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SUMMARY

Since 1976, the Department of Energy (DOE) has supported a variety of
programs and projects dealing with the exploration, development, and utilization of
geothermal energy. This report presents an overview of the environmental impacts
associated with these efforts. Impacts that were predicted in the environmental
analyses prepared for the programs and projects are reviewed and summarized,
along with measures that were recommended to mitigate these impacts. Also, for
those projects that have gone forward, actual impacts and implemented mitigation
measures are reported, based on telephone interviews with DOE and project
personnel.

In general, both predicted and actual environmental impacts of geothermal
projects were minor. In comparison with most other energy technologies, fewer
impacts occurred, and those that did were usually not serious. Moreover, most
recommended mitigation measures were implemented and played an important role
in lessening the severity of impacts. This finding emphasizes the importance of
early environmental analysis and planning with subsequent monitoring and
verification.

An accident involving spills of geothermal fluids was the major environmental
concern associated with geothermal development. Other important considerations
included noise from drilling and production, emissions of HoS and cooling tower
drift, disposal of solid waste (e.g., from HyS control), and the cumulative effects of
geothermal development on land use and ecosystems. Mitigation measures were
frequently recommended and implemented in conjunction with noise reduction; drift
elimination; reduction of fugitive dust, erosion, and sedimentation; blowout
prevention; and retention of wastes and spills. Monitoring to resolve uncertainties
was often implemented to detect induced seismicity and subsidence, noise, drift
deposition, concentrations of air and water pollutants, and effects on groundwater.

The document contains an appendix, based on these findings, which outlines
major environmental concerns, mitigation measures, and monitoring requirements
associated with geothermal energy. Sources of information on various potential
impacts are also listed.
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1. INTRODUCTION

In 1976, the U.S. Energy Research and Development Administration [now the
Department of Energy (DOE)], Division of Geothermal Energy [now the Geothermal
and Hydropower Technologies Division (GHTD)], established & number of programs
intended to encourage the exploration, development, and use of geothermal energy.
The programs focused on (1) various forms of geothermal energy (hydrothermal,
hot dry rock, and geopressured geothermal subprograms), (2) geothermal
exploratory drilling, and (3) geothermal loan guaranties to assist commercial
development. In conjunction with these programs and their associated projects, a
series of programmatic and site- or area-specific environmental documents was
prepared to ensure protection of the environment and satisfy the requirements of
the National Environmental Policy Act (NEPA). The documents were either
prepared or reviewed by technical staff members of Oak Ridge National Laboratory
(ORNL) and represent more than six years of experience by GHTD and ORNL in
dealing with environmental concerns related to geothermal energy.

In the light of this experience, there is a need to synthesize and assess the
NEPA environmental assessments (EAs) and subsequently implemented monitoring
and mitigation. Such an effort would provide a comprehensive perspective on
environmental concerns to assist in future programmatic planning and technology
transfer to both the public and private sectors. The work was conducted in three
phases. In Phase I, the existing environmental analyses were reviewed for predicted
environmental impacts and recommended mitigation and monitoring. Phase II
entailed an update on the status of currently active site-specific projects. Phase III
was a survey to ascertain actual impacts and implemented mitigation measures for
projects that have gone forward. In addition to the results of these three phases, the
current document includes a discussion of actual project impacts and, in Appendix
B, a summary outline of environmental concerns.

1-1
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2. APPROACH

The review and evaluation was conducted by a multidisciplinary team at ORNL.
In Phase I, both programmatic and site- or area-specific environmental documents
were reviewed (Table 2.1). The documents cover projects located in seven western
states, two south-central states and the eastern piedmont and coastal plain region,
providing broad, representative geographical coverage of geothermal resources in
the United States.

The results of the review are reported in Sect 3 by subJect area. To avoid
unnecessary repetltlon, 1mpacts discussed in programmatlc documents are either
summarized separately as generic impacts or integrated with a discussion of
project-specific impacts. References to programmatic or site-specific environmental
analyses are indicated by numbers in brackets, which are keyed to the full citations
found in Appendix A. The presentation of results in the various subJect areas varies
somewhat according to the nature of the material. -

The current status of projects reviewed in Phase I ‘was ascertained through
consultation with DOE staff in GHTD in Washington, D. C., and in the DOE San
Francisco Operations Office (SAN). Individuals contacted include the following:

¢ Pauline A. LaBrie, GHTD

¢ Denis J. Feck, GHTD

e Allan J. Jelacic, GHTD

¢ Gwendolyn K. Reddlng, GHTD

* David B. Lombard, GHTD

* Gerald Katz, SAN =

¢ Martin W. Molloy, SAN

e Edward Dickenson, SAN
For the geopressured geothermal pro;ects managers for operatmg contractors were
also contacted, in conjunction with decommissioning verification performed for
GHTD. Details of the verification of geopressure environmental impacts can be
found in Reed et al. (1983). The results of Phase II are reported below in Sect. 4.2.

Individuals contacted by telephone to determine actual impacts and mitigation
measures for existing prOJects are given in Table 2.2. The results of this survey are
reported by project in Sect. 4.2. Section 5 presents (1) summaries of actual vs
predicted impacts and recommended mitigation measures and (2) generalizations
on environmental impacts of geothermal energy. References are cited in the text by

the author-date method, and complete sources are given in the Reference list.
Environmental concerns are summarized in an outline presented in Appendix B.
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Table 2.1. Summary titles of programmatnc and site- or area-specific )
environmental documents revxewed“

 Programmatic/subprogrammatic
Hydrothermal Subprogram, EIA/GE/7T72
Hot Dry Roc¢k Subprogram, EIA/GE/77-6
Geopressure Subprogram, EIA/GE/77-3
Geopressure Subprogram, Frio formation, DOE/EA-0023 - :
Geopressure Subprogram, Wilcox and Tuscaloosa formations (DOE 1979)
g Geopressure Exploratory Drlllmg, eastern United States, DOE/EA-0015

Geopressure szte/ area spec(ﬂc progects
Pleasant Bayou, Texas, DOE/EA-0013
Sweet Lake, Louisiana, DOE/EA-0065
- - Gladys McCall, Louisiana, DOE/EA-0134
Dow Parcperdue, Louisiana (DOE 1980)
LaFourche Crossing Prospect, Louisiana (DOE 1978) ]
Southeast Pecan Island Prospect, Louisiana (DOE 1979)
" Blessing Prospect, Texas (DOE 1981) :

Hydrothermal site/area specific projects
Hawaii Well Flow Test (ERDA 1976)
Hawaii Research Station, DOE/EA-0071
Raft River Test Loop, Idaho, DOE/EA-0008
Raft River Pilot Plant, Idaho, DOE/EA-0090
Coso (China Lake) Well Test, California, DOE/EA-0036
Baca Ranch Demonstration Plant, New Mexico, DOE/EIS-0049
Marlin Direct Heat, Texas, DOE/EA-0117 ~
Heber Demonstration Plant, California, DOE/EA-0119
Brady Hot Springs Food Processing, Nevada, EIA/GE/77-5
South Brawley Project, California, EIA/GE/77-7
Beryl and Lund Project, Utah, EIA/GE/77-8
Roosevelt Hot Springs Field Development, Utah (DOE 1978)
Westmorland Development Project, California, DOE/EA-0058
Oregon Trail Mushrooms, Oregon, DOE/EA-0103
Northern California Power Agency (NCPA) No. 2, California®
Rorabaugh Lease Development, California (DOE 1981)
. Republic East Mesa (DOE 1979)
Boise District Heating (DOE 1981)

Hot dry rock specific project
Fenton Hill, New Mexico, DOE/EA-0091

"Agehcy and date are given when documents are in draft or other.
unnumbered form. Complete citations are in Appendix A. 7
®Northern California Power Agency, NCPA No. 2 Geothermal Power
. Plant, Final Joint Environmental Study, March 1980,
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Table 2.2. Contacts made regarding environmental concerns
of existing DOE geothermal projects

i)

-)

" Project(s) Name Affiliation
Hawaii Research Station Gerald Katz - ,DOE; San Francisco Operations
-Susan V. Cook U.S. Department of Justice,
: , **  Washington, D.C.
Louis Lopez University of Hawaii
. v Donald Thomas * University of Hawaii
Imperial Valley projects  Philip Shaffer - Imperial County Planning

" (East Mesa, South Brawley, -

Westmorland, Heber)

"

)

* “Geopressure projects
(Pleasant Bayou, Dow
Parcperdue, Sweet Lake,
Gladys McCall)

Fenton Hill

Brady Hot Springs

- Marlin

»)

Claude M. Finnell

Harry Hanson

| Kenheth Landaui
. Daniel Bell
- - Anthony J. Adduci

Jerald Scheinberg
William Holman
Richard Corbaley

| Seah Haggerty
- Patrick Welch

- Virginia R. Van Sickle

Myron H. Dorfman
Kenneth Gray

Kenneth H. Rea
Melvin L. McCorkle
Greg Nunz

Paul Franke

S. E. Reynolds

Joe D. Ramey

Oscar A. Simpson

Byron Donaldson

Esbeia Romo
Ralph G. Capurro

Robert D. Clarke .
Marshall F. Conover

Commission, El Centro, California
Imperial County Air Pollution

Control District, El Centro, California
California Water Resources

Control Board, El Centro, California -
California Water Resources

Control Board, El Centro, California

' California Office of Historic

Preservation, Sacramento, California
DOE San Francisco Operations
DOE San Francisco Operations
DOE San Francisco Operations

- California Division of Qil and

Gas, El Centro, California
Bureau of Land Management
. Menlo Park, California
Bureau of Land Management

El Centro, California

Louisiana Geological Survey,
Baton Rouge, Louisiana

University of Texas, Austin

University of Texas, Austin

Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
Los Alamos National Laboratory
New Mexico State Engineer
New Mexico Energy and Minerals
Development
New Mexico Environmental
Improvement Division
New Mexico Game and
Fish Department

DOE, San Frincisco Operations
Nevada Department of Conservation
and Natural Resources

DOE, Las Vegas, Nevada, Operations
Radian Corp., Austin, Texas
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Table 2.2 (contmued) son
Project(s) Name Affiliation
Boise Geothermal Phillip Hanson - City of Boise
R "Carl B. Ellsworth -City of Boise
Andrew Lermer City of Boise
Darrel Clapp Idaho Department of Natural Resources
Frank W, Childs -~ - EG&G Idaho Ine.
.~ Busan M. Prestwich =~ ' "DOE, Idaho Operations
. Larry M. Fettkether - CHM Hill Inc.—Boise . .. . .-
Jerry Yoder Idaho Department of Health and Welfare
~ Jack E. Kelly Anderson and Kelly, Inc. _
' Boise, Idaho
B " Monte R. Richards ; Idaho Fish and Game Department
NCPA No.2 - - James W. Whalen Northern California Municipal

Michael A. Argentine

Dav1d M. Snetsmger
Sean Connally
William J. Stech

Edward Dickenson

. Theodore W. Wooster

Robert C. Karfiol

Power Corporation
Northern California Municipal
"Power Corporation
California Water Quality Control
Board, North Coast Region
North Sonoma County Air Pollution
Control District
North Sonoma County Air Pollution
Control District
DOE, San Francisco Operations
California Department of Fish and Game
Pacific Gas and Electric,
San Ramon, California
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+.-3. REVIEW OF DOE GEOTHERMALNEPA' DOCUMENTS
3.1 PREDICTED ENVIRONMENTAL EFFECTS
3.1.1 Air Quality
3.1.1.1 Generic impacts

- Air quality -impacts of geothermal energy development may occur during well

_drilling and -testing, construction:of utilization: facilities, and operation of a power
‘plant or: processing facility. The potential effects of activities in DOE’s geopressure,
“hydrothermal, hot dry rock, and exploratory well drilling programs were described
:generically in environmental documents prepared for each program [2, 10, 12, 13].*
‘With regard to ‘air quahty, potent1a1 1mpacts of act1v1t1es among these programs
-were similar. -

In: some cases, 1mpacts of geothermal energy dlffer qualltatlvely and

‘quantitatively. from those :of other energy resources. In general, geothermal air
‘quality impacts are considered more benign. Some impacts, however, are unique to
~geothermal. systems - and: can: be env1ronmentally costly if unmltlgated Such
mstances are noted in the dlscussmn below . : ~

TWeyll drlllmg and testing' -

Durlng resource exploratlon, DOE predlcted mmor ‘impacts from gaseous

“em1ss1ons from vehicles and equlpment (eg. dlesel generators), from fugitive dust
‘from unpaved roads, and from movement of earth during clearing and excavation of
-a site. Such impacts are not unique to geothermal projects. During well drilling and
subsequent testmg, air quahty can be 1mpacted by geothermal brine and steam
i released to the atmosphere when the Well is vented. In’ most hydrothermal and

geopressure systems, gases present in the brine/steam may be emitted. Gases’ that
may be released include carbon dioxide, carbon monoxide, hydrogen sulfide,
methane, nitrogen, ammonia, and trace amounts of argon, hydrogen fluoride, and
sulfur dioxide. Dissolved mineral salts of boron, mercury, and arsenic may also
occur : (Hartley, '1978). -Hydrogen :sulfide is the -principal -air. pollutant of  concern
because of its frequent occurrence in geothermal systems and its nuisance odor at

~ low. concentrations: (between 1 :and 30 ppb).-The potential toxicity-at levels above

10 ppm was ‘also mentioned in the EAs: Because the composition and concentration
of these gases .vary among geothermal resources, site-specific chemical analyses are
necessary for impact prediction, often followed by modeling of transport and
deposition. In addition to the gases, uncontrolled high levels of water vapor emltted
during well testing could affect the local chmate ‘particularly in arid reglons :

*Numbers in  brackets refer. to various EAs, whose complete documentatlon is glven in
Appendxx A. Other references and sources are cxted by the author-date method, and the complete
source is glven in the References 2.

31
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Air quality impacts of energy extraction from hot dry rock are minimal because
geothermal brine/steam is not produced. The composition of water injected into hot
dry rock reservoirs to produce steam or hot water is controlled by the developer and
should not contain the noncondensable gases listed above.

Facilities—construction and use

Construction of geothermal facilities (e.g., power plant, transmission lines, and
‘pipelines) causes impacts similar to those of construction during well drilling and
testing (e.g., fugitive: dust and gaseous emissions). Air pollutants likely to .result
from operation of geothermal energy: facilities may arise from cooling tower
‘operation, intermittent venting of production wells, and accidents. The ‘quantity of
pollutants emitted will vary according to the technology used (e.g.; open-and closed
flash and binary cycles) (Nguyen et al. 1980,:Beeland and Boies 1981).:0f primary
concern are dissolved solids in cooling tower drift and hydrogen sulfide in:the
‘geothermal brine/steam. Both potential ' pollutants are relatively unique to
geothermal resource development: the solids, because they reflect the chemistry of
the geothermal resource, including potentially toxic salts of boron, mercury, and
;arsenic; the hydrogen sulfide, because of its natural occurrence. Of lesser concern is
water vapor produced in cooling tower operation, which could affect  the local
climate. These impacts are more likely to occur as a result of hydrothermal and
geopressured geothermal resource utilization, rather than hot dry rock for reasons
cited earlier.

Direct heat and processing applications of geothermal energy are expected to
produce little impact on air quality except from venting of production wells and
from pipeline rupture or other accidents that could release hydrogen sulﬁde to the
atmosphere

In most cases, air pollutants from development and utlllzatlon of geothermal
resources can be reduced to levels at which there will be no slgmficant
env1ronmental impact. Measures to accomphsh this are dlscussed in Sect. 3.2. 1.

3.1.1.2- Site-specific impacts

A review of site-specific. environmental documents indicated that air- quality
impacts -from specifi¢c geothermal ‘projects were predicted to be minor, short-term,
and insignificant for most projects assessed. The nature and severity of site-specific
air .quality impacts -depended on the nature of the geothermal resource, : the
utilization processes and facilities employed, and the - mltlgatlon ‘measures
implemented. :

"A summary of predlcted air quahty 1mpacts for speclflc prOJects is presented in
Table 3.1. The following: discussion highlights certain aspects of the air quality
impact analyses.

Of the geothermal loan guaranty projects reviewed, the proposed power plants in
the Geysers area of northern California (Rorabaugh and NCPA No. 2 Loan
- Guaranty projects) had the greatest potential for air impacts because of the
relatively high concentrations of hydrogen sulfide occurring in the resource. All loan
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Table 3.1 Summary of air quality impacts predieted for DOE geothermal projects
: Gaseous ermsslons o Part:culabes _ ‘ Ll
SEE— — — : - * Water vapor
Nonoondensable gases . ‘ Gombustion emissions - - Fugitive dust Coohng tower dmft o o S
_ Projects for ”All, except hot - All AlL Tow , . Baca, Heber, All, except hot -
which impact . . * dry rock projects; - probability in -+ . Raft River, Hawaii, “dry rock; greatest
was predicted -~ greatest potential : humnd areas . . Rorabaugh, South potential for
‘ ' for impact in - such as Hawaii, . Brawley, East Mesa, - impact in power
Hawaii and the Texas, or -Westmorland, NCPA, - plant projects
Geysers area of - ‘ Lomsmna Beryl and Lund, : ‘
California (NCPA and - Roosevelt Hot Springs
© " Rorabaugh projects) - , C . o
* Project phase. -~ Well testing; - Well drilling; " Well drilling; Power plant Well testing -
resulting in _ well venting during oo well testing; - construction - operation - (venting);
" impact’ power plant operatlon, © - construction : R power plant
aocldents ~ - operation
(cooling tower .
: PN : R : : g plume)
Degree of - Noticeable, but not  Minor, short-term, Minor, short-term, Potentially damaging Pobentlally ‘
.-impact - toxic, levels of HpS;. - - . -and insignificant " insignificant. to vegetation; ¢an be significant in -
- : nuisance odor ... . : N significant if arid climates;
detectable unmitigated usually minor and
S _— - Ll insignificant
Mitigation .- Several H,S .. Modern vehicles and Spraying with Drift eliminators Use dry or wet/dry
available abatéement technologles equipment with pollution water or chemical - may be installed towers where
: avaﬂable , ‘control devices retardants; graveling : ' practical

€€
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guaranty projects were predicted to have slight construction and drill-site
preparation impacts resulting from fugitive dust.

