may stimulate secondary industrial, commercial, and residential

development; the effects of this growth will depend on local factors.
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“‘In -addition to the impact created by ‘developed sites of geopressured
geothermal ‘production;, ‘industrial or agricultural complexes constructed
in these‘regions*maY’inCrease‘the‘impact‘on land, air, and water 'quality

as well, <7 TR

C4,255.1% Physical ‘effects: v Lo et

PSR S

Physical effects of nonelectrical applications areisimilarttolthose of
electrical production (Sect. 4.2,4.1), but generally they createwless'
extensive impacts.: Prior to operation, the exploration, drilling, and
development of wells specifically for nonelectrical operations will be
similar to that for electrical production, although some wells may be
drilled at shallower depths. o - o
':Thedextraction and‘use of geopressured fluids for nonelectricaliuses‘
.involve impacts similar torthosetforvelectrical production -waste
disposal, thermal contamination, and possible subsidence and induced
seismicity. Piping will be more extensive and therefore may create a
greater potential for leakage of brines. Mnch of the piping will be
subsurface, thus minimizing aesthetic impacts. Deaerators will be -
neceSSarY'to’remove“dissolved*gasesiprior/to transportation -of the geo-
thermal fluid: this will also’ contribute’ to noise ‘and ‘aesthetic:impacts
and‘could teduce alr quality. ~Because current technology has:little -
ierpérience‘in”the“1ong¥distance7piping%of hot water, possible safety:
,hazards?may exist when highitemperature?water~is1pumped:under“pressure

over large areas.




b

A wide range of potential nonelectrical uses is possible (Sect. 3.2.2.1).
The most common .uses now and in the immediate future are .space heating
-.for homes -and commercial structures and heat and water sources for .
greenhouses. Both uses employ relatively low-temperature fluids wnich
can be carried by buried pipelines. In urban areas, these pipelines can
follow existing utility rights-ofdway and avoidisignificant ohysical‘and

aesthetic impacts. Gas leaks from pipes could result in reduced air

[T oT s R
R

quality.

dthervnonelectrical uses of hydrotnermal energy include aquaculture,
desalination, industrial heat, and warming feedlots and other animal"
culture systems. As the cost of other forms of energy increases, -
industries could be attracted to areas of geopressured geothermal
reglons that are not currently industrialized. Because of stimulated
industrial activities and increased population density, local reductions
in air and water quality may result and water availability may be |

reduced.

4.2,6 Eguipment development

-Because the power cycles and drilling techniques will be similar for
all geothermal resources, most results of the extensive equipment . -
development : program being carried out for the hydrothermal resource
development will be directly applicable to development of geopressured

resources. These include extensive heat exchanger and total-flow
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system research as well as down-hole testing devices.and;other equip-

ment. The principal resource—specific equipment needs are pressure—
;'resistant drilling and well completion equipment, gas separators, and
R SRR v 3 I

a hydraulic turbine. Equipment development projects could be carried

out by universities, private laboratories, or national laboratories.

No testing sites ‘have been designated. ; -

Iz o

Impacts associated with the testing of such equipment will be similar

'\. o

to those of the operation of a hydrothermal electrical generating plant
except that the tests will be shorter and will probably have fewer

B operational impacts. Test facilities will have to be refitted period-

ically for new experiments and for performance testing. During testing
of:new equipment, there may be a greater likelihood of escaping geo—v

: thermal fluids or other accidents.

PR -
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4 3 ACCIDENTS
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Accidentsiarefdefinedginfthis;reportgas1unplannedmevents that may:occur
.;-naturally or result as:afbxfpfoduct<9£,sspthermal;résou:ce development.
};Q?expsstségsabﬁidencexfnatutal;hazardg. earthquakes, casing failures,

,and blowouts are examples of -accidents as defined above. ..

{ i H . Toowse € - . . - a g - i - PR DU SN . S
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The effects of subsidence have been addressed in Sect, 4,2, ..A discussion
of environmental concerns arising from the production and disposal of
geopressured waters is presented by Kreitler and Gustavson.® Much of

. the material in Sect, 4.3 is extracted from their work.
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4.3.1" Natural hazards

Kreitler and Gustavson3 list severalrnatural hazardsbthat are significant
in geopressured fairways of the Gulf Coastal plain. Among these hazards
are shoreline erosion, stream flooding, hurricane flooding and winds,
and‘expansive soils. These hazards have the potential for damaging geo—
thermal installations, and in the case of flooding, they are aggravated

by subsidence. Damage to geothermal installation by natural hazards may

result in leaks, spills, and because methane gas is present, fire.