The Baca and Heber 50-MW power plant demonstration projects of the
hydrothermal program received the most thorough air quality:impact assessments
of all DOE enwronmental projects.: Air quality modeling was performed for the
Baca project. to predict i increases in amblent concentrations of hydrogen sulfide. The
results from the Baca modeling [7] indicated an insignificant increase in hydrogen
sulfide concentration at the reservation boundary, assuming atmospheric conditions
that would neither encourage nor discourage vertical motion. Violations of ambient
standards were not expected. For Heber, an atinosphenc dispersion model was used
to provide estimates of fog and drift deposmon from cooling tower operation. Those
results [9] indicated that drift eliminators (0. 008% drift loss or less) would prevent
significant 1mpacts from 1ncreased salinity from drift deposition during the first
five years of plant operation when the total dissolved golids (TDS) levels in the
cooling water would not exceed 4000 ppm. Thereafter, TDS levels could increase to
20,000 ppm if agricultural return flow were used in the towers. Additional
mitigation measures may be needed to meet future prevention- of significant
deterioration (PSD) Class II requirements for particulates.

Potential air quality impacts were also described for the Hawau Geothermal
Well Test Flow [1] and the Hawaii Geothermal Research Station [5] because of the
high concentrations of hydrogen sulfide and mercury in the resource. Nuisance
levels of hydrogen sulfide were expected during well testing and production at this
site, and monitoring of both hydrogen sulfide and mercury were recommended.

All projects of the geopressure, hot dry rock, and exploratory well drilling
programs were anticipated to have no significant air quality impacts, with only
minor, local, short-term impacts due to fugitive dust emissions during construction
and operation. :

3.1.2 Noise

Noise is produced during well drilling and testing, construction of facilities,
facility operation, and accidents. In predicting environmental impacts due to noise,
consideration was given to the proximity of sensitive noise receptors, such as nearby
residents and wildlife. Noise-producing factors, in combination w1th existing noise,
could result in levels exceeding nuisance or pain-thresholds.

Construction- and drilling-related impacts (similar to those of oil and gas
drilling) predicted to result from noise produced by operation of vehicles and heavy
equipment would be dependent upon the duration and nature of activity in each
phase, the time of day during which activity occurs, and the proximity of sensitive
receptors. The noise produced by the venting of geothermal steam at the well head
during well testing, and occasionally during production and facility operation,
sounds similar to that produced by a jet engine. Unmuffled steam venting is unique
to geothermal resource development and has the greatest potential for producing
significant noise ‘impacts, averaging 100 decibels (dB) at 15 m (50 ft) and
90 dB at 75 m (250 ft) (DOI1973).

Predictions of total noise levels (including background) resulting from activities
of DOE’s hydrothermal, geopressure, hot dry rock, and exploratory well drilling
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prOJects ranged from neghglble to about 100 dB In most cases, noise levels and
impact predlctrons were based .on extrapolatrons from known data for noise-
producing equipment and activities.. For example, modelmg was performed to
estimate impacts of drllhng at the Pleasant Bayou geopressure well [14]. The
mformatxon obtalned from _this study was subsequently applied to 1mpact

.predlctlons for other geopressure prOJects

‘Noise 1mpacts for most DOE: projects were predlcted to be mlmmal and
mslgmflcant Mltlgatlon measures were recommended. for. pro;ects where sensitive

.receptors were identified and/or. local or federal noise standards could be exceeded,

such as at the Rorabaugh Loan Guaranty project site in Sonoma County [34] and
the South Brawley project site in Imperial County, California [26).

The only potentially significant noise impact predicted for all projects was
expected to result from accidental unmuffled well venting, as in the case of a well

_ blowout.

:3.1.3 Groundwater; Geology, '{ma Soils

3131 V'_Ge‘n‘er‘ic lrnpacts :

;Groundwater 4

In its hydrothermal, geopressure, and hot dry rock programmatic envrronmental

:assessments [2, 10,-13) DOE noted that contammatlon of freshwater aquifers could
~occur during geothermal well dr1111ng and testing, durmg production and faclhty

operation, .and from accidents. If a freshwater aqulfer lies above a geothermal
reservoir, improperly conducted drilling, withdrawal, and injection could introduce

contaminants to the aquifer, .This contamination would. occur if. 1mproperly
Acemented well casings allowed ‘access to groundwater The. cements, -pipes, and
.casings used in well drllllng are hlghly susceptlble to deterioration in the high-

‘ '_temperature, corrosive env1ronment of geothermal brlnes Similar contamination
;-could .also. occur from drlllmg of oll and other nongeothermal wells, but the
. contammants mtroduced would differ. Brine plts ‘and. other liquid waste storage plts
iand ponds are. another potent1al source of groundwater contamlnatlon If not hned
.with an impervious material, they could generate leachate uniquely. characterrzed by
‘the - hlgh dlssolved solids _concentrations of geothermal brines -and/or toxrc
K onstltuents from drlllmg muds (e g, barlum), lubncants, or other materlals stored
in the pits or present in the brine. itself. Such leachate could contaminate shallow
:groundwater aquifers, recharge areas, and soils. Because geothermal brine is not
_produced in hot dry rock prOJects, groundwater 1mpacts are more hkely to result
from 1nf11tratlon due to. surface spllls and storage of drllhng and/or other wastes ln
Tlmproperly lined pits.

In . addition . ;to . therrnal and chem1ca1 groundwater contamlnatlon,v the

’hydrothermal subprogrammatlc environmental assessment [2] pomted out that the
-availability of groundwater in some project areas could be affected if interactions
-between the geothermal reservoir and shallower groundwater aqulfers lower the

level in the water-supply aquifer. Groundwater resources may also be depleted if
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they are used to supply makeup water for conventional, wet, coohng towers. In cases
where additional water is required to recharge a geothermal reservoir, groundwater
supplies’ could be depleted particularly in arid western regions Where groundwater
1s appropriated and demand already exceeds recharge rates.’ :

‘Accidents also present a potentral ‘threat to groundwater quality. A casmg
fallure, a subsurface blowout, or a major spill could contaminate the soil and
~shallow groundwater with geothermal brine, rendering it unsuitable for: ‘potable or
other uses. The extent of contamination would depend on the volume and quality of
geothermal fluid that enters freshwater aquifers and the duration of the accident.
Blowouts are more likely’ to occur in geopressured geothermal drlllmg because of the
nature of the resource.

éeolog& and soils

Geothermal exploration, development, and utilization involves the disturbance of
both surface and underlying geological features. In fact, the existence and nature of
the geothermal resource itself is the result of unique geological conditions in a
particular area. Well drilling and testing, geophysical surveys, construction, and
production of geothermal fluids during resource applications could result in
environmental impacts due to erosion, induced subsidence, and induced seismicity.
Depletion of the geothermal resource is also an impact of geothermal energy
development. ‘

~ Though not unique to geothermal resource development, erosion and landslides
are potential problems, especially in areas of high relief. Landslides promote casing
failure as well, endangering ‘groundwater resources. In particularly arid regions,
'Wmd-lnduced erosion has been predlcted to be addltlve to that whlch is water-
induced.
- Subsidence may be induced by the withdrawal of geothermal fluids- (whlch
‘removes the fluid foundation of the overlying rock), if withdrawal exceeds recharge.
‘Because of the large amount of fluids removed for geothermal applications, the
‘potential for induced subsidence is an important consideration during impact
assessment Generic documents prepared by the DOE for its hydrothermal and
jgeopressure programs [2, 13] described the potential for induced subsidence based on
‘data regarding geological features and the nature of the geothermal resource ‘in
each development region. Hot-water-dominated geothermal reservoirs, such as those
of the Imperial Valley in California, are believed to be most susceptlble to induced
subsidence, though data necessary to affirm this prediction are still being tabulated.
Impacts of induced subsidence in the Imperial Valley would be more serious than in
other geothermal development areas because of the sensitivity of agncultural
activities, partlcularly irrigation, to changes in topography Impacts of subsidence in
geopressured zones could include the conversion of low-lying farmland to marsh and
an upset of the ecological balance of existing wetlands. Because hot dry rock
reservoir development mvolves no removal of subsurface flulds, the nsk of 1nduced
‘ subsxdence is minimal. : ' : :

‘Induced selsmlcrty (and danger of triggering earthquakes) was predlcted as a

Tpossrble occurrence at some geothermal development locations, especially regions
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with preexisting fractures and zones of weakness and ‘those of general seismic

instability. Reinjection of geothermal fluids for reservoir-pressure maintenance (and
prevention of induced subsidence) was reported as the most likely cause of induced
seismicity, but only if very large volumes of fluid are injected under relatively high
pressures into active fault systems Such conditions may also occur during injection
of fluid into hot dry rock reservoirs. Accurate records of injection rates, pressures,
times, etc., are necessary to allay public concerns regarding the relationship of
injection and naturally occurring seismicity. Although induced subsidence and
induced seismicity can result from nongeothermal drilling and extraction, the
volume of fluid mvolved in geothermal act1v1t1es may 1ncrease the potential for
significant effects. : T

3.1.3.2 Site-specific imi)acts

The following dlscussmn focuses on noteworthy site-specific impacts reported in
Table 3.2. »

Groundwater

Impacts to groundwater quality due to DOE’s geothermal resource development
and utilization projects were foreseen as minor and insignificant except in the case
of accidents. Quantitatively, the availability of groundwater for consumptive use in
geothermal operations was mentioned as a concern in arid western locales where
water rights and appropriation are important issues. For the Raft River Geothermal
Test Loop and Pilot Plant in Cassia County, Idaho [3, 6], concern was expressed
regarding possible lowenng of the Water tables during well testing because of
connections between the shallow freshwater aquifers and the geothermal reservoir.
Reduction of productivity from nearby wells was predicted to be a consequence and
a potentially significant impaect. Similar concerns were raised for_the CU-1 Venture
Loan Guaranty project at Beryl and Lund, Utah [27], and the Fenton Hill Hot Dry
Rock Project Expansion and Operation in Sandoval County, New Mexxco [11], where
groundwater is also scarce.

For the Hawaii Geothermal Well Flow Test [1] the p0351b111ty of saltwater
encroachment was cons1dered ‘Encroachment can occur if saltwater exists
underneath or adjacent to fresh ‘water and if there is a general lowering of the
water table resulting from wlthdrawal of geothermal fluid. In addition, the salinity
of production water could rise due to saltwater encroachment, creating a potential
for shallow groundwater contamination through unlined sumps. .

For all projects, mitigation measures (Sect. 3.2) were recommended to offset
potential degradation of groundwater quality, and alternate sources of makeup
water were suggested to eliminate the need for consumptlve use of groundwater in

locations having low recharge rates. -



Table 3.2. Summary of geological impacts predicted for DOE geothermal projects
Erosion Induced Induced Geologic Groundwater’
- subsidence seismicity hazards - contamination -
Projects for Al All, except Al Earthquakes in All

which impacts hot dry rock Imperial Valley and

were predicted Geysers area; mudslides
in areas of steep - ‘

‘ topography ‘

Project phase Construction - Well testing; Well testing; All Well drilling; -
resulting in (excavation, power plant power plant well testing;
impact grading, and ~ operation " operation . power plant: |

accidents (accidents) ‘ operation (accidents)
Degree of Minor, short-term, Potentially significant Potentially significant Significant, but of Potentially
impact and insignificant for hot-water systems; in seismically active low probability * significant in arid
if mitigation minor and insignificant if areas regions of low
measures are used mitigation and monitoring recharge rates
are employed )
Mitigation Good engineering 100% reinjection of Reinjection into : Good engineering design; Impervious liners for
available design and practices withdrawn fluids and proper zones (depths) careful siting of storage pits;
adequate monitoring and at optimum facilities - adequate casing of
pressure wells; use of
blowout prevention
"~ equipment

8-¢
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Geology and soils -

Predlctlons of gradual reservoir depletlon were made for those DOE projects
involving. substantial withdrawal of geothermal fluids, such as the Heber [9] and
Baca [7] 50-MWe - demonstration projects. An important consequence of such

-depletion is its effect on surface manifestations of geothermal activity such as hot

springs or fumaroles. For the Baca project, hot springs in the Jemez Springs area
and the Indian  Springs on the Jemez Pueblo were predicted to be affected by flow
depletion as a result of geothermal reservoir production. The possible impact of
geothermal development at Coso Hot Springs in California’s Mojave Desert [4] was
also considered. In both cases, alteration of geothermal surface expressions could
negatively impact cultural resources of native Americans, who use these phenomena
in their religious practices and customs. Recreational uses or aesthetic qualities of
geysers and other geothermal attractions at national or state parks- mlght also be

affected by reservoir depletion (Sect. 3.1.6).

‘Induced subsidence resulting from less than 100% reinjection of withdrawn
geothermal fluids was predicted, especially in hot-water-dommated systems ‘DOE

‘noted " this potential ‘in ‘environmental assessments of the Baca and Heber

demonstration projects, the South Brawley [26] and Roosevelt Hot Springs [29]

‘geothermal (loan guaranty) projects, and the geopressure well drilling and testing

projects in Texas and Louisiana. The common practice of reinjection into overlying
aquifers will not, however, prevent subsidence induced by reservoir depletlon
Baseline, operatlonal and postoperational monitoring were recommended in all
cases to ensure that'any induced sub31dence Would be detected before sugmficant
impacts resulted. (Sect. 3.2.3) PR : :

Erosion was seen as generally an unavoidable consequence of" geothermal
development and ‘utilization activities, even direct heat applications and exploration

“activities. In most cases, it was concluded that, with appropriate mitigation, impacts

would be minor. Erosion and subsequent siltation at the Baca site were considered

‘as potentially significant because of effects on the Water quahty and blotlc
communities of the Jemez River (Sect. 3.14). :

The likelihood ‘of 1nduced seismicity at DOE’s geothermal project sites was

predicted to be slight, though ‘most of the projects are, or will be, located in

seismically active regions. No specific predictions of induced 'seismicity were made
for any project, because ‘data on which to base such predictions are lacking. Use of

“careful reinjection techniqués employed at low* pressures and optlmurn 1ntervals Was

recommended to minimize the potential for induced seismicity.

“Accidents; especially a geothermal well blowout, were predicted to’ resuIt in an
uncontrolled flow of significant amounts of hot geothermal brine that could i increase
eros1on, produce surface cratermg, and damage the target reservmr locally

314 ‘Surfac'e'Waters and Aquatic Ecoloéy i

,Discussion of impacts _on surface waters and ‘aquatic ecosystems is more
thorough than for other subject areas because (1) more is known about many
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effects, (2) impacts often arise secondarily from other effects (e.g.; subsidence or
erosion), and (3) impacts are potentially more serious in many cases. In addition,
there are enough important differences among the three major types of geothermal
‘resources, and gross differences among their respective surface waters and aquatic
communities, to warrant separate treatment of the three major groups of projects.
Separate - consideration is given, ' therefore, to projects in geopressured,
hydrothermal, and hot dry rock formations. For those impacts common to all three, -
the discussion will be presented in the subsection on geopressured projects to avoid
‘repetition in later subsections. Reference will then be made in later subsections to
-discussions on impacts in the geopressured subsection, as appropriate. »

'3.1.4.1 Generic impacts

‘Geopressured projects

.. These projects are, or would be, sited along the coastal regions of Louisiana and

Texas [13, 15, 22]. Projects in this region appear to have the greatest potential for
‘causing significant and possibly widespread impacts on surface water for reasons
‘discussed below.
_.-.The EAs noted several potentlal effects of construction activities of geopressure
pro,]ects (e.g., site clearing and leveling, canal dredging, and construction of spoil
_banks, production wells, disposal wells, storage ponds, and flood walls). Direct
:destruction of aquatic habitat would be limited to the immediate areas required for
_construction of drill-pads (0.4-0.8 ha), reserve ponds for drilling wastes (0.04 ha),
and access roads or canals to the project sites. Because of the distances often
involved, the most important causes of direct loss of habitat are likely to be
construction and dredglng activities .usually associated with access roads or canals
to the well sites. Storm- and tide-induced runoff from construction and drllhng
areas may contain lubricants and other potentially toxic substances from vehicles,
equipment, and drilling mud. Water requirements for construction and drilling will
not be significant. Sources of supply probably would be surface waters from nearby
marshes or bayous in wetlands or from groundwater in upland areas. The use of
surface waters could cause some loss of aquatic organisms in the 1mmed1ate area of
an intake through entrainment and impingement.