'Kreitler and.Gustavson provide data‘on the frequency of occurrence and
7intensity of floods along the Texas Gulf Coast. The Colorado River of
‘south Texas has completely filled its floodplain about once every nine
years since 1913, and the Nueces River has covered its floodplain about
once every 4.25 years for the past 56 years. Since 1912, 12 storms with
hurricane force winds (119.4 kph or 74 mph) have struck Corpus Christi
and surrounding geothermal fairways. Hurricanes Carla and Celia brought
~ winds of 242 kph (150 mph) ‘and 282 kph (175 mph) to portions of these
fairways. Hurricane Beulah produced 11 tornadoes in the vicinity of the
Cérpus Christi'fairway and was accompanied'by 76.8 cm (30 in.) of rain.
Hurricane storm surges as high as 6.7 m (22 ft) can be expected. Much

of the Texas Coastal plain is less than 25 ft above sea level and thus

‘- "is vulnerable to flooding (Fig. 4.5). - St SR

Sediments of the Texas Coastal plain have a high content of expansive

clay soils. The dominant clay mineral in these soils 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) will

occur in any one year in a 50-mile, segment:.of .the ‘coastiline. ; Source:.

R. H. Simpson, and M. B. Lawrence, Atlantic Hurricane Frequencies Along

... the:U.S.: Coastline,: NOAA Tech,:Memo, {#NWS SR~58, U.S. Dept..of Commerce,

Washington, D.C., 1971.
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- which expands upon wettingland contracts upon drying. The buried founda-

'tions3of’structures areMnormally kept dry_by proper disposal of rainwater

> and well points, but accidental wetting can develop pressures in excess

: of 142 metric tons/m and cause fractures and differential movement.-‘

: This problem can be partially mitigated by proper construction

. techniques.

S 4.3.2 Earthguake'hazards‘

: Natural earthquakes are not an important environmental hazard in the

o

; Gulf Coastal plain. Figure 4. 6 indicates that little or no. earthquake

" risk exists throughout the geopressured fairways‘of the Gulf Coastal

. plain.

Man-induced earthquakesrmay be a minimal risk, depending on the manner
in which geothermalioperations develop. There appear to be no plans -

at present to reinject waste fluids into geopressured reservoirs (Sect.

1 4.2.4.1); therefore, pressure decline will take place.: Evanszu showsrthat
" the frequency of induced earthquakes is directly related to increased
i‘reservoir“pressure (Fig. 4;7) Declining reservoir pressure, on the

‘ other;hand,.will.stabilize the substrata. Nevertheless, disposal into

- normally pressured shallow aquirers at high injection pressures (up to

1000 psi) (Sect 4.2.4.1) 18 seriOusly being considered Reinjection at

high pressure “into shallow aquifers, in combination with compaction of

-* the geopressured reservoir,umight reactivatefgrowth faults (Sect. 4.2.4.1).
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Fig. 4.6. Seismic risk map of the United States. Source: Wyle
Laboratories, Scientific Systems and Services Group, El Segundo, Calif.
Seismic data taken from TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap. 13.
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- -Reactivation of .growth faults.does not necessarily imply.that the risk

. of seismic;damage will increase... Numerous growth faults.of the Gulf
Coastal plain are of Tertiary to Holocene age. . Many of them are
probably still active. Strong earthquakes have not been recorded in
this region because the strata along the fault zones are too weak to -

accumulate significant quantities of strain energy. Slippage along

L‘;'.{ :’tfj._‘,

reactivated faults.might be accompanied by microearthquakes that are
below the threshold of detectability. Human awareness of this slippage
fi.will be expressed subtly in terms of gradual subsidence.‘ N
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4.3.3 Ruptured casing.“hé

Casings: may rupture during the production stage in. two ways:. (1) sub-

oy vve

sidence and fault activation related to withdrawal of fluids and (2)

PO T

corrosion; A cement liner around the casing is intended to. contain the
fluids if a casing failure occurs. However, large displacement along a
reactivated growth fault (Sect. 4.2.4. 1) could also rupture the lining.

Furthermore, hot acidic brine will decompose most cements over a period

-

of time - The Gulf Coast oil industry has not experienced major problems

GEEHG o : :
with destabilized field wells along reactivated growth faults. The

X8 e sog it

industry also has little experience with the copious quantities (40 000
bbl/day/well) of fluid to be withdrawn through geothermal operations.

If the casing ruptures in a groundwater aquifer, contamination of potable

R ¢ - s oo

-water and waste of geothermal energy will undoubtedly oceur because the

eii oo oo lnn dzes

reservoir fluids are geopressured If rupture takes place in the

‘#'enclosing shale or in a highly saline aquifer overlying the geopressured

,‘,,,x.’," ‘,i i FROES RIS NN S r_,,.*‘,"gf" S R
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zone, :‘1little or no damage ‘to: the ‘environment will result. ‘In the latter O’
case, geothermal ‘energy would be wasted, and in any case, the well would

have to be recompleted.

4,3.4 Blowouts - . Ui oweiio 00

Blowouts can occur during exploratory drilling, field development, or
full—scale production. Although the petroleum industry has developed

sophisticated blowout prevention equipment against any known eventuality,

malfunctioning equipment, human error in judgment, or negligence occas-

ionally can lead to blowouts. Kaufman?S writes:

Geopressured‘zones have been expensive nuisances to the oil

and gas producers. In earlier days blowouts were- frequent,

and objectives which involved drilling through overpressured’ )

zones were delicately abandoned. The problem has been greatly o
" studied and techniques for predicting and penetrating through

such zones are now available. (But no driller likes to play
- around with the hazard because of the high pressures and -

temperatures encountered.)

Blowouts are most likely to occur during exploratory drilling when
little is known about reservoir conditions but they also occur during
field development. During full-scale production, they are most likely

to ‘occur when workover rigs are replacing worn—out casing.‘

Blowouts can also occur if the casing ruptures at a shallow depth. The
blowout may actually reach the surface along a growth fault at some dis-
tance from the well site. Blowouts caused by casing or blowout preventor

failure are controlled by cement injection through directional relief -

wells.
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Directional relief wells do not completely solve the problem of blowouts.

They take time to drill, and the cement and grouting operations are

(SIS
i &

often less than satisfactory._ For example, a shallow offshore Louisiana

well blew out uncontrollably from a geopressured 20ne at 13 900 ft,

i

yielding hot salt Water at a rate estimated between 80 000 and 400,000

;gt;‘?'\,

bbl/day until it was finally;brought under control, after about one

( H

month.25 Another well in Vermilion Parish Louisiana (near the site of

a proposed geopressured pilotlproject) blew out in July 1971 under a

wellhead pressure of 4000 psi 15 After 10 hr, the well caught . fire

(presumably by combustion of methane) and could not be capped. The

. well was brOught under control four months later by pumping cement

‘nl -

through a directional relief well. A leak developed and in another four

~,<)‘0 i
‘1 “;

months, the well blew again. Discharge of brine continued for two years

before the well was brought under control thrOugh a w0rked—over relief

well, The blowout was caused by a technical error in handling surface
‘f '!fj
equipment rather than by an: encounter with uncontrollfble subsurface
z : ;
conditions. grﬂ -
i

Z§§
5

H
i

Berman?6 discusses conditions: hat 1ead 6 blowouts in ‘geopressured

wells, Many of the follow1ng§ideas are extracted from his text.

Very careful planning is required to preventwa b10w0ut in a geopressured
zone, Figure 4.8 111ustrates some’ ‘important considerations that vary
with depth- (l) predicted pore pressurefinyequivalent mud weight, (2)
drilling mud and casing specifications, and (3) predicted drilling mud

weight that produces hydraulic fracturing of the wall rock. On Federal
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lands leased for geothermal'exploration and development, adequate-blow-
out ‘preventors must be inspected' and ‘maintained, and regular blowout: -
‘Yehearsdls must be condicted in ‘accordance with GRO Order 2.27 !

ety e o RN e - R S U
t H : : I : : i FAC Y

The ‘weightof ‘the drilling mud is determined by the predicted pore -
pressure as‘a’ function of depth:’ ‘If a'high-pressure zoné is encountered
at 4n unexpectedly shallow depth, the drilling mud may be’too- light; and

a blowout may occur.