The EAs noted that dredging can have numerous indirect ecologlcal effects
reviewed in detail by Morton (1977). In general, levels of total suspended solids
(TSS) do not exceed natural levels (20 to 200 ppm) beyond a distance of 32 m
(105 ft) from the dredge (Macklin 1962). In the shallow marsh and estuarine
systems of the Frio areas, natural TSS may be as high as 500 ‘ppm [22]).
Consequently, the ecological effects of increased turbidity and siltation resultmg
from dredging and other construction activities should usually be limited to the
vicinity of the cause of disturbance. Thls area could be s1zeable in prOJects lnvolvmg
road or canal construction.

- Indirect adverse effects of dredging and other construction activities on aquatic
‘organisms (especially in canals, channels, and marsh areas along the coast) were
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: predlcted in the EAs and are summarized below. Dredgmg remobilizes sedlments

that in some areas contain fairly high concentrations of pesticides, herbxcldes, heavy
metals, and other toxic materials. These materials may enter and concentrate in
aquatic food chains or affect orgamsms dlrectly Increased suspended sohds and

: slltatlon may also

o reduce llght penetration 1nto the water column and thus hmlt photosynthes1s
and obscure vision of fishes; :

- o bury bottom-dwelling plants and ammals or clog or 1rr1tate the feedlng
apparatus of fllter feeders; '

o abrade gllls of fish, mcreasmg susceptlbxhty to disease and tox1cants and ,. :
e kill fish’ at extremely hlgh concentratlons , '
The EAs further noted that silt can
| ¢ smother eges, larval flsh and benthlc food organlsms
¢ reduce available substrates for periphyton and rooted plants;
¢ destroy spawning beds by coverlng gravel bottoms, e
* fill pools, lakes, and wetlands, resultlng in the loss of aquatlc habltat and

« interfere with human use of water by reducmg the aesthetic quahty of natural
water bodles and by dlmlnlshlng Water quahty for domestlc and 1ndustr1al use.

Another potentlal effect of constructxon noted in the EAs is alteratlon of

.drainage and circulation patterns. and flow rates in the vicinity of the test well. This

effect could be partlcularly important in the coastal Fl’lO areas of Louisiana where
dredge and fill operations have already permitted intrusions of saline water into

’prekusly brackish or freshwater areas. The adverse ecological .effects of - these
“saline mtrus1ons, and the effects of c1rcu1atlon _changes induced by canals, spoil

banks, - and levees, are potentlally severe, ranging from subtle shifts in. species

'compos1tlon to lowered productivity and then to- complete destructlon of coastal
) wetlands (Newchurch et al 1978). :

.Once drllhng ‘begins, drilling muds, hydrauhc fluld lubrlcants, and other

_chemlcals (contamlng potentially toxic substances) assoclated with the wellhead and
other facilities could contaminate nearby aquatic ecosystems through leakage, spllls,
“or floods. Sensitive flora and fauna could be killed, while less sensitive organisms

may suffer decreased growth and/or reproduction.

Land subsidence and accidental, uncontrolled releases of geopressured fluids
constitute the principal hazards to surface waters and their ‘aquatic communities
during flow testing and operation of production and disposal wells. The EAs

‘"conmdered subsidence to be unhkely However, if sub81dence did" occur, s1gmf1cant

alterations of flow regimes in wetlands and streams in the coastal zone could result

*‘Subsidence-induced alterations of flow reglmes along the coast’ could impose
substantial adverse effects on stream and wetland communities. Aquatic
-communities of upland waters are far less likely to be affected by subsidence.
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The impact of an accidental release of geopressured fluids would be determined
"by the brine’s flow rate, total volume temperature, sahnlty, and .chemical
%composmon, as well as the physmochemlcal and biological characteristics of the
‘receiving surface waters. All of these parameters may vary greatly from site to site.

Although it is difficult to predict the flow rate of a major blowout accurately, a
maximum rate of about 6400 m3/d (40,000 bbl/d) was assumed in the EAs for
assessment purposes. At this flow rate, a typical ring dike would be able to contain
the brine for 3 d. Thereafter, the hot brine would enter existing drainage systems
_until the blowout exhausted itself or a relief well were drilled, a procedure that
“could take several weeks. Because of its greater dens1ty with respect to freshwater,
the brine can be expected to sink to the bottom of waterways, where mlxmg and
dilution may be slowed until the brine finally meets open bay waters. -

Hot brines from blowouts and spills can have adverse ecological effects in both

freshwater and estuarine systems. Potential 1mpacts noted in the EAs mclude

e thermal stress and impairment of osmoregulatory functlons, resultmg in
decreased growth or death, particularly of freshwater organlsms and young
fish and shellﬁsh .

¢ toxic effects of ammonia, hydrogen sulflde, boron, and trace metals (especially
copper, zine, lead, magnesium, and manganese), and

. accumulatlons of toxic substances in sediments and in the food cham

Many of the constltuents listed above have been shown to occur in brines at
concentrations potentlally harmful to aquatic plants and ammals, as evidenced by
‘baseline data -presented in the subprogrammatic environmental assessment for
‘drilling and testing in the Frio, Wilcox, and Tuscaloosa formations [22].
" Temperature and pH of the aquatic system largely dictate how ammonia, hydrogen
sulfide, and trace elements will speciate and behave in the aquatic system
Ammonia, for example, is more toxic at high pH than at low pH, while the opposite
is true for hydrogen sulfide. Detailed reviews and discussions of geopressured brines
and their physics, chemistry, and toxicity can be found in Gustavson et al. (1977),
Kharaka et al. (1979), DOE (1978), and Cushman et al. (1980).

Hydrologic characteristics of the aquatic ecosystem receiving geopressured
effluents would also have a large effect on the magnitude of the ecological impact
sustained by that system. Systems with rapid and efficient mixing and dilution
would ' dissipate and dllute the geopressured fluids rapidly, therefore mlmmlzmg
biological effects.

'Hydrothermal projects

~ The enwronmental lmpact assessment for the hydrothermal subprogram [2]
.examined the generic impacts on aquatlc resonrces resulting from the development
_of hydrothermal resources in the western United States and Hawaii. The nature and
" intensity of 1mpacts may vary widely : among the speclflc projects (addressed in Sect.
8.1.4.2) in response to the varlablhty of phys1cal chemical, and biological factors at
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‘their respectlve s1tes With the exceptlon of the two prOJects sxted at the Geysers,

) however, all of the hydrothermal projects surveyed in thlS study share an arld to
‘ semiarid chmate and a scarclty of fresh surface water.

Two major sources of 1mpacts were predlcted to result from development of

" hydrothermal resources:

- construction-induced erosion followed by mcreased turbldxty and sﬂtatlon, and
the release of hquld efﬂuents | '

Chemlcal and thermal contaminatlon of area surface waters may occur: from

- leaks or.-spills from holding ponds. and ‘mudpits and,  most importantly, from
_deliberate or accidental releases of geothermal fluids (e.g., blowout) and cooling

‘blowdown. Heat and toxic substances in spilled or leaked fluids may harm or

- destroy the flora and fauna of receiving waters (e.g., fish spawning grounds in the
‘ Cascades and Geysers hydrothermal resource regions). Geothermal fluids that are

sufficiently .clean and cool could be beneficial to local water resources.. :
-In-the event that surface water is used to satisfy project demands, léss water

- will be available for other. users, including aquatic biota and wildlife. This loss could

be important if the water is diverted from small streams or arid areas. Further,

diversions of surface water may result in impingement or entrainment of fish and
other aquatic organisms.

‘Hot dry rock pro;ects -

The hot dry rock subprogram EA [10] evaluated the potentlal effects of
geothermal development on surface waters and aquatic ecology in the 11 hot -dry
rock resource regions. All of these regions lie in the western United States, Hawaii,

. .or-Alaska, and many are arid to semiarid. The expected impacts of development are
- generally the same as those identified for development of hydrothermal resources.

Harm or death to resident fish and aquatic 1nvertebrates, dependmg on the severlty

xof the stress imposed, could result from "

" e construction-induced erosmn followed by mcreased tlll'bldlty and slltatlon in
~ streams (the Cascades, Aleutian Islands, Yellowstone, Contmental D1v1de, and
Hawau reglons are rated most susceptlble in this respect), ’

. possnble contammatlon of waterways from chemlcal spllls and leakmg or
; faxlure of mudpits and settling of evaporatlon ponds; : i

o l° 1mproper dlsposal of potentlally tox1c coohng system blowdown, and
. accldental or uncontrolled releases of geothermal or clrculatlng llqulds

* Other ‘important potential impacts common “to "both - hot dry rock “and

R 'hydrothermal development include increased demands ‘on limited - surface or

groundwater resources, particularly in the Southern Basin and Range region (up to
45 m%/d during drilling) and increased pressures on local fisheries and their habitat
as a result of the increased industrialization likely to follow resource development.
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 Direct heat applications (e.g., heating of bulldmgs) have special implications for
aquatic ecosystems because such uses could _require transport of hot fluid via
~ pipelines over sugmficant dlstances, posmbly requiring stream crossings and, in
general, involving short-term dlsturbances of substrate, water quality, and
"downstream biota. In addition, longer transport distances i increase the probablhty of
leaks.

Because hot dry rock operations normally do not penetrate formations
contalmng pressurized fluids, the probability and severity of a blowout or other
uncontrolled release of fluids is considerably lower than that associated with most
- hydrothermal - or ‘geopressured formations. Although an: accidental release of
.-circulating water from the rock would exert some degree of thermal stress on any
.receiving aquatic-ecosystem, it would not likely ‘be very ‘toxic because of the low
contact time with the rock. Recirculation of the water, on the other hand, would
increase contact time, thereby permitting the buildup of concentrations of leached
- substances to possibly toxic levels. Finally, with the exception of an accidental
penetration of a ‘hydrothermal resource which could:result in a blowout and the
associated adverse effects on surface waters and .their biota described: earlier for
“hydrothermal and :geopressure programs, any releases of fluids are - expected to be
-small and readily controlled '

3.1.4.2 Site-specific impacts

Most of the impacts predicted for site-specific projects were identified in the
discussion of impacts generic to geothermal exploitation (Sect. 3.1.4.1). Important
impacts predicted and/or unlque to a particular pro;;ect are addressed .in this
section. : ' : :
Tables 3.3 and 3.4 summarize the prmclpal adverse effects on aquatlc resources
at each of 26 projects on the basis of their respective EAs. The first table shows
those impacts: (predicted or implied) on aquatic resources which may occur as a
- result of construction and operation of the projects, excluding major accidents. The
second table shows only those impacts related to major accidents such as blowouts.
In this dlscussmn, flooding and subsidence-induced alteratlon of drainage patterns
~ or flow regimes are considered to be major accidents.

" For each project listed in Table 3.3, up to four letter symbols are listed under a v
given column (i.e., impact) heading: “0” for zero or virtually zero, “L” for low, “M”
- for-moderate, and “H” for high. With the exception of the column labeled “Aquatic

Resource Value,” the four: positions under a column represent the following, from

left to right, respectively: (1) the relative probability that the impact will occur;

(2) the length of time the impact would last; 3) the severity of the impact on

aquatic resources locally; and (4) the severity of the impact area-wide. For
_example, construction and operation of the Pleasant Bayou geopressured project
(H/M/M/L) would involve, over a moderate length of time, a high probability -of
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Table 3.3. Predicted and implied impacts on surface aquatic resources (excluding major accidents)

[3]

Aquatic Turbidity Direct Altered Altered
resource Vz‘a::r vz:ltii; and h;::;:ist;d habitat aquatic ST/I?; circulation
value . q sedimentation destruction communities pec or flow
Local/area P°/T/I°/A® P/T//A P/T/I/A P/T/V/A P/T/I/A P/T/V/A P/T/I/A P/T/V/A
Pleagant Bayou - . H/H. h/1/L/0 H/M/M/L H/L/L/0 0 . 0 .. H/M/M/L . L/M/Y? L/H/N/?
.. Sweet Lake . H/H M/M/? H/M/M/L H/L/M/0 0o HY/H/M/L H/H/H/L M/M/Y/? HY/H/1/? -
Gladys MeCall - H/A ~ - M/M/M/L M/M/M/L - H/L/M/O 0 H/H/M/L H/H/M/L M/M/M/L.  M/H/M/L -
- Dow Parcperdue L/H 0 - H/L/M/L H/L/M/L- 0 H/H/M/0 ~ H/L/H/L: - L//L/O - H/H/L/O -
LaFourche Crossing H/H . WYL 0 H/M/M/L H/L/M/L 0 HY/H/M/L H/M/H/AL  M/M/M/L
Southeast Pecan Island + H/H L/ H/M/M/L H/L/M/L M/H/1/? M¢/H/H/M M/H/B/M M/M/M/L,. M/H/1/?
- Blessing Prospect - “ L-M/H 0 M/M/M/L M/L/L/0 0 0 L/M/ML 0 0
Hawaii Flow Test - J/f. 0" 0 0 .0 0 s /1/0/1 .. 0 0.
Hawaii Research Station .- f/f 0. - 0 0 0 -0 Y10/ 0 0o
Raft River Test Loop L-M/L-M 0 M/L/M/0 H/L/M/? 0 H/M/H/0 H/M/H/L 0 L/H/1/?
Raft River Pilot Plant L-MLM.. 0 M/L/M/0 H/L/M/? 0 H/M/H/0 ‘H/M/H/L 0 wH//?
Coso Well Test - . L-M/Sf 0 L/H/1/0 0o ... . .1 0 L/B/v0. 0 L/H/?/0
Baca Ranch Demonstration = H/H 0 H/YH/M H/M/H/M 0 . 0 H/YA/M 0. M/M/M/L
. Marlin Direct Heat ™ - M/L/O/0 - M/H/M/L . - M/L/M/L M/H/L/L 0 M/H/M/L 0 0
Heber Demonstration L-M/M-H° HMHA/L - /MWL - ' . H/H/L/L 0. L/H/L/L- = 07 - M/M/M/L
Brady Hot Springs - 5 0 0 0 0 0 0 0 0
. South Brawley " L-M/M-H H/H/L/L H/M/L/L ? H/H/L/M 0 L/H/L/M 0 0
. Beryland Lund - N 74 0 0 0 0 N 0 0 0 0
Roosevelt Hot Springs N 74 & 0. 0 L/L/L/0 0 0 0 0 0
NCPA No:2 :. "H/H . HL/AML M/M/L/L M/M/L/L 0 0 M/M/L/L 0 0
- Westmorland Development = L-M/M-H- H/M/L/L L/M/L/L ? LW/H/M/M 0 L/H/M/M 0 0
Oregon Trail Mushrooms L-M/L-M - 0. 0 o : 0 - - 0. ‘ 0 0 0
Rorabaugh Lease HH. . 0 - . HMM/M 0 : M/H/M/0 M/M/H/? 0 0
" Republic East Mesa  LM/M-H 0 0 0 S0 0 : o 0 0
- Boise District Heating "M-H/M-H 0 - M/M/L/L /L/L/0 L/H/L/0 . L/M/L/O L/M/L/0 0 0
o g o R . Hot dry vock . ‘ o ;
Fenton Hill - | SR 7 0 . 0 . L/L/L/0 L 0. 0 0. 0

‘Federally desigﬁated threatened or endanééred species.

bp = probability of occurrence: 0 = zero; L = low; M = moderate; H = high.

°T = amount of time impact may last: 0 = zero; L, = low; M = moderate; H = long-term.

91 .= local severity of impact: 0 = zero; L = low; M = moderate; H = high.
¢A = geverity of impact over a wide area: 0 = zero ; L = low; M = moderate; H = high.

SThere is an absence of perennial surface waters.
91f sited in wetlands or estuaries.
Mnsufficient information to evaluate impacts.

9
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Table 3.4. Potential accidents and their effects on aquatic resources

Blowouts Altered
or major _ circulation
“spills. Flooding . (subsidence)
(Pe/I/A%)  (P/I/A) . (P/I/A)

Geopressured
Pleasant Bayou M/H/H M/M/? 0
Sweet Lake M/H/M L/M/? - L/
Gladys McCall M/H/M H/?/? S B
Dow Parcperdue - ’ M/H/M ~ L/M/L © M/L/0
LaFourche Crossing M/H/M H/M/M L/?/?
Southeast Pecan Island - M/H/M - '~ H/H/M R AL
Blessing Prospect - Ly LML M/YL

Hydrothermal
Hawaii Flow Test L/0/0 2/0/0 0
Hawaii Research Station L/0/0 2/0/0 .0
Raft River Test Loop L/H/AL . 0 M/L/0
Raft River Pilot Plant L/H/L . - 0 M/L/0
Coso Well Test L/M/? L?/L/0 L/M/0
Baca Ranch Demonstration /H/H ? L?
Marlin Direct Heat L/2/? L?/%/0 L/0/L
Heber Demonstration L?/H/L 0 L/M/0
Brady Hot Springs - L?/0/0 L/L/0 0
South Brawley LY/H/L ? /H/?
Beryl and Lund - L?/L/0 ? 0
Roosevelt Hot Sprmgs L2/0/0 ? 0
NCPA No. 2 L/H/M : 0 . M/L/0
Westmorland Development M/H/M -~ L? - L/H/?
Oregon Trail Mushrooms L/L/L 0 0
Rorabaugh Lease /H/H L/H/M L/M/0
Republic East Mesa L/L/L - L?/L/0 L/L/0
Boise District Heating. L/L/L L¥L/0 = L/L/AO

Hot dry rock
Fenton Hill 0 ? 0

"Probablhty of occurrence 0 = zero; L = low; M = moderate;

= high.

"Seventy of impacts on local aquatic resources: 0 = zero; L =
low; M = moderate; H = high. .

“Severity of impacts on area aquatic resources: 0 = zero; L =
low; M = moderate; H = high. ..
" . %Insufficient information to evaluate the potentlal for accidents and
their effects.

alterations of moderate severity in aquatic communities locally but only low
severity in the general area. Because the EAs often did not explicitly state the
-probability, severity, or length of time of a given impact, these values were often
assigned on the basis of the staff’s interpretation of all of the pertinent information
“and analyses presented in each document. Where the EA remained silent, or no
reasonable assessment was considered possible on the basis of the available
information, a question mark was entered.
It is evident from Table 3.3 that, in the absence of major accidents, most of the
projects surveyed in this study were not expected to impose aquatic impacts of high
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or . even. moderate severlty beyond the lmmedlate or nearby env1rons P0551ble
exceptlons to this generahzatlon 1nclude Baca Ranch i in-New Mexico and Southeast
Pecan Island in Loulslana (see d1scuss1on below) :

The geopressured projects as a group, however, were predlcted to have a much
greater potential for imposing moderate-to—hlgh-severlty impacts on local aquatic
resources of relatively high value. Four of the seven geopressured projects would or
could be sited directly in wetland or estuarine waters resulting in direct destruction
of potentially high quality aquatic habitat. and its resident communities (see
Sect. 8.1.4.1 for further discussion of the aquatlc resources of the geopressured
zone). In the case of the Dow Parcperdue project, drainage ditches providing a small
amount of perenmal aquatic habitat Would have to be relocated. Additionally, six of
the geopressured projects would lie in or near habitat of the American alligator, a
species designated by the U.S. Department of the Interior as threatened in much of
the geopressured zone. None of the hydrothermal or hot dry rock projects surveyed
in this study, on the other hand, would be sited in or near habitat known to harbor
threatened or endangered aquatic species, . :

In contrast to the geopressured prOJects most of the hydrothermal prOJects and
the hot dry rock project would be sited in arid or semiarid regions having aquatic
resources of low to moderate quality and quantity or no perennial surface waters at
all, In the latter category are five hydrothermal projects (the two Hawaii projects,
Brady Hot Springs in Nevada, Beryl and Lund in Utah, and Roosevelt Hot Springs
in :Utah). and the Fenton Hill hot dry rock. project. Four of the hydrothermal
projects (Heber, East Mesa, South Brawley, and Westmorland) would be located in
the arid Imperial .Valley of southern -California.- The EAs for ‘South Brawley and
Westmorland both predicted on the basis of a study by Goldsmith (1976) that their
projects' would each contribute incrementally (a maximum of 240 mg/L/yr) to the
salmlzatlon of .the already saline Salton Sea (38,000 mg/L) as a result of cooling
tower blowdown and. consumption  of irrigation.return flow or other water that
would normally enter the Salton Sea. The EAs further stated that “the additional
water use would accelerate the approach to the critical salinity level for the survival
of fish larvae.” Apparently addressmg the issue from the perspective of full-field
development; the EAs :also stated that without a reglonal salinity-control program,
geothermal development could “jeopardize the value of the Salton Sea as a fishery,
wildfowl, and hunting resource” [26, 30].. The Heber and East Mesa EAs, on the
other hand, gave little attention to. this issue other than to state that.-the
cumulative increase in salinity and stress on fish populations attributable to each
project ‘would . be ‘minor. if the mitigative measures described in Sect. 8.2.4 were
implemented. The Westmorland EA also predicted increased competition for water
between agriculture and geothermal development after completlon of .the -Central

Arlzona Project. . .
...At least four of the hydrothermal prOJects could reduce flows from nearby hot

sprmgs (Baca and Coso projects) or rivers (Baca and the two Raft Rlver projects).
Furthermore, the Baca, Rorabaugh, and NCPA No. 2 projects would be sited near
perennial streams known for their high value as trout fisheries and for recreation.
The probability of adverse effects on these streams and their biota from
construction activities or blowouts (should they occur) was generally considered to
be moderate to high.
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With regard to major accidents, projects located in the geopressured zone along
the Gulf Coast posed the most serious potential hazards to aquatic resources. Thesé
resources, though often already disturbed by other activitiecs of man, are of
considerable value for their fisheries, wildlife, and waterfowl. As mdlcated in Table
3.4, possible reasons for these hazards mclude

® 2 greater probabxhty of blowouts or plpelme fallures due to the hlgh pressures
 and temperatures encountered in geopressured-geothermal resources;

" e a greater risk of oil pollution and oil fires or explosmn should a blowout take
place in an madvertently tapped oil formatlon, .

e the relatively hlgher probablhty of ﬂoodlng of pro;ect faclhtles (four of the
- seven geopressured projects: and especially the Gladys McCall project) which
could be sited in estuaries or wetlands subject to tides and severe storms; -

e the generally more serious consequences of subsidence in low relief estuaries
‘and wetlands of complex hydrology -and physmochemlcal dynamics such as
those dommatmg the areas surrounding most of the geopressured pro;ects and

* the often extremely low quahty of the productlon ﬂllldS (Sect. 3.1 4.1).

As shown by Table 8.4, the risk ‘of blowouts is generally lower for hydrothermal
projects. The probabilities of blowouts occurring at the Boise, Marlin, Hawaii, Raft
River, Oregon Trail Mushrooms, and Fenton Hill projects would be particularly low
because geothermal resource pressures are relatively shallow and low- to normally-
pressured or, in the case of Fenton Hill, consist merely of hot dry rock.

Subsidence could also cause serious impacts in the canal-laced terrain of low
relief surrounding the hydrothermal projects of the Imperial Valley by altering the
dominant flow regimes. Most of the EAs, however, considered the possibility of
subsidence (sufficiently serious to alter flow regimes in irrigation canals) to ‘be
remote because reinjection of spent fluids would be practiced at most of these
projects.

Some of the more likely and/or important aquatic impacts predlcted for
individual projects are described briefly below.

If a major blowout were to occur at the Dow Parcperdue project [20], severe
degradation of water quality and destruction of resident aquatic ‘biota of ‘local
drainage ditches due to salinity, heat, and contaminants was predicted. Although
degradation would be less severe in Bayou Parcperdue and its associated marshes in
terms of intensity, it would be more widespread and more important from an
ecological perspective. Entry of the hot brine into the Vermilion River would be less
disruptive to that ecosystem than to the bayou’s.

Most of the impacts to aquatic systems discussed in Sect. 3. 1 4.1 (generic 1mpacts
of geopressured development) were considered possible impacts of the Gla.dys
McCall project [20], particularly because this site lies: completely in coastal wetlands.
The project would likely alter already disturbed flow reglmes in the area (v1a road
levee, and pit construction).
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- The EA for Pleasant Bayou [14] predicted major fish kills (and implied harm to
the American alligator) in Chocolate Bayou and Chocolate Bay followmg large-scale
accidental releases of geothermal fluids.

At La Fourche Crossmg [17], possible changes in drainage patterns through
construction activities or resulting channel sedimentation could alter vegetatlon»
composition and productivity, possibly in cypress-tupelo swamps. '

The proposed test well at Southeast Pecan Island [18] could be located on a
chenier (land ridge), in marshes, or offshore. Expected impacts were basically as
described in preceding discussions for site-specific projects and in Sect. 34.1.
However, if the project were sited offshore, temporary interference with commercial
fishery operations and long-term damage to local fish and benthic mvertebrate
populatlons would be possible. This EA emphasized = the adverse effects of
constructlon of canals, predlctmg potentially severe impacts on aquatic resources if
construction were to take place in prevmusly undisturbed marsh or chenier areas.
The EA also noted that the federally designated threatened Amerlcan alligator
occurs in the prime prospect area. According to the EA, a possible benefit of
locatmg the project offshore could occur if fish are attracted to the well platform
after the project is closed down.

, Impacts of canal constructlon, mamtenance, and spoil banks at Sweet Lake [19]
were _considered - potentlally severe and. long lasting if the project were sited in
wetlands (about one—thlrd of the prime_prospect area) In the event of a blowout,
local flora and fauna w1th1n 300 m of the well would be harmed or killed by the
high sahmty of the fluid. Fish kills would be ‘expected in adjacent and downstream
aquatic systems. Contamination of irrigation water would be posslble A blowout
during drilling through an oil or gas formatlon could result in potentlally serious
oil-related effects or fire damage .

By the time the EA for -the Marlm, Texas, Dlrect Heat PrOJect [8] had been
written, the project had already caused lowered water quahty in a small pond
desxg‘ned as a catchment basin by dlschargmg to the pond via the clty storm-water
drainage system water contammated with suspended solids, drilling mud, and mud
additives. Any aquatlc ,blota in the pond. would probably be harmed by these
effluents.. .

The EA for the Coso Well Testmg Act1v1ty [4] predlcted no lmpacts on. surface

waters and theu' blota from this project because no perenmal surface waters exist

on or near the project, and fluids would be diverted to a reserve pit or an adjacent

playa Although not addressed jn the EA, the playa’s seasonal value to w1ldhfe and

waterfowl could be compromlsed if spent flulds are dlscharged to it.
The EA for Geothermal Drilling Act1v1ty in_the ‘Coastal Plain and Pledmont

fPhysxographlc Provinces of the Eastern United States [12] congidered potential

impacts on aquatic resources to be generally similar in klnd to those expected for
western hydrothermal pro;ects ‘but of even less consequence because of the small
size of proposed operations and the relatlve abundance of water in, the East. The

rate of consumption of water. would be so low that no s1gmf1cant competltlon w1th

existing water uses is expected
The Fenton Hill EA [11] addressed the only mte-specrfic DOE hot dry rock
project. Although hot water that has been circulated through the resource region
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would be released periodically down a dry arroyo, no adverse effects on surface
waters or their aquatic communities were predicted because no permanent surface
waters exist in the area. For the same reason, water requirements for the facility
would be met with groundwater or water imported by truck. Exact water
requirements. could not be predicted, but supplying them could become a serious
problem for the success of the operations. : .-

3.1.5 Land Use and Terrestrial Ecology

" This section describes impacts on land use and terrestrial ecology predicted to
result from DOE geothermal projects. Because these effects were generally minor,
stralghtforward and similar for all projects, we dispense with separate
consideration of generic- and site-specific effects in order to avoid repetition. Both
programmatxc and site- or area-speclfic impacts were rev1ewed however, in
preparing the analysis.

Predicted impacts for site- and area-speclflc pmJects are summarized in Table
3.5. With few exceptions, the type and severity of impacts were related to the scale
of the project (e.g., well testing, pilot plant, or demonstration plant) and to the
characteristics of the site, rather than to the specific geothermal technology
employed. Impacts were generally qualitatively and quantitatively similar to
construction impacts of like-sized energy production projects of other types, with
few additional impacts resulting specifically from operation of a geothermal facility.
In any case, impacts to land use and terrestrial ecology, when identified, were
almost always considered to be minor.

With regard to land use, the low significance of impacts was primarily a result
of the small areas affected and the generally compatible nature of surrounding
existing uses. In most cases, such uses were for grazing or crop production. Many
areas were of moderate or poorer quality for agriculture, as indicated by the small
proportion of projects on which prime farmland was located (Table 8.5). In the
remaining cases, projects were located in lands set aside for mdustrlal or
commercial development or already devoted to geothermal applications.
~ Impacts to terrestrial ecology, other than those due to cooling tower drift, were
similarly minor because of the small land areas involved and the usually limited to
moderate significance of the habitats affected. In a few cases, the presence of
important habitat or endangered species in the area ‘was ldentlfled usually ‘offsite,
with an attendant potential for impacts (Table 3.6). Even in these cases, however,
impacts were considered to be acceptable.

Projects involving power production were generally associated with the prospect
of impacts from cooling tower drift (Table 8.5). Impacts were linked to effects on
natural or agricultural vegetation by salt concentration, biocides, or other additives,
or heavy metals or other chemicals from geothermal waters present in damaging
levels in drift. There was always a high level of uncertainty about the
concentrations of these materials in drift and their potential effects on the
surroundings; hence, drift effects were often a subJect of mitigation and momtormg
recommendatlons (Sect. 3.2.5).
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Table 3.5. Major impacts predicted for site- and area-specific geothermal prcjects
on land use and terrestrial ecology (excluding major accidents)

"Land area  Prime farmland Endangered Important features Damage

Project disturbed disturbed ° gpecies or habitat from
(ha)® (ha)® affected® disturbed® drift
Dow Parcperdue . 2 2
Gladys McCall 2 0 X
Sweet Lake 2 2 X
Pleasant Bayou 2 0
Blessing Prospect® -2 2 - . X
LaFourche Crossing® L2 0 - ' X
Southeast Pecan Island® 2. 0 X
B Hydrothermal 7
Heber Binary Cycle 9 9 X X
Westmorland =~~~ 40 0 X
South Brawley 80 2 X
Rorabaugh 10 0 X X
Coso 4 0
Baca 60 - 0 X X
Boise 5 - 0 X
Raft River 45 0
NCPA No. 2 12 0 X X X
Brady Hot Springs 2 0
Beryl and Lund 56 0 X
Roosevelt Hot Springs 14 0 X
Hawaii 2 0
Oregon Trail Mushrooms 4 4
Marlin 1 0
: ; " Hot dry rock
Fenton Hxll . . 6 [ AR X

%1 ha == 2471 acres. :
.®Includes listed or proposed, state and federal endangered, threatened, or rare plant and ammal specxes
whnc'h could be significantly affected ;

"“¢Includes features such-as springs, seeps, and dens or nesting areas and habitat such. as important
wintering grounds, hlghly productxve wetlands or important feeding areas (e.g., grain fields) which could be
significantly affected. . .

_ S%Area disturbed eould be somewhat greater if lengthy new access roads were needed
'Informatlon refers to WOrst impacts for 8 smgle site w1thm a larger prospect area.

Also uncertam, and not 1dent1f1ed in Tables 3 5 and 3 6, were potentlal effects of
;accldents ‘Most: documents identified- the possibility of blowouts and other spills of
geothermal flulds but neither the probability of spills nor. the nature and extent of
effects could be accurately specified,. The probability of a blowout was generally

- identified as low, and the areal extent of effects, if mentloned iwas in. the range of
1 to .5 ha. Again, preventzon of blowouts -and- other spxlls was the subject of
‘mitigation measures (Sect. 3.2. 5) -
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Table 3.6. Summary of important habitats and species potentially subject
.. to damage in the areas of specific geothermal projects

Project =~ Endange;ed species Co Habitat affected
Gladys McCall None Surrounding marsh :
Sweet Lake None : : Rice fields used by waterfowl
Blessing Prospect None Grain fields, riparian woods
LaFourche Crossing None Marsh, cypress-tupelo swamp
Hydrothermal | | ’
Heber Binary Cycle Flat-tailed horned lizard Natural desert vegetatlon : o
Rorabaugh Hot springs panic grass 0ak woodlands E
Baca Three state rare plants; Salamander and elk habltat
salamander
Boise Proposed rare plant : - Woodland
- gpecies (wild onion) S
NCPA No. 2 Proposed rare plant Seeps and riparian habitat
(jewel flower) O
Hot dry rock
Fenton Hill None Elk habitat

3.1.6 Cultural and Socioeconomic

3.1.6.1 Generic impacts

Except for the use of geothermal surface manifestations (e.g., hot springs,
geysers) as religious or cultural resources, the cultural and socioeconomic impacts of
geothermal development are not unique when compared to other energy
development and utilization projects.

Programmatic documents predicted that potential impacts of geotherma_l
~ development on socioeconomic factors such as housing, services, and transportation
would be the result of the increased workforce required for a particular project and
increased vehicular activity necessary to access the site with ‘equipment and
materials. Many geothermal developments in the West, Southwest, ‘and Pacific
regions are located in areas with sparse populations where significant population
increases could stress local services. These areas may also be pristine, in which case
the industrial nature (drill rigs, power plants, plpehnes, cooling -towers, steam
plumes, and transmission hnes) of geothermal exploratlon and development can
degrade aesthetic qualities.

‘Geothermal development at sites in proximity to natural or historic landmarks,
national parks, archaeological or historical sites, and cultural resources of groups
such as native Americans could result in disturbance and potential degradation of
these resources. Federal and some state laws require consultation with appropriate
responsible agencies and parties regarding historic/cultural resources prior to
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ilmtlatlon of a pro,]ect Such requlrements help to 1dent1fy issues that may be

mitigated and sometlmes lead to abandonment of the prOJect or selectron of an

k alternatlve

3. 1.6 2 Srte-speclfic lmpacts :

Most s1te-spec1f1c DOE geothermal pro;ects were expected to create llttle
potential for impact to socioeconomic or cultural resources, except .as noted. The

~Heber demonstration  project was identified - as one which might have adverse

impacts on local housing availability. ‘Aesthetic impacts were predicted for the hot

“dry rock and geopressure development sites as. well as the Baca and Heber
. demonstration projects, based on the terrain -and scenic value of the development
.areas and the. physical nature (e.g., size or land -use requirements) of the projects.

Archaeological/historic sites and natural areas near these same 81tes were

Pcons1dered as potentially vulnerable to project activities. -

‘A potential local traffic problem was predicted for the Havran Geothermal Well

. Test project. In addition, mention was made of :the likelihood of socioeconomic and
- cultural resource impacts in the event of a major accident such as a well blowout.

Concern was also noted regarding :the potential conflict of geothermal development
with indigenous religion in the vicinity of the Hawaii project.