On the’ other hand; 1 a Casing is set too'éhéllow;~thé“héaVy.driliiﬁg
jmﬁd’mé§L6r1Ve“itselffihE6“éfnoiﬁali§gpreSSured?sahd‘aduifeerélow the:
base ‘of ‘the casing. - Comsequently, circulation will be lost. It is "~
“hecessary to set the caiingbelow the ‘deepest normally ‘pressured sand
aquifer but above the éébpféééhréd:zbné;”fThié-méy involve a narrow: -
range of depths”in’which casings can be 'set without %iékingja*blowcut'

0¥ lost e¢irculation. ' ¢ 4

Lost circulation is not as severe a problém as a blowout, but it can
neverthéless lead to sérious economic consequences.: A'gecond, smaller-
&iaméter3bésiﬁgistfiﬁg¥mﬁéi?bé“inSérted”throﬁgh'the“firét’to?éeél'off~ |
the normally pressured sands.” Too ‘many successively telescoped. stages
of casing ‘st¥ing lead to early 'abandonment bfitheﬁWEIl?aboGé;the 6Bjéé-
tive horizon because the‘ﬁroduétion string diémeter would be too small

PR

to’yield the hecessary’economic flow rate: | i Ti roizuos el
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_After the.first casing string is successfully set, the weight of the \_2
drilling mud must be carefully:controlled.. . If the mud is too light,
the danger of blowout exists. A mud that is too heavy may fracture the
wall rock below the bottom of the casing. As drilling mud surges into
the fractures,; a b1§wout could occur despite the heavy weight. .Below.
: ~about-14,000 ft,.the weight of the.drilling mud must occupy a narrow .
. ..range between the expected,pore!pressure,and,;he‘hydrgulic_fxactu:e .

gradient.,

As. the depth increases, shallower formations,withiﬁ the geopressured

zone must be protected frpm‘hygrgul;c(fractyring;byrmeans.pffgdditional
smaller-diameter. (telescoping) casing strings. With increasing.depth,
the,weight,ofv:he;drilling,mud;mnst increasg,to,keep_pace with increas-

ing pore pressure. In the shallower part of the hole, between the end i;?
of the last casing string and the drill bit, the weight of the mud may

exceed the hydraulic fracture gradient. TQ protect the wall rock from

fracturing, overlapping casing strings are set.

At this time, the driller's judgment again becomes critical. If he
cautiously sets too many stages of casing string, the hple becomes too
narrow, and it may have to be abandoned before reaching its objective.

_1f the driller sets too few casing strings, the hole may blow out.. -

Careful selection of the initial hole size and casing diameter 1is per-
haps the most critical factor. If the initial casing size is large

enough, the driller will be able to use more casing strings and still _
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reach the target.depth.; Thus;;he will not.be forced to.choose between:
premature: ebandonment-and the .risk .of-a blowout.: & ;. -c oo o
AccordingktofBerman,?5»withdrawalﬁofgthe,drilling mud ; in;preparation . :
for bringing_the;we11~intoqproductionris;aﬁcritical;time,;:lflthe .

fcasingﬁisﬁweak,gitgwill.collapse because. there is. no. internal pressure,
to-counterbalance. the pore pressure, .Furthermore, Cromling?® states . -
that blowout preventors.are most .likely to: fail . during:the last:trip . .
out:of the hole.!: . rr:i we ebipis viorid sralvlost ansiy L oidiaro
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4.3.5 'Ruptured pipelines and canals;“a G wephes DT

Ruptured geothermal pipelines may cause intense but short-duration sur-

£t N l) \“ coprdd t, :
face spills. Whereas blowouts and ruptured well casings may be difficult

Cf e N PN e S f

appropriate wells and if necessary, closing down the generating plant.
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If reinjection proves to be unsatisfactory (Sect 4 2 4. 1), it might be

ERsStieli sidibaoss oo

necessary to dispose of waste fluids in estuaries, coastal bays, lagoons,

-
vyl ~-:;,..4,,.,

or open sea; Aside from the possibility.of~chenical and thermal pollu—
tion of these disposal areas, leaks might develop in the linings of
temporary settling ponds;.pipelines, and canals. By using distant dis-
posal sites, the area of environmental impact will be extended over a

wide area.
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In a“'plant’using’ a binary system, the fluid on the turbine-sidevof the" (-
heat exchanger may be isobutane or-some ‘other volatile material.' - Rup~-.

ture of an isobutane pipeline can lead to a potentially dangerous flash
firé:sﬁRisES'offfire'are'similarftoithose of ‘plants: ising large amounts

of natural gas. Withbut a heat éxchanger; geothermal steam passes’

through- the- turbine; and the''danger-of fire'is greatly reduced; however,
high19~flammabiefmethane?gasfis'an important by-product-of geopressure:

production.’ Although' 'potential ignitiontof surrounding vegetation is

possible, fires involving binary fluids or methane would beexpected to

be contained on site. Brush-control practices in areas surrounding the

generator plant will reduce the poteéntial for forest-and brush fires..’