The greatest potential cultural impact of any project was identified at the Baca
demonstration project in Sandoval and Rio Arriba counties, New Mexico [7]. The

_project was considered llkely to infringe on Indian religious practices in one or more
" of the followmg ways: (1) destruction of rehglous sites; (2) destruction of sacred

objects including plants, water, animals, birds, trees, and shrubs, (3) increased
opportunity for invasions ‘of privacy; (4) contamination and/or reduction of the
availability of water for sacred practices; (5) depletion of the flow of sacred
springs; and (6) interference with access to religious sites. However, the full extent
of any possible infringement was not predicted -because locations of religious: sites,
dates and times of ceremonies, and other details concerning rehglous practlces were
considered pr1v1leged 1nformatlon by the natlve Amerlcans

3.2 RECOMMENDED MONITORING AND MITIGA'I‘ION MEASURES L
3.2.1 Air Quality

To minimize ambient air quality 1mpacts of hydrogen sulfide released from

) geothermal brme/steam during well testing and production, abatement systems that
.use -the Stretford process were recommended These systems ‘convert” hydrogen
f;_'sulflde to elemental sulfur which can usually be readily dlsposed of or marketed
- For example, use of such a system at the NCPA No 2 [33] project was predlcted to
f',ﬁreduce emissions of hydrogen sulfide from a range of 44 to 80 kg/h during
~_normal plant operation to a range of 15 to 26 ke/h. Secondary abatement Wlth
* hydrogen peroxide/iron ‘sulfate catalyst would further reduce emissions to

2.7 kg/h, well below the state requirement of 11 kg/h.
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- For all projects, fugitive dust resulting from construction and/or vehicular
activity was predicted to be maintained at mmgmﬁcant levels by graveling and/or
frequent spraying of roads and disturbed lands with water or other wetting agents.’

Particulates resulting from drift emitted from the cooling tower(s) during power
plant operation were to be controlled by drift eliminators. State-of-the-art
technology was proposed by DOE for all projects requiring. drift eliminators. For
the Heber demonstration project, this would involve installation of a system with
‘an efficiency of 99.8% or better. Selection of drift eliminators for a specific project
would ultimately be based on air quality modeling of drift and prediction of
subsequent impacts or extrapolation of impact predictions from projects involving
‘similar activities, equipment, and physical/climatic features.

-In some cases, DOE committed to air quality monitoring in order to 1dent1fy
: sxgmﬁcant ambient changes that had not been predicted or to develop baseline data
from which long-term project impacts could be measured. At the Hawaii project {1),
for example, monitoring. of -mercury and hydrogen sulfide emissions was
recommended because these pollutants were a concern during flow - testing.
- Additional ambient monitoring of mercury, arsenic; hydrogen sulfide, sulfur dioxide,
‘and sulfuric acid was also proposed for the research station [5).. Additional
commitment to air. quality monitoring was outlined in environmental monitoring
plans for all phases of the geopressure program (construction, drilling, and testing).

322 Noise

7 The major mitigating and correctlve measures recommended for decreasmg noise
, produced by geothermal projects mclude the following: '

¢ use of noisy construction equipment restricted to daylight operation,; |

* use of muffled diesel rigs, | o

* avoidance of aii' drilling when possible,

e venting of wells through muffled vents or submerged discharge diffusers, and

¢ selection of sites adequately distant from sensitive noise receptors.
3.2.3 Groundwater, Geology, and Soils
3.2.3.1 Groundwater

. DOE recommended that mltlgatlon of groundwater contammatlon be
_accomplished by preventive and corrective actions, To prevent surface infiltration
__and leachlng, brine or llquld waste storage pits would be constructed with
N 1mperv10us liners to contain potentlally toxic substances. Reserve ponds, evaporatlon
pits, and drainage channels also would be lined with i impervious materlal and would
have a minimum freeboard height of 1 m (3 ft). Leakage from well casings could
~be hmlted by overlappmg and cementing casing sectlons to a depth of 30 m
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(100 ft). Annular space of each well would be cernented completely Vfrom ‘the
formation to the surface to provide greater stability, to ensure sealing of overlying
aquifers and fault zones, and to control pressures.

3.23.2 Soils

To minimize erosion during construction at geothermal development sites, DOE
recommended that careful engineering design and site selection precede initiation of
excavation and earth movement. Adherence to sound construction practices was also
recommended for all projects. Typical mitigation measures included

- ..o protection of steam gathering lines from contact with the s011
"IV‘VO use of sulfate-resrstant concrete R
. removal or. consolldatlon of sorls unsultable for supportlng foundatlons,
e careful des1gn and gradmg to mlmmlze cut and fill;
clearlng of areas ln stages to mlmmlze exposure tlme,
. plantmg of cleared areas w1th appropnate vegetatlon, and

e diking of roads and drill pads, directing runoff to settling ponds.
3 2.3. 3 Geology

Both -induced subs1dence and depletlon of ﬂulds in the geothermal ‘reservoir could
be mitigated by reinjecting as much of the spent produced fluids as possible. In
most cases, less than 100% of produced fluids would be available for reinjection due
to evaporation losses. If reinjection into the producing reservoir were not. possible
(e.g., all geopressure projects), spent fluids would be mJected into an overlying
aquifer with similar chemical characterlstlcs (especially salinity or dissolved solids)
. to avoid contamination. . ,

With regard to induced selsmlclty, recommended mltlgatmg measures mcluded
injection by gravity alone, by reducing injection pressures, or by selecting shallower
“depths for disposal With regard to impacts due to accidents, in nearly all of the
"EAs, DOE committed to the use of high-pressure blowout prevention equipment to
reduce the potential threat of a well or subsurface blowout to groundwater, geology,
-and  soils.’ Such - equipment 'was not- required -in . projects involving . shallow
: exploratory wells (less than about 2500 ‘m) when the risk of blowout was. mlmmal
(e.g., Coso [4]). |
- DOE also stated its intent to momtor subsrdence and ‘seismic actmty for
numerous projects (e.g., ‘Fenton Hill, Raft River, ‘South Brawley, Roosevelt Hot
Springs, Beryl and Lund, and all geopressure projects) and to monitor groundwater
quality and quantity to detect contamination as early as possible and to prevent
significant lowering of the water table in areas of groundwater scarcity.
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3.24- Sqrfaoe Waters and Aquatic Ecology
3.2.4.1 Geopressured projects

The several generic and site-specific environmental assessments concerned with
development of geopressured resources examined in this retrospective  study
recommended the following measures for mitigation or monitoring of impacts to
surface waters and their aquatic communities: C

- ‘@ gvoidance of activities during seasons when Wlldllfe and land uses would be
“most affected, and avoidance of federally protected lands or habitats for rare,
threatened, or endangered species;

® minimization of erosion by graveling (with gravel or shells) or planking roads
and other disturbed areas that must remain cleared of vegetation; utilization
of existing wells, roads, canals, etc., when possible; reestablishment of natural
contours and native vegetation at other disturbed areas; limiting the size of
drilling rigs and support facilities to the smallest size possible; stockpiling of
topsoil for reuse; and careful alignment of roads parallel to dune ndges,

¢ use of ring dikes and adequately smed and lined mudplts and reserve nonds
around wells and their support facilities to contain all leaks, spills, and runoff
other than a large-scale blowout; .

¢ use of nontoxic drilling muds where practicable;

¢ use of blowout preventers, high-pressure pipes and valves, proper cementlng
and .overlapping of casing, and establishment of a spill prevention and
. countermeasure plan;

~ ® periodic inspection of dikes, fluid storage tanks, ponds, and plts to lower the
) potentlal for accidental SplllS,

¢ reinjection of all geothermal brines;

* shutting down or reducing rate of flow of production wells if reanect1on wells
‘ are 1nadequate for dlsposal of all geothermal fluids; -

. hydrodynamlc and pollutant transport modeling of a speclflc s1te to enable '
. prediction of the distribution and fate of geopressured efﬂuents and thelr
constituents; and r

¢ after completion of a given project, removal or disposal of all potentlally
hazardous fluids and materials, followed by restoration of the snte to lts
natural condltlons as nearly as practical.

. Several important. mitigative measures recommended for only one or two
speclfic prOJects as follows are listed in Table 3.7. :
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Table 3.7. Examples of specific measures recommeoded for mitigating ‘

a_lguatic impacts of geothermal projects

Project

Mitigation measure
" Dow Parcperdue Shunt any uncontrolled release of brines e,way from
T - ‘sensitive wetlands to less sensitive Vermilion River -
" Gladys McCall Use an existing well site and confine all activity to
‘ within site levee and existing plank road; -
Sweet Lake . . ~ Align spoil banks parallel to natural drainage;

Southeast Pecan Island

Westmorland end Baca
Ranch

Raft River

B Rorabalixgli‘ B

" Marlin

“Beryl and Lund

“ i Coso

permanently block canals after project completion; limit
speed of canal traffic to reduce erosion and sedgmentatlon

Restore natural drainage by closing canals and
breaching spoil banks after project termination; use
exlstmg remJectlon wells

~ Cease irrigation of some agrlcultural land to

limit water use

Avoid riffle areas for pipeline crossings; use flexible
pipe or Jomts to prevent pxpelme ruptures in the case of
-gubsidence - ;

Restrict earth-moving operations to rainless days; design
berms and sumps to contain potentially toxic spills

” Retain geothermal fluids in temporanly cooling/settling; -

construct stair-step waterfall for aeration of fluids

- Site wells away from playas or washes ‘-
" Site wells away from springs and seeps

3.2.4.2 Hydrothermal projects

The hydrothermal subprogram EA [2] recommended .the following measures for

1t1gatlon of adverse effects of development on aquatic resources:

_ mmlmlzatlon of erosxon by revegetatlon, approprlate dlklng, trenchlng, use of
 mats,. retentlon of buffer strlps of undlsturbed vegetatlon, and gravelmg of
‘roads;

of runoff;

env1ronmentally acceptable dlsposal of hquld construction wastes and other

effluents;

'provxslon of lmpermeable hmngs for sumps, :

'approprlate smng of sumps w1th respect to Iocal topography to reduce effects

~

reinjection of spent fluids and cooling-tower blowdown; - - .

use of settling or evaporation ponds when necessary to protect aquatic

resources; and

use of blowout preventers and related control equlpment
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3.2.4.3 Hot dry rock projects

The hot dry rock subprogram EA [10] suggested several measures that could be
taken to mitigate the adverse effects of development on surface waters and aquatic
ecosystems and identified areas in need of effective, but as yet unspecified,
measures for mitigation. To reduce the impacts of construction-induced turbidity
and siltation on streams and their aquatic commumtles, the following measures
were recommended:

* minimization of disturbances of vegetation and soil from the outset;
¢ graveling of roads;
e retention of vegetation buffer Strips;

* appropriate installation of dikes, trenches, and mats to mtercept and divert
runoff; and

* revegetation of disturbed areas.

- Appropriate placement of sumps with respect to local topographic features and
the use of impermeable liners was recommended to decrease the risk of sump
.failure or leakage. Finally, the EA recommended that cooling tower blowdown
either be carefully managed for flow rate and quality or diverted to settling or
evaporation ponds having impermeable liners.

With respect to the one site-specific project examined in this study (Fenton
Hill), releases of circulation water from holding ponds must meet the conditions set
forth in a National Pollutant Discharge Elimination System permit. Water
treatment and monitoring before release would also likely be necessary according to
the EA.

3.2.5 Land Use and Terrestrial Ecology

Because of the limited impacts expected on land use and terrestrial ecology,
mitigation measures were directed primarily at (1) avoiding unnecessary land use,
(2) clarifying uncertainties (e.g., drift effects), and (8) minimizing effects on site-
specific ecological features or important species. '

Mitigation measures recommended for geopressure projects were virtually
identical. These were discussed in detail by Reed et al. (1983) for the four site-
specific projects which were built. Summarized, they include the following:

e constructing and vegetating a ring levee around the site;

placing gravel, shell, or boards on roads and well pads;

installing blowout prevention equipment;

* removing or reinjecting wastes; and

restoring the site by complete removal of faclhtles, replacement of topsoxl and
revegetation. :
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Recommended mltlgatlon measures for other pro,]ects were dlrected at reducmg
-or eliminating disturbance to. important species or habitats in- the area. With the
exception of drift, which is discussed below, these measures are summanzed by
;project in Table 3.8. - Con o

- - Projects - involving. power - plants (Heber, Westrnorland, : South . Brawley,
Rorabaugh,- Baca, -Raft River, Beryl and Lund, and-Roosevelt Hot Springs) all
incorporated drift eliminators into their cooling tower des1gns For Baca and Raft
River, this action was expected to remove drift effects on land use and terrestrial
ecology as significant impacts. Those projects for which uncertainty remained were
-identified in Table 3.5 as subject to potential damage from drift. For these (Heber,
Westmorland, South Brawley, Rorabaugh, Beryl and Lund and Roosevelt Hot
Springs), further measurement of cooling water characterlstlcs (e.g., dissolved
solids, arsenic, boron and blocldes) and momtorlng of drlft effects ‘were
recommended. _’ 7 o , - ~
. Table 3.8. Specific measures for mitigating impacts to land use
- and terrestrial ecology recommended for geothermal projects

' P;oject,, - R Mitigation measure

.. Heber - . . ... Cluster wells to avoid prime farmland
o ‘ " Fence evaporation basin to discourage .
wildlife use o
_ Survey potent1a1 evaporation pond sites for,
. and avoid areas with, ﬂat-talled horned hzard

Westmorland Route transmission lines to minimize
L iy waterfowl colhslons

'-fBaca SEERE T Avoxdelkwmterrange

Survey potential routes and sxtes for, and av01d areas . "
with, salamander and endangered plant habitat "

‘iBoise ©~° - - Survey potential site for, and avoid areas w1th
= { proposed endangered wild onion

- .. Raft Rwer . _;Mamtam 50-m buffer on each stde of stream

v vBeryl and Lund 7 ‘Maintain l-km buffer around butte raptor
habitat

“ ' Rorabaugh '~ . ‘Implement measures to limit erosion and
‘ ~ sedimentation
' 'Use drains’ to mamtaln water supply for
wildlife - N
Revegetate dxsturbed areas wnth natlve
species - e LR IR T et

'3.2.6" Cultural and Socioeconomic -

[ BT

~;For -all projects, DOE ‘stated its intent with regard to the preservation of

: archaeological, historical, or cultural resources. Prior to .grading and site

preparation activities in areas where archaeological resources were known to exist,
DOE would require that surface collection samples be taken by a qualified
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archaeologist. Systematic collection would then be conducted if it were determined
‘that artifacts or sites would be affected by construction activity. For major projects,
such as Baca, DOE commltted toa formallzed mitigation plan prlor to initiation of
the project. '

A significant issue resulting from the proposed Baca demonstratlon pro;ect [7]

‘was

the conflict of geothérmal development with native American resources

(Sect 3.6.1.2). DOE’s plans for mitigating the confhct mcluded the followmg'

,,an investigation would be made to determme if the 81te were related to natlve

- :American religious sites or ceremonies;

if ‘the site were currently the subject of religious practices, religious leaders

‘would be consulted to determine whether the proposed actlwty would mfrmge

on the free exercise of religion;

if consultation mdlcated there would be an infringement, alternate plans
would be prepared in consultation with religious leaders;

if no alternate plan were feasible, and a conflict persisted, the DOE Assistant
Secretary for Environment would balance the compelling interest of the
proposed activity with the infringement on the free exercise of religion; and

any decision to proceed with the proposed activity would be approved by the
Secretary of DOE.

As an alternate ‘plan, DOE pfopqsed the following provisions on which to base a
mitigation plan for protecting religious freedoms of native Americans:

consultation with native American leaders on the design, siting, and
construction of power plant facilities, including transmission lines, to minimize
impacts on areas of religious significance;

consultations throughout the operating period of the facility to assure
minimum interference with religious rights and practices;

protection and preservation of religious sites located in the project area or
otherwise under the project operator’s control;

guarantees of access to religious sites under the project operator’s control;

prompt notification of native American leaders in case of an accident that may
cause contamination of f;eshwater supplies;

assistance in identifying areas within the Baca location where religious objects
may be collected; and

consultation on plans for any future geothermal development by the project
operators in the Baca location.

7 Potential socioeconomic problems requiring mitigation were predicted for only a
“few Of DOE'’s proposed geothermal projects. At Heber, mitigation was recommended
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to reduce the potentlally adverse impact. of demand for temporary local housing

- beyond the means of the -existing market. It was recommended that advance

planning for housing needs and correspondmg housing resource requirements be
coordinated among the project proponents, county, and local planning officials. To
mitigate traffic impacts; carpooling of drilling and construction crews was suggested
as a means of decreasing the number of commuting vehicles coming into the project
area on workdays. Also, staggering drilling and construction crew work shifts could

_mitigate traffic problems during the early morning and late afternoon hours. For

several projects, including those at the Geysers and the Heber project, it was
recommended that above-ground pipes be painted earth-tone colors to reduce wsual

.impacts,

‘33 SUMMARY

In éeneral, environmental analyses of geothermal projects portrayed potential
impacts as relatively benign in comparison with most other energy-producing
technologies. Fewer impacts were predicted, and, when present, their consequences
were usually not expected to be serious. In many cases, impacts could be
substantially mitigated . by appropriate siting, design of facilities, and use of
appropriate control technologies.

Environmental impacts of geothermal projects, their probability of -occurrence
and their severity, are summarized in Table 3.9. Among the potential impacts most
frequently cited, and hence judged most likely to occur, were air . pollution
(particularly by hydrogen sulfide), high noise levels, .increased . erosion and
sedimentation, and use of land for geothermal development of these, only air
pollution - had potential for severe impacts. Even in this case, nuisance odor of
hydrogen sulfide was-the major impact, and current control technologies were
generally predicted to be adequate to reduce impacts to acceptable levels. Impacts

~ with a moderate probability of occurrence included subs1dence, water pollution and

consumption, local climatic changes, and habitat disturbance. Severlty of impacts
was anticipated to be high for water consumption and sometimes high for water
pollution. Problems with consumption arose because areas in which water was
needed for geothermal activities also tended to be areas where supplies were limited

‘and where there were other heavy demands (e.g., 1rr1gatlon) placed on water
~ supplies. For certain Imperial Valley prOJects, accelerated sahmzatlon of the Salton
" Sea &nd potentlal adverse effects on its ﬁsherxes continue to be a concern. Other
moderately probable 1mpacts were of low to moderate potentlal severlty, dependmg\
" on site- and resource-speclflc parameters. Impacts conmdered ‘unlikely to occur
_included selsmlclty, well blowouts and cultural and socioeconomic effects Severity
“of these impacts was generally hlghly mtuatmn-dependent ‘and could not be easily
;k’predlcted Selsmlclty, for example, could ‘be of a magmtude varymg from
,‘_unnotlceable to that of a major earthquake The effects of blowouts would depend
“on brine chemlstry, site and area ecology, and the magmtude and duratlon of the
~accident. The potent1a1 for serlous confllcts Wlth natlve Amerlcans was
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Table 3.9. Estimated probability of occurrence and severity of potential impacts from

geothermal projects, as predicted in environmental analyses

E . Probability Severity of
I’“Pa,“ , of occurrence Resource type consequences
Land subsidence Moderate Water-dominated Variable
. ) v Ci hydrothermal 7
Induced seismic activity Low All Variable
- (including earthquakes) o , 7 L
Air pollution resulting from High All Low to moderate®
- discharge of noncondensable ' 7
gases (e.g., hydrogen sulfide) :
High noise levels of drilling High All Low to moderate
and plant operation
Chemical or thermal pollution Moderate All Moderate to high
of surface waters and groundwaters :
Well blowouts Low Hydrothermal; Moderate to high
o ' " geopressure ' ‘
Il;creaéed erosion and High All Moderate
sedimentation -
'ConsumptAion of water for High Water-dominated " High -
cooling purposes hydrothermal, hot
dry rock
Use of land for wells, power - High All Low
plants, transmission lines
Short-term climatic changes Moderate Hydrothermal Low
Disturbance of natural habitat; Low to moderate  All Low to moderate
alteration of ecosystems : :
Conflicts with cultural and Low to moderate  All; mainly in " Moderate to high
. archaeological values western regions
Socioeconomic problems Low All Low

%Assumes use of drift eliminators on cooling towers and Stretford process or comparable abatement
system for hydrogen sulfide control.

demonstrated by the Baca project, although other cultural and socloeconomlc
problems were generally perceived as of low severity. A

Mitigation measures, including proper siting, good construction practices, sound
plant design, and control technologies, were recommended for most of the impacts
in Table 3.8. Proper site selection could avoid or lessen disturbance of natural
“habitats, conflicts with cultural and archaeological’ values, and the potential for
water pollution. Proper siting could also lessen the severity of consequences for air
pollution, noise, water pollution, and use of land. Good construction practlces could -
minimize minor air pollution from fugitive dust and limit erosion and
sedimentation. Plant and well field design could limit land use (eg., by clusterlng
~wells) and pollution probabilities (e.g., by use of sumps). Control technologies are
available for reduction of air pollutants (including hydrogen sulfide and drift),
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noise, and prevention of blowouts. In addition, the technology for reinjecting spent
geothermal fluids, available from the oil and gas industry, was refined and applied
to geothermal brines. Reinjection greatly lessened concern over waste disposal as a
major impact and reduced the probability and degree of subsidence.

For projects in the geopressured zone, these conclusions must be qualified
somewhat. Although individual test wells were not expected to have serious impacts,
extensive development could threaten important biological resources. Construction
effects, subsidence, and well blowouts associated with larger projects located in the
coastal region of Texas and Louisiana could seriously alter the circulation patterns,
water chemistry, and thermal regimes of coastal wetlands, with consequent adverse
effects on the abundance of commercially and ecologically important organisms
(e.g., fish, shrimp, crab, and oysters). Mitigation measures could only partially
reduce the probability and degree of such impacts.

The environmental documents reviewed in this section took account of both site-
specific analyses and the current state of knowledge regarding impacts of
geothermal development. Because geothermal development was and is relatively
limited, both in this country and elsewhere, there is a need to verify the nature and
extent of predicted impacts. It is important to establish which of the projects
covered by environmental analyses were carried out and, for those that were, how
the observed impacts actually compared to predictions. The results of these tasks
are reported in Sects. 4 and 5.



4. CURRENT STATUS AND ENVIRONMENTAL CONCERNS
OF ACTIVE DOE GEOTHERMAL PROJECTS

4.1 INTRODUCTION

This section reports the status of ex1st1ng DOE geothermal prOJects and reviews
known environmental impacts, momtorlng, and mitigation by prOJect A comparison
with predlctlons ‘and recommendatlons made in the correspondlng environmental
impact statement(EIS) or EA is mcluded Where possrble ‘The purpose ‘of this phase
of the study was to SR :

e ascertain which predlcted 1mpacts had or had not occurred

¢ verify that recommended or other approprlate mitigation and momtorlng had
been conducted; .

¢ identify analytlcal hmltatlons in the EA or EIS; and

e contribute to the hterature on actual env1ronmental 1mpacts of geothermal
development :

The followmg dlscussmn is ORNL’s staff assessment whlch is based on
telephone and personal contacts” with government and industry personnel (Table
2.2). The organization and presentation of results for the pmJects varles according
to the nature and detail of avallable information. -

4.2 CURRENT STATUS OF DOE GEOTHERMAL PROJECTS

The current status of extant DOE: geothermal prOJects is glven in Table 4.1. The
general nature of expected envu'onmental concerns, excluding potential effects of
accidents, is also stated.. Of, the 24 speclflc projects for which EAs were written
and which were rev1ewed in . Phase I, 16 still exist. None of the cancelled projects
for which an EA -was issued’is known to have been terminated for, env1ronmenta1
reasons. Only. eight of the remaining projects are currently operational, of which
three are geopressure test wells, to be decommissioned within the next two to three
years. Of the nonoperating projects, only the Raft River pilot plant and test loop
has been carried through to completion. The Hawaii test facility is operational but
is the subject of litigation regarding effects of future development on local ambient
air quality (hydrogen sulfide concentratlons) and n01se Other projects are in early
stages of design, exploration, or construction. - :

4-1



Table 4.1. Current status and possible environmental concerns of DOE geothermal projects

Project (state) Status Environmental concerns Reference (date)
Geopressured v
Dow Parcperdue Restoration complete Insignificant . Draft EA (1980)
Gladys McCall - Flow testing Minor impacts on marsh EA-0134 (1980)
Sweet Lake Well shut in ~ Minor EA-0065 (1980) -
Pleasant Bayou _ Flow testing Minor EA-0013 (1978)
’ Hydrothermal :
Brady Hot Springs ~ Operational  Insignificant , " EIA/GE/T1-5 (1977)
Westmorland Field development Several minor impacts EA-0058 (1979)
South Brawley Field development Several minor impacts EIA/GE/T1-7 (1977)
East Mesa Field development Several minor impacts . - EA-0089 (1979)
Heber Early construction Several minor impacts EA-0119 (1930)
NCPA, Geysers Operational Several minor impacts Joint study®
Boise Construction Insignificant Draft EA (1981)
Raft River Complete, for sale Few minor impacts - EA-0090 (1979)
Marlin Operational Insignificant EA-0117 (1980)
Baca Abandoned before construction Minor restoration impacts EIS-0049 (1980)
Hawaii Operational Noise, hydrogen sulfide EA-0071 (1979)
Hot Dry Rock g
Operational Few minor impacts . EA-0091 (1979) '

Fenton Hill -

sNorthern California Power Agency, NCPA No. 2 Geothermal Power Plant, Final Joint Environmental Study.
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4.3 ENVIRONMENTAL CONSIDERATIONS OF DOE GEOTHERMAL
~ PROJECTS

431 Hawaii

4.3.1.1 Impacts

The Hawaii Well Test and Research Station projects [1, ,5] involved the drilling
of one geothermal well, testing of the physical and chemical characteristics of the
resource, and the construction and operation of a power plant to generate

Vrapprox1mately 3 MW of electrlclty To date, there has been

emo vmlatlon of amblent air quality standards,
»- n01se levels less than 100 dBA at the nearest sens1tlve receptors,
* no degradatron of groundwater or surface water (catchment basins),
¢ no significant conflict with cultural resources, and -
- no significant socioeconomic impacts. -

As predicted, hydrogen sulfide emissions were frequently noticeable (by odor)
during well testing and are -occasionally noticeable ‘during power plant operation
when the turbine is down and the steam 1s vented to the atmosphere, bypassing the
primary hydrogen sulfide ' abatement ‘system (1nc1nerator-scrubber) Ongoing

_monitoring -at ‘the site and .at stations in nearby residential areas has recorded a
- maximum hydrogen sulfide level of less than 50 ppb during worst-case conditions
- (open . venting).. This level produces .a ‘detectable odor- and exceeds - California

standards of 30 ppb. (There are no federal or Hawaii state standards for hydrogen

sulfide.) There is no evidence to suggest that such levels present health hazards.
Noise levels from the venting of steam have been minimized by a rock muffler.

The hum of machinery is audible at the plant boundary but not at senmsitive

Eareceptors (e.g., nearby houses, hospitals, schools). A loud rumble audible at a
' distance of 900 to 1000 ‘m is evident during plant start-up and well clean-out and

lasts about 1 d. A noise resembling a sonic boom is also heard at the same
distance during steam-cleaning of 'pipes. However, these noise levels are:attenuated
to acceptable levels over the distance between the plant and nearby residential
areas, as indicated by resuls of noise momtormg

4.3.1.2 Mltlgatlon and momtormg Shvnol e

o Mltlgatlon measures recommended by DOE in lts EAs mcluded

e iron catalyst or Stretford process for hydrogen sulflde abatement

" , "- standard noxse mufflers for equlpment/machmery and for vented steam, and

. careful scheduling of operatlons to minimize noise impacts. -

The hydrogen sulfide abatement system actually used at Hawaii is an
incinerator-scrubber (NaOH) that is reported to be 99.9% efficient. Noise from
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vented steam is attenuated by a rock muffler. Standard engineering design mufflers
are used on equipment and machinery. Operations producing the hlghest no:se levels
are conducted only during daytime hours.

Monitoring at and near the Hawaii site has included measurements of air and
surface water quality and ambient noise levels. The monitoring program has
revealed no standards violations and no significant impacts.

4.3.2, Impe_rial Valley, California
4.3, 2 I Impacts

The four extant projects in the Imperial Valley (Heber 9}, Westmorland [29],
East Mesa [30], and South Brawley [25]) are still in-early stages of development. All
projects are to consist of testing, field development, and construction and operation
of power plants ranging from 48 to 556 MW(e). Minor, short-term lmpacts which
were predicted and have occurred for all four projects include

o fugitive dust from traffic and excavation;

® noise greater than 100 dBA from drilling, testing, and operation of heavy
equipment;

¢ minor pollutant emiséions from vehicles and equipment; and
e infrequent hydrogen sulfide odor dui‘ing flow testing.

Although the potential for subsidence and induced seismicity will exist
throughout the life of the projects, state and county officials expect the probability
for both to be quite low. As predlcted impacts due to increased construction trafflc
have not been significant.

4.3.2.2 Mitigation and monitoring
Mitigation measures which were recommended and have been instituted for all
- projects include 7
* use of modern vehicles/equipment with pollution control devices,
¢ spraying and/or gravelling of unpaved areas to reduce fugitive dust,;
¢ use of modern mufflers on vehicles and equipment to reduce noise, and |
¢ scheduling of operations during daytime hours. |

Monitoring of subsidence and seismicity is performed throughout the Imperial
Valley in a network involving the U.S. Geological Survey, California Division of Oil
and Gas, and Imperial County. Independent monitoring may also be conducted by
developers; for example, Chevron is presently monitoring seismicity in the Heber
field. Ambient air quality monitoring is performed by the Imperial County Air
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Pollution District for the State of California. Water quality is regulated by permits
and orders of the regional office of the California ‘Division.of Water Resources.

433 “(v?-reopressnre Projects, Texas and Louisiana
d-.3.3.1 ‘lmpacts o

| The ‘f'o'ur vgeo;‘)ressure projects .(Pleasant Bavou [14], Sweet Lake [19], Gladys
MeCall [21], and Dow Parcperdue [20]) consist of ‘well drilling into the geopressured
geothermal - zone . .(3000.to - 4000 m), - testing - of physical ' and chemical
characterlstlcs of the resource, and the production and sale of natural gas All wells
have been drilled and have been tested to varying degrees. :

Actual impacts were less severe than impact predictions in the EAs for these

projects. Minor, short-term impacts that were predicted and occurred for all four
projects included

¢ fugitive dust,
. ® gaseous vehlcle/equlpment emlssmns, \
. hmlted eroswn, and -
. noxse levels above 100 dBA

In addltlon, contamlnatlon of a small area of marsh water and sedlment may have
occurred - at the Gladys McCall site as a result .of disposal -of drilling mud in an
unlined pit. The Dow project- was completed in an.environmentally acceptable
manner . and the .site . restored  to: its . original condition .(Reed et al. 1982).
Temporary minor soil contamination and degradation of groundwater because of a
torn liner in the brine storage .pit was experienced -but not to the extent that
vegetation or wildlife was or is likely to be affected. Prompt . removal of
contaminated soil and reinjection .of fluids. remammg in the ‘brine plt prevented
Wldespread long-term contamination. Ao I PIIPESN e

a 332 'Mi'ti'gationfand’ 'monitoring v

Desplte recommendatlons in the EAs, the geopressure prOJects did not requlre
hydrogen- sulflde abatement systems because ‘concentrations were low enough to
allow flarmg of the gas’ without violating standards. Mufflers - on vehicles” and
equipment minimized noise to acceptable levels at sensitive receptors Brine storage
and drilling mud dlsposal p1ts ‘were hned at the Dow s1te but unhned at Pleasant
Bayou and Gladys McCall. - :

Momtormg recommended and actually conducted 1ncluded

~®.air quahty,
e groundwater,

e surface water,
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. n01se, and
. selsmlclty and subsndence

Air quality and water quality monitoring yielded data that indicated no
significant change in ambient levels of pollutants. Noise monitoring at Pleasant
Bayou provided information that corresponded well with predictions derived from
noise modeling; that is, noise levels due to well drilling and testing at the
geopressure project sites were within acceptable levels at sensitive receptors As a
result, noise was not monitored at the other three project sites.

Seismic and subsidence monitoring has ‘continued for all four projects. Air
quality monitoring recommended in the EA was not conducted at the Gladys McCall
site, because monitoring at other sites demonstrated that impacts were negligible.
Water quality monitoring was discontinued in 1982 for the Pleasant Bayou project,
because no significant impact was found after several years of data collection.

4.3.4 Marlin, Texas

The Geothermal Direct Heat Project in Marlin, Texas [8], began flow testing in
late 1979 and operational testing in early 1982. The most important environmental
issues associated with construction and operation of the project were drilling noise
and surface disposal of geothermal fluids. Impacts thus far have largely supported
predictions made in the EA. Because drilling operations had to be completed to
determine the suitability of the geothermal fluid for surface disposal, the noise
issue was essentially resolved before the EA was prepared. The use of an especially
large muffler arid other precautions taken during drilling were found to reduce
noise at the hospital (less than 10 m from operations) to tolerable levels. No
complaints were received from patlents or residents during the three months of
drilling and construction.

"Drill cuttings, which were not hazardous, were removed to an approved disposal
site, and other nonhazardous solid waste was hauled to the city landfill (Conover
et al. 1983). During construction and flow testing (prior to completion of the EA)
runoff and geothermal fluids contaminated with drilling mud, mud addltxves, and
other suspended solids flowed via the city storm-water drainage system into an
artificial storm-water catchment and then via a small creek into a slough. The
slough in turn drains to the Brazos River. Impacts on these aquatic systems were
mitigated by using drilling muds with only nontoxic additives and by the relatlvely
long residence time of geothermal fluids in the catchment basin, which permltted
cooling and settling of suspended solids before entering natural waterways.

The catchment basin was only one-half the depth and area it was first beheved
to be, but residence time for the spent fluids was sufficient because the fluid was
already quite cool by the time it entered the basin. The fluid’s greater density (due
to salinity) caused it to flow along the bottom of the basin with little mixing until it
approached the outfall into Bean Branch, whereupon it became well-mixed.
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One other mitigative measure described in the EA the stalr-step waterfall for
aeration of ‘the spent fluids before entry into the ‘catchiment basin, has not been
built. The maximum height available for a waterfall was subsequently found to be
too low to significantly enhance aeration. In any event, no adverse effects beyond
~ the catchment basin have been observed.