e

4Many other fluids may be used in binary systems. Of particular note are

the various classes of chlorofluorocarbons, which in general have been

implicated as potential sources of catalytic agents which may accelerate

decomposition of stratospheric ozone.29 30 Release of large amounts of

these chemicals is not expected to occur except during accidents. Even
under worst-case conditions, the potential release would amount to far
less than lZ of the total world annual output of chlorofluorocarbons.

-1t
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coeld e a5 ECONOMIC: AND: SOCIAL EFFECTS. .. -

Thé”é%fé¢fsuﬁfiiﬁé:deﬁéiﬁpﬁ%ﬁﬁ and operation bf geopressured geothermal
energy ‘systems may include changes in population size, local economits,
" ‘avaflability of housing and services, employment level, aesthetics, and
other aspects of the'general“dualif§idfflffé;‘5Thé‘éffécté'w111'be“*“"

different for the different uses of the resource.

-The :magnitude:of ‘economic and .social .effects.depends on existing con-
-ditions including population density dispersion,: age structure, educa-
tion ‘and degree of. training, availability of services; and existing -
employment levels. ::Population density is an important -and readily . ..

. dvailable ‘social ‘dndicdtor. . Southern -Louisiana -(except for the.coastal
-marshlands)’ and :the .eastern coast :of Texas :generally have high to =
- moderate ‘population :densities rand a correspondingly high availability:
of labor and economic resources. Population :levels and standards of

living generally decline southward.!

o phiny prwy Ipstaiociones vot opobibiiant TNo o Caonrdos o

5.1 EFFECTS OF CONSTRUCTION ACTIVITIES = .

'**‘ThefsocialfefféctséofﬁtésourceldEVelopment.wiilvnotﬁbevsignificant until

field development 'and ‘plant construction begin. ::Even: then,: the effects

- ’on population and economics may bealérgé“only;inWSparselycpopulated:m

areas.-JStudies:of«SonomaﬂCounty;*Californiaw(ThemGeysérsrfield),tafa

Imperial County, California (East Mesa and Niland test sites),rand
AfSandévaléCouﬂty,?NedVMexico?{éxploration*andudrilliug’,=fdiled:tO'demon-
‘gtrate anyTlargé=scalevsocidecbnomiczeffecgs4bf geothermal energy 0
S = B VIR SRS R SRR

déveldﬁment:
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The peak local labor force projected by the Pacific Gas and Electric o
_3Compgpyzfor:;hg‘cpns::quion ofJGgysgrs pni;¢13ﬂis 80 peqple.z;,yh;s.

. Ancrease in employment will have greater effect in sparsely populated
;rarqag,gﬁiggingd1dr;;}iqg‘creyglargﬂ;gg@ily;avgilablevin_;he entire region
because of .the large oil and gas_inqqst;y.

Where construction occurs in developed areas, wages and money spent on
materials ‘and services ‘could make a significant local economic contri-
bution.. The Pacific Gas and Electric Company estimated that construc-

tion of Geysers Unit 13 will make 'a peak contribution to the local:. ' .

economy of over $1 million per quarter.? Construction .in sparsely - -
idevelbped areas will require the:impbrtationAofpmaterials-and labor from

a larger area, and, therefore, .the -economic benefits will be more dis-

persed. The percentage increase in local economic activity may, however, Q_/

be ‘greater in these areas. .

Construction of facilities for nonelectrical use will have highly vari-
able effects. Space heating for existing structures will require a
~relatively small investment and work force. Social effects will increase
~with the amount of construction required for the end use. - Because an
industrial project will generally be :larger than an electrical generating

station using the .same resource, it will have -a greater impact.

: The aesthetic effects of construction .will be both visual and auditory.
Construction noise will be similar to that of any construction project

except for the release of steam from wells and lines. Visual impacts
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may occur from constructién71n7a'preViously unindustrialized area.
Generally, the seriousness of aesthetic impacts will be related to the

number of people exposad and the perceived desirability of the project.