With: respect -to surface - disposal of geothermal fluids - produced during
operations, the EA predicted chemical degradation of waters and associated aquatic
life in the catchment basin but no significant impacts on other downstream surface
‘waters or. their aquatic communities.  These predictions are partially supported by
-chemical -and: biological monitoring .conducted since operations began (Conover
et al. 1983); the catchment. basin is a highly stressed system  (although not
completely devoid of fish and other aquatic life) whereas sampling further
downstream revealed no evidence of adverse effects on water quality or aquatic life.
"Because -no baseline (predischarge) data were collected, however, the degree to
‘which the  catchment pond ‘owes its stressed condition to geothermal discharges
‘cannot be :ascertained. Nor can it be stated with any certainty that subtle changes
in aquatic communities of the creek or slough have not occurred. In any event, the
“discharged geothermal fluids - must - satisfy the ‘requirements (water quality
standards of the Texas Water Development Board) of a discharge permit issued by
the Texas Railroad Commission as well as those of an NPDES permit issued by the
_U.S. Environmental Protection Agency. Spent fluids are monitored monthly.

The experience with this project’s operation so.far generally supports the
predictions made in the EA. It also underscores, however, the importance of
adequate baseline monitoring before commencement of construction and operation,
particularly with respect to aquatic resources, since the hlghly stressed condition of
the catchment basin could not be attributed to a particular source with any
certainty. Further characterlzatron of Bean Branch and McCullough Slough (both
before and since operatlons began) was also Warranted to permlt an adequate
evaluatlon of thelr importance as aquatic resources and to estabhsh a basrs for
predicting and detecting adverse effects of project constructlon and operatlon

*.,4.3 5 Brady Hot Sprmgs, Nevada

The Geothermal Food Processors prOJect at Brady Hot Sprmgs, Nevada [25], has
,been in: operation since :1979. - No substantive adverse effects on' the envrronment
;have been observed, as was predlcted by the EA. In. partlcular - R

o flow testlng d1d not exceed the capaclty of the catchment basm, co
e hydrogen sulflde emlssmns have not been a problem,
' nothlng of archaeologlcal value Was dlscovered i

S lnterference of - operatlons Wlth grazmg has not occurred because adJommg
-lands are salt flats unsultable for grazing, O

"o no-adverse effects of noise on Fernley Wlldli'fe: Refuge or nearest residents
have been observed,
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* no ground subsidence has been noted,

° no ‘accumulation of constituents of geothermal ﬂuld to levels toxic to Wlldllfe
. or waterfowl have been noted, and

¢ no accidental spills or blowouts have occurred.

" "Most of the mitigative measures recommended by the EA appear to have been
implemented. Access roads and the parking lot were paved to reduce dust. Waste
vegetable matter is trucked to a farm and used to feed pigs. Although not planned
as a mitigative measure, plant operations are limited to approximately 150 ‘d each
year from late spring (May) to early fall (October) as described in the EA. This
schedule limits atmospheric emissions to the period of most actxve atmosphenc
dlspersmn

-~ One substantive  change from operatlons as descnbed in the EA concerns
remJectlon All process and geothermal fluids were to be reinjected after removal of
solids; instead, the fluids are allowed, by a state permit issued in December of 1978,
to flow from the cooling pond into a large salt flat where they evaporate. Some of
the fluid probably percolates into the ground. The rationale for surface ‘disposal,
according to the Division of Environmental Protection, Nevada Department of
Conservation and Natural Resources, is that the geothermal fluids naturally
surfaced via a flowing artesian well prior to construction of the geothermal project.
In any case, surface disposal to a salt flat is unlikely to constitute a mgmflcant
source of adverse environmental impacts. :

4.3.6 Fenton Hill, New Mexico

The Fenton Hill Hot Dry Rock Project [11] has been operating to some extent
gince 1977. Generally, the construction and operating experience at Fenton Hill
supports the assessment presented in the EA that no significant impacts were likely
to occur. Problems have arisen over disposal of wastewater and possibly over water
availability, as discussed below.

The EA stated that future surface disposal of wastewater into the dry arroyos
would be regulated under an NPDES permit requiring treatment and removal of
harmful constituents before release. However, as actually issued, the permit only
requires monitoring of constituents in the discharge. No limits on the
concentrations or quantities of constituents discharged and no treatment before the
approximately yearly releases are required. The only treatment the wastewaters
currently receive is settling in the holding ponds. Although the EA stated that no
drilling fluids would be released, the wastewater does contain supernatant from
drilling muds. In addition, elevated concentrations of sodium, lithium, boron,
arsenic, and cadmium sometimes occur (Purtymun et al. 1981). Finally, the
presence of a high-quality aquifer separated from the facility only by some 130 m
of highly permeable strata caused New Mexico to request a groundwater discharge
plan be submitted to the Oil Conservation Division of the State Energy and
Minerals Department. According to the state, implementation of such a plan should
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eliminate surface discharge beyond an evaporation basin. A plan has been
submitted, but concern has arlsen that comphance with dlscharge hmltatlons may
be difficult. '

“Impacts of surface dlscharge were predicted to be, and appear to have been,
“minimal. 'The quantity of fluid discharged in 1980 was slightly lower than that
predlcted in the EA. Except for some mdlcation of lithium and boron accumulation
in vegetation in the arroyo’ within 400 m of the site, no adverse effects on
“biological and surfate or groundwater resources (Purtymun et al. 1981) have been
“observed, which is consistent with' EA predictions. Monitoring to detect any
"undesuable effects of surface dlscharge 1s ‘being conducted as recommended in the
7 The EA also indicated that water requirements for the project may eventually
exceed the quantity of groundwater locally available to the project. The staff at Los
Alamos agree that the 18,500 m3/year guaranteed by the New Mex1co State
" Englneer may not adequately supply future needs.

‘Furthermore, it is not yet clear whether the groundwater pumped to supply the
project is recharged by water from the Rio Grande system alone, or from both the
Jemez River system as well as the ‘Rio Grande (the project lies approximately on
the divide between these two systems). If the Jemez River system is shown also to
recharge the aquifer being pumped by the project, then the operators will have to
buy additional water from someone willing to sell it to compensate for losses . from
the river. } _ _ ‘

To help meet future water requirements for the project, a 20,000 m?
polyethylene-lined storage lagoon has been built. Water is being imported by truck
to supplement the onsite groundwater supplies. A water rights suit recently filed in
federal court by a group of Indian tribes further comphcates the water supply
‘question. A ruling in favor of the Indlan tribes concelvab]y could lnterfere with
‘groundwater use at'the Fenton Hill project. "

’ Drllhng muds and cuttings are permanently buried in a mud pit usmg standard
: techmques commion to oil well drrlhng Although this practlce may be at variance
“with that described in the EA, which stated that cuttings and muds would be
: ’dlsposed ‘of offsite, the adverse effects ‘are reported to be negligible. Other
‘nonhazardous solid wastes, such as trash are hauled offsrte to an approved county
‘landfill for disposal.
_..No adverse effects on the.terrestrial environment have been observed beyond the
-immediate areas-of construction and operation, as predicted by the EA. The EA did
~advance the possibility that physiological drought might be induced in vegetation in
the thermal plume in the immediate vicinity of the project, but no adverse effects
have so far been observed. Although the pro;ect is surrounded by good elk habitat,
fand indeed, lies in the ‘middle of an elk mlgratlon route, agaln, no adverse ‘effects
’"on the ‘elk have been seen. This i is con31stent Wlth the EA’s pro,]ectlon that anythlng
T more than avmdance by elk of the 1mmed1ate area of the prOJect Would be unhkely
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'4.3.7 Boise Geothermal Limited, Idaho

Most constructlon on the Boise geothermal pro;ect [35] was completed by
February 1983. The project has operated at a relatively low level since then. Overall,
the limited operational experience at Boise to date supports the EA’s findlng of no
significant environmental impacts. Minor impacts which were predicted and: have
occurred include noise during construction and drilling and a slight odor of
hydrogen sulfide near the facility. Casual visual checks and momtormg drawdown
in other area wells have revealed no subsidence or seismicity. Benchmarks
reportedly have been established to aid in detection of subsidence. The geothermal
resource appears to lie in a reasonably firm geologic formation. There was no
disturbance of historic or archaeological resources at the site, an old military
reserve. A survey indicated no specimens of the wild onion proposed for federal
listing as an endangered species existed on the well site. :

With two exceptions, no changes, deletions, or additions to recommended
monitoring or mitigation measures are known to have been made. Such measures
have included

o disposal of drilling muds (nonhazardous) in an offsite city landfill, o i
‘e onsite burial and covering of other nonhazardous solid wastes, '

¢ monitoring of drawdown in area wells, and

* monitoring of water quality in the Boise River.

Exceptions to the recommendations include the following:

e The EA stated that standard blowout preventers would be used on all wells.
Standard blowout preventers were not used, however (some blowout prevention
equipment was provided, and prudent procedures followed), because the
pressure and temperature of the resource is relatively low. No blowouts or
other uncontrolled releases have yet occurred. Scheduled releases during flow
testing (approximately 5 m®/min) were adequately contained in the storm
basins as predicted by the EA. Fluid chemistry was not determined. The fluid
was eventually released to the Boise River. No adverse effects on the river or
its biota were evident.

¢ Unusually high river flows have thus far prevented installation of arpla'nned
discharge diffuser in the Boise River for disposal of geothermal fluids.
However, the high flows presumably have aided diffusion and no adverse
~ effects on water quality or aquatic life of the Boise River is yet evident.

Two impacts were at variance with predictions in the EA. Fll‘St, the probability
of interference with other wells was expected to be minimal, but a drawdown of
2 to 3 m has already been reported at one well less than 1 km away as a result
of operations at the project. Although this drawdown at a single well is reported to
be insignificant, it should be noted again that the project has operated for a short
time only, and at a relatively low level. Further interference, therefore, may be a
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.reasonable possibility when the faclhty approaches full capacity for long periods. On
the other hand, project operation may tend to mitigate (by lowering internal
pressures) the vertical leakage from deep geothermal systems to surface waters or
near-surface aqulfers currently believed. to be occurring naturally To protect
against project-related leakage, all wells have been cased to below the levels of
shallow (water table) aquifers as stated in the EA. A water level and water quahty
program was established in October of 1982.

Secondly, all four sites proposed for potential drllhng operatlons were or are
being: drilled. The EA: had stated: that use of more than one drilling site was
unlikely. The temporary disturbance of the four sites in the Military Reserve Park
resulted in a minor conflict over aesthetics with the City Parks Department, which
was resolved through burial of about 75% of each pumphouse and revegetation and
restoration of the rest of the disturbed areas by the Parks Department.

4. 3 8 Northern Cahforma Power Agency No. 2 (NCPA No. 2)

NCPA No 2 [33] ‘¢ame -on lme in 1982. Its brief operatmg life has been
characterized by many start-ups and shut-downs because of recent surpluses of
hydropower. Currently, it has been operating at about 75% of capacity but will soon
be operating at near full capacity. So far, no mgmflcant adverse environmental
impacts have been discerned beyond the immediate area of the geothermal facilities.
One accidental spill occurred when . a, pipeline: carrying a mixture of steam
condensate and rainwater ruptured. This fluid was being transported from the
reinjection basin to a construction area for use in compactlon Most of the spill was
trapped in a sedimentation basin, but about 800 L escaped to a tributary of Big
Sulphur Creek. Because much of the fluid was rainwater, its water quality was
reported to be better than the trlbutary s water quahty, consequently, no s1gmf1cant
impacts were expected or observed. . _ ,

A natural seep for whlch some concern was . expressed in the Jomt
‘Enwronmental Study (JES) [33] has generally remalned free of contamination with
the poss1b1e exceptlon of minor mputs from coohng tower drift. The. seep. was
'beheved to be of some lmportance as a source .of water to local wildlife. In
'comphance with a recommendatlon in the JES a concrete water storage basin and
drmklng facility - for w11d11fe ‘has been built to mltlgate any adverse effects on the
seep as a Waterlng hole. '

_ Other recommended measures for mltlgatmg or momtormg the potent1a1 effects
of project construction and operation generally. have been implemented:

(‘_.. revegetatlon of all dlsturbed areas,

"« reinjection of hqulds, mcludmg storm runoff collected around power plant or
“at well pads,

"« monitoring of offsite runoff followmg each storm event

_ ¢ construction of a sedimentation basin;
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¢ submission of a Spill Prevention Contingency and Containment Plan to the
_California Water Quality Control Board;

. constructlon of a 1700 m3, lined spill retention basin around the coohng towers
~and installation of water level indicators i in the towers;

- ® use of existing roads where possible;
* stair-stepping of slopes and construction of runoff diversion channels;

¢ maintenance of a 90-m-wide undlsturbed buffer zone on elther suie of the
unnamed tributary;

e participation in the Geysers Aquatic Resources Monitoring program involving
area monitoring of erosion, heavy metals, phosphate, sulfate, dissolved oxygen,
and fish populations in area streams;

* use of drift eliminators (99.998% efficiency);

e monitoring of radon, arsenic, mercury, boron, hydrogen sulfide, and ammonia
in geothermal steam, and these contaminants plus total suspended particulates
and vanadium in ambient air; :

¢ installation and monitoring of a hydrogen sulfide abatement system;
¢ monitoring of vegetation plots for boron concentrations and effects;

¢ offsite disposal of potentially toxic wastes (e.g., drilling muds) at an approved
Class II-I waste disposal site; and

¢ monitoring of state-listed uncommon, threatened, or endangered plants for
adverse effects.

Some changes in recommended mitigation or monitoring have been made. For
example, a solids removal system for the hydrogen sulfide abatement system was
found to be unnecessary because sulfates remained in solution and were, therefore,
simply reinjected with other fluids. In addition, project staff are attempting to
delete the current requirement for monitoring sour gas entering the hydrogen
sulfide abatement system, because only the gases exiting the system are
environmentally important. This system has kept hydrogen sulfide emissions far
below the standard established by the North Sonoma County Air Pollution District,
although upset conditions occasionally required shutdown of the plant. Finally,
recommended stockpiling of topsoil for later replacement was found to be
unrealistic because so little topsoil exists at the site.

No blowouts, landslides, or problems with noise have occurred thus far. In some
respects, this project and others at the Geysers field may have had some beneficial
environmental effects: ‘

e guard-houses and other project-related barriers to public access have reduced
poaching and damage from off-the-road vehicles; '

e removal of the cattle has reduced overgrazing, permitting revegetation and
some alleviation of erosion-related problems;
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e stabilization of existing roads has partially alleviated erosion; and o

> e g burning’ program_ has been estabhshed to mcrease productlon of approprlate
foods for Wlldllfe R R ; »

,In summary, no s1gn1flcant adverse enwronmental effects related to constructlon
‘,and operatlon of the NCPA No. 2 geothermal prOJect have been demonstrated. The
project, however, has been operatlonal for a:brief time .only; long-term and
cumulative effects, partlcularly on vegetatlon and alr quahty, are unknown

4.3.9 Raft River, Idaho B AR

The Raft River Geothermal Program [3, 6] at the Idaho National Engineering
Laboratory was designed to demonstrate both direct-use applications and electricity
.generation from moderate-temperature geothermal fluid. A comprehensive program
of environmental assessment, . monitoring, and protection ‘was a part of the
demonstratlon The results of the environmental work are reviewed by Thurow and
_Cahn (1982).. No, .major- env1ronmental impacts ‘resulted from development of 'the
Raft River Geothermal Research . Faclhty Potential . concerns whlch had been
1dent1f1ed (Sect 3) mcluded A S v R : _ :

© ' air emissions (TSP), o
¢ induced seismicity and subs1dence, -
o effects on water quality and hydrology,
e raptor disturbance, and
¢ disturbance of historic and archaeological sites.

Emissions from the geothermal development were measured as being well below
National Ambient Air Quality Standards, air quality in the area being affected
mainly by agricultural activities. Changes in groundwater quality were negligible.
Short, transient, groundwater-pressure responses were noted during geothermal
production and reinjection, but values returned to normal when these activities
ceased. There were no spills of geothermal fluids into the Raft River, and no other
measured effects on surface waters. The nesting success of ferruginous hawks in the
valley was not impaired by geothermal and associated human activities, provided a
minimum 0.6-km buffer zone was maintained around nest sites. No increase in
seismicity was detected as a result of geothermal development. Although subsidence
has been occuring in the valley because of excessive pumping of groundwater, no
elevational changes resulting from geothermal activities were detected. There was
no impact on known historic or archaeolog1cal 31tes, and socioeconomic effects were
minimal as a result of proper plannlng
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4.3.10 Baca, New Mexico

' The Baca Demonstration Project [7] was intended to demonstrate operation of a
50-MW power plant using geothermal fluid. The project was abandoned in 1981
when difficulty was encountered in supplying the required amount of steam (Kerr
1982). The impacts of the project were limited to land disturbance from well drilling
‘and preconstruction activities. In addition to small areas required for 31 drllhng
attempts (mcludlng prepro;ect dnlhng), the followmg areas were dlsturbed '

¢ the mtended plant site (about 8 ha),
¢ meteorological tower laydown area (about 1 ha),
* concrete batch area (about 1 ha), and

e rock quarry (about 5 ha).

No clearing or disturbance for transmission lines occurred. In conjunction with
abandonment, the disturbed areas were fully or partially restored in accordance
with wishes of the private landowner. Structures which were left include a concrete
wall retaining the hill above the plant site, the portion of the quarry existing before
the project, and a sedimentation pond between project activities and nearby
Redondo Creek. Restoration of the site appears to have adequately minimized the
possibility of erosion and sedimentation following abandonment. Hence, the actual
impacts of the project were negligible, with adequate reclamation.