5.2 ';;.-F;.;&s o;-%"oéﬁ;;;}iaﬁ”

An operating geothermal electric plant requires a small operating crew
and will-thus have a sﬁall?effect on population; housing, or. services..
Because' thé génerating units operate:automatically, the entire array of
12 units at The Geysers is run by a 45-man crew.? ‘Maintenance’or the
drilling of new wells will result in a temporary increase in population,
similar to the increase that occurs during construction. Because of its
value and low associated demand for services, a geothermal electric
plant will be a valuable addition to a local tax base. Although such
plants will be a local source of relatively inexpensive electrical

energy, the energy may not be cheap or plentiful enough to attract

industry.

The existing nonelectrical uses of hydrothermal energy (e.g., space
heating and greenhouses) have small social effects. However, if this
resource proves to be an attractive source of industrial process heat,
the social effects may be quite large. Although industrial development -
may disrupt social structures and strain services, opportunities for
employment of unskilled or semiskilled workers will be particularly

welcome in southern Texas.
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¢ %6, MONITORING -~ 7
.The'éxteﬁfwanafdetailﬂbfbmonitoringfprograms'wiIl depend largely on the
* gize ‘and character. 'of the proposed activities, for example, electrical
generation vs process heat. The purpose of preoperational monitoring
programs is to gstablish baseline data on air and water quality, land
‘use, ‘terrestrial ‘and aquatic ecology, socioeconomics, -and geology so"
that %ffects-offtﬁéfp%oposéa operation: can'be separated from existing
conditions. i Also, specific problems associated with::these areas can be
'sdlved*by?design“orﬂsitéfﬁodificationszpriorntoifieId:development’and
construction. < Preoperational monitoring includes allfacfivities;up to
the point of usingfthe‘respurce. The preoperational:sampling program
1s extremely important because it'sets.the“accUracy and significanCe of
gll later sampling.
Operational ‘monitoring shoulchontinue:programssdevéloped“ﬂuring=pre—
opérétionalimbnitofingiaiAs'mbfevinformation’becomeséavailable; those:
prdgrams“thatishow”littlégéhange behauseiofithefexistence.of the .plants
can'beieitherideleted.bréédltivated.'**i ThGTE sl Rediine soston
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The'purpdéefbf.monitoringT§Sftb*ensure“earlynwarning ‘of malfunctions ‘and
mishaps’and“to:subsﬁantiaée orfdenywpotentiai‘sourées.bf-environmental
s#-lmpact. “Monitoring'mayvbéfcbnduétedfto*documenthnvirbnmental‘effécts,
ortabsence:thefeof;'relatedstondrillingbifac111tyiconstruction;%and:“

* production operations of geothermal resourceé. vapacts amenable to
monitoring include noise, air quality, water quality, radioactivity,
erosion, fish and wildlife, seismicity, and subsidence.
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Monitoring may be continuous or: it may take place at specified intervals
or during critical phases of development. The extent and frequency of
~monitoring will depend on the nature of the environmental effect being
monitored, variability of geology,.  terrain, climate, blology, .and other

factors.

Monitoring guidelines: for leases on Federal land have been established
by: the U.S. Department of the'Interior.? The:.guidelines are (1)

- monitoring of short-term localized impaéts»(e;g., noise) that are
readily,idehtifiedﬁand-associated+w1th.specific activities. on an indi-
vidual lease and (2) monitoring of impacts that cannot be readily
identified with an individual lease (e.g., water quality) or are - -

. regional in scope (subsidence and seismicity).

It is not always certain where a particular monitoring activity might be
most effective. For example, mercury vapor is sometimes vented with
other noncondensable“éases. It is readily washed from the atmosphere
by rain. It is then absorbed by clay minerals and hydrous iron and
mangaﬁese oxides in the upper few inches of soil.! In a sulfide-rich
reducing environment, compounds of mercury sulfideQare precipitated.
-Also, organic solvents form complex -ions with mercury, notably methyl
mercury.a'lh this form, it is ingested by fish and other aquatic
-animals. . A>monitorinévprogram considers both the total release and -the

fate of -effluents, paftidularly relative to known sensitive systems.



6-3

The extent and nature of monitoring prograis must be'determined for
each project, and ‘the' evaluation” of regional mbnitoring is the objec~
tive of ‘some ERDA programs now in’progress. '“The activities described
herei? are therefore typical and will not necessarily be all-inclusive

or apply to all projects equally.