5 CONCLUSIONS

‘Two general conclusions emerge from thls survey of env1ronmental 1mpacts of
DOE geothermal projects: RAEREERS

¢ the survey conflrms the: generally mmor nature of 1mpacts, and

. the survey demonstrates the nnportance of env1ronmental analyses, early
environmental planning, baseline and subsequent momtorlng, and the
comprehensive use of mitigation measures. © -

The only impacts which were not anticipated by the project EAs" were
‘(1) additional land requirements from the ‘use of- four drillsites instead of one and
(2) the drawdown: of ' area wells:- at - Boise. - The ‘only ‘discrepancy between
recommended and implemented mitigation was at the Dow Parcperdue well, where
1nadequate attention to storage pit. liners . could have caused temporary soil
contamination. Other dlscrepancles either proved insignificant or - _adequate
substitutes were found. In general, the EAs appeared appropriately conservative
and reasonably accurate in assessing the nature and severity of 1mpacts

The survey revealed a number of  mitigation- ‘measures’ which have been
.implemented at. pro,]ects thh consequent reductions in . environmental impacts.
Frequently encountered areas for momtormg and mltlgatlon 1ncluded in general

. nmse'reductlon ;

o drift ehmmators, SR

e groundwater and surface water monltorlng,
¢ seismicity and subsidence monitoring,

o fugitive dust reduction,

e erosion and sedimentation reduction,

® blowout prevention, and

e spill and waste retention.

The importance of these and other methods for maintaining the relatively benign
nature of geothermal energy utilization cannot be overemphasized.

Three provisos must accompany the above conclusions. First, this survey of
actual impacts was clearly not exhaustive. Also, a limited number of projects, with
short or no operating history, were available for verification. As more and larger
projects become operational, the frequency and magnitude of departures from
predictions may increase. Under these circumstances, the verification of actual
impacts in comparison with predictions, as conducted here, assumes increasingly
greater importance. Finally, many impacts, such as the probability and effects of
blowouts, involve substantial unknowns and were predicted in a generic manner
even in site-specific EAs. It is clear, however, that early analyses of environmental
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problems, although uncertain, and subsequent planning for appropriate mitigation
or monitoring, can contribute substantially to avoidance of environmental
degradation.

-In addition to the above two- conclusions, a few generalizations can be made
about the environmental impacts of geothermal energy. These are

¢ accidents involving spills are the most serious concern, potentially threatening
~ surface water and groundwater, terrestrlal and aquatlc biotic communities,
’ and alr quallty,

® noise associated with drilling and production 1s a per81stent feature of all
geothermal act1v1t1es,

'0 effects due to H,S and coolmg tower dnft are a frequent poss1b1hty, and
- methods for predicting impacts require further development

* all projects involve a suite of construction-related impacts (e.g., erosion and
fugitive dust emission) that are s1m11ar to those for any energy-development
prOJect and

¢ solid wastes (eg, descalmg sludge and st control) may 1nvolve hazardous
materials and must be disposed of properly. '

Despxte these generalizations, site-specific assessment of envn'onmental impacts
remains imperative, both because the nature and extent of emissions can differ
substantially and because the receiving systems differ in their susceptibility and
their importance to man. Moreover, as geothermal development proceeds,
consideration of the cumulative impacts of additional projects will become
increasingly important [7, 30, 34]. -
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Appendix A

- - REFERENCE LIST OF ENVIRONMENTAL ASSESSMENTS FOR
: . GEOTHERMAL PROGRAMS AND PROJECTS R

Hydrothermal Energy Program

1. ERDA. 1976. Environmental Assessment of the Hawaii Geothermal Project Well
Flow Test Program. 75 pp.

2. ERDA. 1977. Environmental Impact Assessment. Hydrothermal Subprogra'm.
EIA/GE/77-2. 287 :pp.

3. DOE. 1978. Environmental Assessment: Raft River Geothe'nnal Proyect Test Loop
Cassza County, Idaho. DOE/EA-0008. 129 pp.

4. DOE. 1978. Environmental Assessment: Coso Geothermal Project, Well Testing
Activity, Exploratory Hole No. 1 (CGEH-I), China "Lake, Inya County, Cahforma.
DOE/EA-0036. 50 . pp.

5. DOE. 1979. Environmental Impact Assessment. Ha'wan Geothemal Research
Station, County of Hawaii, Hawasi. DOE/EA-0071. 97 pp.

6. DOE. 1979. Environmental Assessment. Eaft River Geothermal Progect Pilot
~ Plant, Cassza County, Idaho. DOE/EA-0090. 108 Pp. B

7. DOE. 1980. Final Environmental Impact Statement: Geothermal Demonstration
- Program, 50-MW -Power Plant Baca Ranch Sandoval and Rio Amba Countws,
- New Mexico. DOE/EIS-0049. 746 pp. C

-~ 8 DOE. 1980. Enmronmental Assessment. Geothermal Dzrect Heat Proyect Marhn,
“." Texas. DOE/EA-0117. 62 pp. =

9, DOE. 1980. Environmental Assessment: Geothermal Direct Heat Geothermal
" " Binary Cycle Demonstration Project, Impemal County, Cahforma DOE/EA-0119
298 PP.

Hot Dry Rock Energy Program _ .

. 10..ERDA. 1977. Enmronmental Impact Assessment. Hot Dry Rock Subpmgram.
EIA/ GE/77-6. 207 pp. , _

11 DOE. 1979. Environmental Assessment: Fenton Hill Hot Dry Rock Proyect
- Modification and FExpansion, Sandoval County, New Mexico. DOE/EA-0091.

67 pp.
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Geothermal Exploratory Drilling Program

12.

DOE. 1978. Environmental Assessment: Geothermal Exploratory Drilling
Program, Eastern United States Coastal Plain and Piedmont Provinces.
DOE/EA-0015. 59 pp

Geopressured Geothermal Energy Program

‘13

14,

15.

ERDA. 1977.. Environmental Impact Assessment. Geopressure Subprogmm
EIA/GE/77-3. 188 pp.

"DOE. 1978. Environmental - Assessment: Geothermal Enmergy, Geopressure

Subprogram, GCO-DOE Pleasant Bayouw No. 1, Brazoria County, Texas.
DOE/EA-0013. 130 pp..

DOE. 1978. Enmronmenta,l Assessment. Geothemal Erergy, Geopressure
Subprogram, Gulf Coast Well Testing Activity, _Frw thna,twn, Texas and

" Louzswna. DOE/EA-0023, vol. 1. 401 pp.

16.
11,

18.

19.

21.

DOE. 1978. Environmental Assessment: Geothemal E’nergy Geopressure
Subprogram, Gulf Coast Well Testing Activity, Frio Formation, Te:ca.s and

" Louisiana. DOE/EA-0023 vol, 2, Atlas, 14 pp.

DOE. 1978. Environmental Assessment: Geothermal E’nergy Geopressure
Subprogram, Lafourche Crossing No. 1, Terrebonne and Lafourche Parishes.
Draft, 219 pp.

DOE. 1979. Enmronmental Impact Assessment: Geothemal E’nergy Geopressure
Subprogram, Southeast Pecan Island, Vermilion Parish, Louisiana. Draft, 185 pp.

DOE. 1980. .- Environmental Assessment: Geothermal Emergy, Geopressure

' Subprogram, Sweet Lake No. 1, Cameron Parish, Louisiana. DOE/EA-0065.

219 pp.

DOE. 1980. E’mnronmental Evaluation: Dow Parcperdue Geopressure Progect
Vermilion Parish, Louisiana. 59 pp.

DOE. 1980. Ewnvironmental Assessment: Geothermal Emnergy, Geopressure
Subprogram, Gladys McCall Well Site, Cameron Parish, - Louisiana.
DOE/EA-0134. 189 pp.

DOE. 1981. Environmental Assessment: Geothermal - Energy, Wéssure
Subprogram, Gulf Coast Well Drilling and Testing Activity (Frio, Wdcox and
Tuscabosa, Formations, Texas and Louisiana). Draft, 85 pp

-



Geothermal Loan Guaranty Program

23.

24.

25.

26.

28.

29.

30.

31.

32.

35.

ERDA. 1976. Environmental Impact Assessment: Dry Creek Exploration Project
Geothermal Loan Guaranty. Draft.

ERDA. 1976. Environmental I'mpact Assessment: Honey Lake Exploration Project
Geothermal Loan Guaranty. Draft.

ERDA. 1977. Environmental Impact Assessment: Geothermal Loan Guaranty
Application, Geothermal Food Processors, Imc, Churchill County, Nevada.
EIA/GE/77-5. 65 pp.

ERDA. 1977. Environmental Impact Assessment: CU-1 Venture, Application for
Geothermal Loan Guaranty (South Brawley Project). EIA/GE/77-7. 110 pp.

ERDA. 1977. Environmental Impact Assessment: CU-1 Venture, Application for
Geothermal Loan Guaranty (Beryl and Lund, Utah). EIA/GE/77-8. 109 pp.

DOE. 1978. Environmental Assessment: Honey Lake Direct Heat Application
Loan Guaranty Project. Draft.

DOE. 1978. Environmental Assessment: Roosevelt Hot Springs Field Development
Geothermal Loan Guaranty Application, Milford, Utah. Draft, 83 pp.

DOE. 1979. Environmental Assessment: Westmorland Development Project,
Imperial Valley, California. DOE/EA-0058. 104 pp.

DOE. 1979. Environmental Assessment, Geothermal Loan Guarantee Program,
Republic East Mesa Project, Imperial County, California. DOE/EA-0089. 121 pp.

DOE. 1980. Environmental Assessment: Oregon Trail Mushrooms. Geothermal
Loan Guaranty Application, Malheur County, Oregon. DOE/EA-0013. 70 pp.

NCPA. 1980. Northern California Power Agency, NCPA No. 2, Geothermal
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OUTLINE OF GEOTHERMAL ENERGY ENVIRONMENTAL CONCERNS,
MONITORING/MITIGATION MEASURES, AND AGENCY CONTACTS

This outline presents a summary of major potential impacts that may be
encountered in geothermal projects. It is intended to be useful to project managers
and planners, especially in early stages of a project. For each heading, examples of
potentlal concerns, mitigation and monitoring measures, and initial agency contacts
are given. The list is not exhaustive, nor would all -concerns and mitigation
measures be applicable to a particular site. The outline is not a regulatory guide or
summary of control systems, although these were consndered in g1v1ng examples of
mitigation measures and of contacts. ' : : :

I Airborne Emissions
““A. Potential Concerns S ; _
L Hydrogen sulflde nulsance odor, poss1ble long-term health effects
2. Boron: vegetatlon damage

3. Other gases-:and- trace - metals - (e.g.,- mercury, arsenic, ammonia,
methane, radon): health and vegetation effectsr

, 4 Salts (drlft from coohng towers) vegetatlon damage _
7 5 Fugltlve dust (constructxon) 1mportant in PSD Class I areas
6. Climatic change (fogging and icing): short-term, local -
B. Mitigation and Monitoring Bl e
1. Air quality baseline and operational monitoring often required

;- 2."-Control reQuirednfori’.hydi‘ogen~su1fide (e.g, Stretford process), salt drift
s ‘(drift eliminators) and dust (moistening and_planting, of surfaces)

l3. Reduce chmatlc effects by mcludmg analysls of local meteorology in
site selectlon o :

C. Contacts PO P e
1. US. Env1ronmental Protectlon Agency
2. State, county, and reglonal air pollutlon offlclals S
II.{;"liIoi‘se TS SRR I S B HES e SOVE NP EL AN L
A. Potential Concerns :
1. Well drilling, especially air drilling =
2. Construction of facilities

B-1
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Operation (venting and stackmg, breaks and blowouts, cooling towers,
equipment)

- B.. Mitigation and Monitoring:

1

2.
3

Use of mufflers
'I‘unmg of activity

Sltmg to av01d sensatwe receptors

C Contacts

<1
2.

US. Envn'onmental Protectlon Agency

State local or reglonal offxclals

III Surface Water and Aquatlc Ecosystems
A. Potential Concerns

1.

6.
1.

Increased turbidity and sedimentation; deteriorating water quality;
damage to aquatlc life

. Uncontrolled releases and spills; chemlcal and thermal ‘damage to

water quality and aquatic ecosystems -

.- Hydrologic and ecological alterations from induced subsidence

Flow reductions in streams and hot 'springs

Water use (coohng; makeup for remjectlon needs, hot dry rock
systems) conflicts v :

Presence of threatened, endangered, or important species

Leaching of solid wastes

B. Mitigation and Monitoring

®© 0 N o oG os O e

Determination of baseline water quality and value of aquatic habitat

Good construction practices to limit turbidity and sedimentation

' Special surveys, structures, and buffer zones

Reinjection to limit surface disposal of liquid wastes; subsidence -
Disposal of solid wastes in licensed disposal site

Monitoring of surface water chemlstry

Use of existing roads, canals, pads, and other facilities when posmble
Use of blowout preventers

Establishment of a spill prevention and countermeasure plan
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C. Contacts

1.
2.

3.
4,

U.S. Environmental Protection Agency o :
U.S, Fish and Wildlife Service, Endangered Specles Offlce
State game and fish offices

State water quality offices

IV. Disturbance of Land Use and Terrestrial Ecosystems
A Potentlal Concerns -

1

I A T e

Eroswn and landshdmg loss of productmty

Cooling tower drift: damage to natural or agricultural ecosystems’
Spills: thermal or chemical damage to ecosystems -

Presence of prime or unique farmlands

Presence of threatened, endangered or important species

Presence of critical or unique natural habitats -

Improper reclamation

B. Mitigation and Monitoring

1. Early mapping of habltat and land ‘use durmg mte selection to avoid
impact B : -
2. Special surveys, structures, -and: buffer zones - for -threatened,
endangered, or important species
3. Good construction practices to limit erosion
74»._Prompt revegetation . .
5 Geotechmcal mput to .plant and well pad desugn to hn'ut erosion and
landsliding =
6. Clustering wells to limit land use
7. Plant des1gn to mlnxmlze escape of spllls
" g 'Blowout preventers on'wells
9_, Use of exxstmg roads and facllltxes when pos31ble
C Contacts Yy fot gl o
1. U.S. Fish and Wlldhfe Serv1ce, Endangered Spec1es Offlce
2. State fish and game offlces et Tl ey SRR
3. U S. Soil Conservatlon Servxce (prlme and unique farmlands, erosion

prevention, land use capabilities, revegetatlon, and reclamat:lon)
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V. Groundwater Contamination
A. Potential Concerns -
1. Leakage from well cases
2. Seepage from unlined pits
3. Spills
4 Lowered water tables =~ =~
5

. Cross-connection of potable and nonpotable groundwater during
drilling e e e s . S

B. Mitigation and Monitoring .-~ .= - ...
1. Use of monitoring wells - -+~ oo
2. Impervious liners in.pits ... . ==
3. Proper cementing of well casings
4. Use of blowout preventers - -
5. Design plant to limit escape of spills

C. Contacts

1. U.S. Geological Survey. - '
2. U.S. Environmental Protection Agency

3. State water quality officials
VI. Geology '
A. Potential Concerns |
1. Subsidence: may result from withdrawal and injection of fluids
"2, Induced seismicity: may result from withdrawal o{ fluxds E
B. Mitigation and Monitoring )
1. Reinjection of spent flulds

2. Siting to avoid urban, agrlcultural or 1ndustr1al areas or. 1mportant
natural habitats :

3. Establishment of benchmarks followed by penodlc levellng surveys
4. Installation of microseismic monitors

5. De31gn of facilities to withstand earth tremors ’

6. Reduced pressure durmg reanectlon . o

1 U S Geologxcal Survey |
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VII. Solid Wastes
A. Potential Concerns , 7 ‘
1. Sludge from descaling treatmerIts o
Dnllmg wastes (mud, cuttmgs, etc.) . ,

Unsold by-products from H,S or other control systems

Wastes from treating. cooling water

AN ol

Suspended soilds from fluids to be reinjected =
B. Mitigation and Monitoring
--1. ‘Haul wastes to a landfill approved for the purpose
2 Sell by-products when poss1ble
3 Use nonhazardous materlals when posmble o
C. Contacts o o '
. LU S Env1ronmental Protectmn Agency
VIII Cultural Resources o
A. Potential Concerns
1. Destruction of historical, archaeological, or paleontological materials
2. Conflicts with native American religious sites -
3. Reduction in flow of culturally significant hot springs and fumaroles
B. Mitigation and Monitoring
1. Careful site selection to avoid/ minimize impacts
2. Surveys prior‘ to construction 4
8. Preservation of materials discovered
C. Contacts
1. State Office of Historic Preservation
2. Native American representatives/leaders
3. Colleges, universities, museums, historical gocieties
IX. Community Resources
A. Potential Concerns
1. Local population increase

2. Inadequate community services and facilities (schools, hospitals,
utilities, fire/police protection)
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Impacts to transportation systems
a. Increased traffic volume
b. Construction (pipeline, transmission line) in roadvsfays

Aesthetic effects (plume v1s1b111ty, facihtles in’ scemc and pristine
settings) . . : , .

Noise (also see p. B-1) at residences, schools, hospitals, etc.

Land use changes (also see p. B-3). -~ i - .. -

B. Mitigation and Monitoring

1.

Advanced planning to meet housing needs and services required by
increased workforce

Carpooling, staggered work shlfts to malntam exlstlng trafflc volume

Design of facllltles (phys1cal form, color) to complement the ex1st1ng
environment

Cooperation with local ‘planning departments to ensure compatlblhty of
land uses and to consider nuisances, such as odor or noise

C. Contacts

S
2.

State, county, city officials
U.S. Dept. of Commerce, Dept. of Labor -

o]
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