T S S U =L A T Lk A [ 5 A R NS . A -,
R Teais St FEAD DAL LR Dy D IgIodw iy ol NI Einarn resifce a

Aiffmdnifbfidé’ihéiudéé;éaﬁpliﬁg“ét%tiénSWEhéﬁ"ﬁbﬁitbr hydrogen sulfide,
sulfateé:iand"péfEicﬁiéﬁééﬁ““Mbtérdldgiééf data (precipitation, humidity,
tempéféfhfe::étéf)*éaﬂtﬁé‘éﬁiléCtéd by onsite weather ‘stations. -
Information on inversion freéquency and long-term climatic conditions’
fﬁéﬁtséftéfriéVéd*%romiﬁéifﬂéf‘tébéé*bf‘tﬁé‘éloseSt*nétibhaIZWeather
staéiéﬂff}Tﬁéééﬁaété‘ﬁilf!ﬁé“ﬁséd”tdké31bﬁlétéﬁaisbers10n‘of’hydrogen3?

sulfide ‘ddd other pollutants to ‘predict ‘and delireate aréas of impact.

EASIAINE Tt AL (AR S AEE TP L D S 5 S E DA IR 4 SR U S SO SR SIS A S PSR BEFARE DA
DA N
6.2 LAND :

Vegetation in the area can be surveyed and mapped, characteriz}ng;hq )
various habitats. Vegetation can be sampled and analyzed for-ﬁeavy .
nidtats ‘and 411 foxins that ‘nay be Felddsed durtng'f1e1d development  and
utilization: " Important wildlife ‘can ‘be enumérated. - "Important" heré '
connotes species important commercially or Feécreationally; species that
are important components of ecosystems, or specles that are rare or

unique. Sampling can also include time spans that account for“Séééonal

variation and migration. >§91§1€r9@v5Pe9%f15 areas in and around the

PO . E
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‘

site can be analyzed for heavy.metals and other compounds that may be
released. . These data.will be used to relate impact to the surrounding
plant:and animal species and to set a baseline to follow chemical .

. accumulation in the surrounding enviroms, . -

6.3 WATER

Surface water quality in the vicinity and all waters that have fﬁé poféﬁ-
tial to receiVegrunofﬁ_frqm,the;dgyg;ppm89§ﬁgpd‘utiliggtion phases can
‘.bé~moni;qred._;Watervqgali;y,ipqpogs,poni;or;ngffo::teypgrgturg, o
salinityxlpu,;ﬁissolqu,solids,,tg:bidity,fbiplpgical oxygen demand
(BOD), chemical oxygen demand (COD), tqtal‘organics, heavy metals,
sulfates, .and other compounds that may bg released. Biologicgl sampling
(i.e., -samples of fish invertebrates and aquatic macrophytes) can,be
undertaken.to characterize ecology, trophic relationships, spawning, .
and production. These data will be used to relate before-and-after

effects on aquatic systems.

6.4 NOISE
Noise .can be monitored periodically at various points in and around the
site and at .some distance away to establish.background noise levels.

Potential topographical features that may contain noise can be noted.

6.5 GEOLOGY = . e aes o

Geoioéiéaii&éscription and characterization of the site will be under—"

taken as part of the early evaluation of the site. However, fault
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activation and subsidence can be monitored throughout all stages of
development and operation. Passive éeismic‘studies will provide a con-
tinual record of micro~ and macro-earthquake activity énd will display
any significant increases possibly caused by geothermal operations. In
addition, baseline studies can be.undertaken to establiéh ground surface
criteria to document subsidence. Both subsidence and seismic monitoring
will require sufficient baseline data prior to development to determine
whether any of the documented geologic effects are hatﬁrally occurring

or induced by geothermal opefations.
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£ 7. INSTITUTIONAL: CONSIDERATIONS .- -
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The interaction of the geopressure subprogram activities with local

SRS 3 B BT R R Tl A I

e e s e eyl eyt

state, regional and Federal plans and regulations requires evaluation
on a project-by-project basis as well as on a programmatic basis.
Institutional considerations will, therefore, be evaluated for each

project reduiring an environmental assessment and as a part of the geo-

pressure subprogram in general.

The principal institutional consideration is that neither of the two
states in which the geopressure subprogram activities are planned has
defined the geopressured resource, established its legal ownership, nor
prepared legislation for taxation or regulation of the resource.

ERDA will complﬁ with existing regulations as they are applied to the
geopressured resource and will offer assistance in establishing effec-
tive controls over the development of the resource. In addition, ERDA
will establish the compatibility of its projects with current and long-

range plans for the surrounding areas.

Other institutional factors to be considered are the lack of market
information for the resource, the abundance of gas and oil in the geo-

graphical regions of the geopressured resource, and the socioeconomic

changes associated with industrial development in previously undeveloped

areas. The impact of the entire geopressure subprogram includes the
effects of commercial and industrial development on these institutional

factors that may result in the future., One goal of the geopressure

7-1
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'subprogram is to supporttdeVelopment‘offbothithe technology and the o

methodology for minimizing conflicts between geopressured resource

——————

development and utilization and the existing activities and future

'
s Tiate

plans of the regions affected.
i . B S [
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The proposed actionchonsfstpﬁf&theﬁprogrammatic;subprogram of the -
Division of Geothermal:Energy {(DGE):£for:encouraging the development .
~-0f. geopressured ‘geothermal: resources consistent with Project Independence
Ji¢ goals.y:. Because this environmental; assessment,is limited to a programmatic
overview, specific:project: alternatives..cannot. be addressed in detail but
v illmust bei'considered:when an-environmental:assessment. is. required for a
i%ispébificfprojéct;guTherefore;fthe,alternatives;aédressed~hereinAarevthe
v programmatic! alternatives: of: (1) -no.action,. (2). delay. support of the .
Oﬁ§z?ﬂdeVE1bpmentfdffgebthermalireéource53,ora(3)‘delayfsupport=of the develop-

ment of geopressured resources.

8.1 NO ACTION OR:DELAY ‘SUPPORT: OF GEOTHERMAL PROGRAM - ;.. 17 .\

Aé,discuséedfin:Sect:algftherGeOthermal%Researgh;;Devalopment,;gnd
‘Demonstration :‘Act: of 1974:requires:.that ‘ERDA :support a program for
enicouraging the timely development of geothermal energy. Under. this
=ﬂmandaté5;the;alternativefdffnbtzpgrsuingsthe;proposed;actiops is not
open~to ‘ERDA.: :The :Act dlso-:includes -the requirement to support the
| develoymentﬁof:geothermalfenérgy:in:an;énvironpentallymsound manner, -
»Thisigdal:has&resultedvin%afsélectionvof:préjectssby.ERDA'that,emphasize
4environmentalkeffe¢tsLaSawglkzasstechnolbgicalsdevelopments, .:Thus,, the
x;i@rogramahasﬁbuilt71nto:it4the;mechanism for ‘changing .direction :or  for
f:tstoppiﬁgrspecificfprojedts:beforexirreversible;impacts&occur or . unpredicted

environmental impacts become significant. The current technology for

81
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using geothermal energy is such:that‘no?significant increase in development o
rate is111ke1y without added incentives for the developers. If these
incentifes are provided soon, the anticipated growth rate of installed
geothermal’ power capacity for the year 1990 is projected to be abbut :

three times as great as -the growth rate: for that year without incentives

" (Sect. 1). Each year of- delay in supporting geothermal energy development

“will likely result in a corresponding delay in the date when measurable

results can be expected from the.support. . To'meet the -anticipated inability
of this country to supply its energy needs in the year 1985 (Sect. 1), the

need for immediate support of development of environmentally sound energy

- gources is evident, and any delays are inconsistent with Project:Independence

goals.

8.2 NO ACTION OR DELAY SUPPORT OF GEOPRESSURED RESOURCES  : C &'

The geopressured resources are the geothermal resources for which
resource data and operating experience are needed in order to encourage
development. Thus, early support of geopressured resource development
has been eﬁphasized by ERDA to provide this information to the industry.
On this basis, lack of support for geopressured resource development -

would only serve to delay the overall geothermal program;.likewise, -~

‘delayed support of geopressured resource development in favor of in- :

creased or earlier support of hydrothermal or hot dry rock resources :-
would also have the net effect of delaying the overall geothermal program.

It should be pointed out, however, that there is ERDA-DGE ‘support :for the
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development of all forms of geothermal energy in the ERDA geothermal
program at levels commensurate with the current technology associated

with developing these resources.

The present technology for use of geothermal resources is predominantly
for vapor—dominatéd reservoirs. Present surveys of known geothermal
resources indicate that the amount of vapor-dominated eneggy is 1imi£ed
and that a potentially significaﬁt apount of energy is contained in
geopressured reservolrs. Without significant environmental and techno-
logical advances in knowledge, however, it is unlikely that there will

be a substantial amount of energy tapped from the geopressured reservoirs.






