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The San Diego Gas'and Electric Company (SDG&E) proposes to enter
into a cost- sharlng agreement W1th the U.S. Department of Energy (DOE)
to design, construct, and operate a commerc1a1 scale (45 MWe net) b1nary-
cycle geothermal demonstrat1on power plant us1ng the i1qu1d -dominated
geothermal resource -at Heber, Imper1a1 County, Callfornla This report
which is 1ntended to satlsfy the required National Env1ronmenta1 POllCY
Act (NEPA) enV1ronmenta1 review and documentatlon, 1s an assessment
prepared by the Oak. R1dge Natlonal Laboratory (ORNL) of the above- stated"
proposed Federal Act1on . »j'4 o : . -!

Informatlon contalned in . several ex1st1ng documents contrlbuted
substant1ally to the preparatlon of this report. These 1nformat10n
sources are referenced at the end of this section and are called out in
abbreviated form- throughout th1s work VTN Consol1dated Inc., prepared,J
two env1ronmental 1mpact reports (EIRs) for the Imper1al County Plannlng_
.Department to comply w1th the State of California's- Env1ronmenta1 Qual- -
ity Act (CEQA). The report that was issued first (EIR 1978) assesses,- :
the impacts of the b1nary-cyc1e fac111ty, whereas the later document Ny
(EIR 1979) reports the potent1a1 1mpacts of full development (500 MWe)
at the Heber s1te In addltlon, 1nformat10n obtalned d1rect1y from the
industrial partner, SDG&E was used heav11y in prepar1ng th1s report
the technical and management proposalvsubm1tted by SDGS&E to the DlVlSlOp.”'
of GeothermalyEnergy_ofithe_DOE (SDG&E_1979) descrihes‘the intended |
activities, and a'serieslof letters ‘from SDG&E'to~ORNL.dating"from
March 28, 1980 through September 10, 1980 (SDG&E letter; date) contain,
information requested'specifically for use in'preparing'the assessment.
All information about the'proposed'Federal action, irrespective}of'the_”
source, was verified beforerintroduction'into.the_impatt analysis. This
is documented in a series of verification:memoranda (ORNL Verification
Memo No. ___).' Impacts aSSOC1ated w1th full- -field development .which 1s
not part of the proposed Federal actlon but which may be encouraged
(although definitely not initiated) by the Federal acthon, are documented
in this work as. reported in the VIN Master EIR (EIR 1979) Although the

full-field development_;s not part of the proposed Federal action assessed




| here, information_extracted.from the EIR (1979) was selectively verified
- as appropriate for fully addressing the environmental scope of the
-proposed action. ' | ' ‘ ; ‘
Development of the Heber resource is presently being actively
pursued by pr1vate enterprlse Many of the permits necessary for full-
field development have already been issued to the private sector. Thus .
the proposed Federal action is not 1n1t1at1ng full-scale development of -

‘the Heber,geothermal resource.
GENERAL REFERENCES.

EIR 1978 F1nal Env1ronmenta1 Impact Report 1978 Prepared for
Imper1a1 County Plannlng Department by VTN Consolldated Inc.
Report #170 77. Called out throughout the text as (EIR 1978).

EIR 1979 Flnal Master Env1ronmenta1 Impact Report 1979 Prepared
A for Imperlal County Plann1ng Department by VTN Consol1dated Inc
Report #213 79 Called out throughout the text as (EIR 1979)

'ORNL Ver1f1cat10n Memo No . Documentat1on of 1nvest1gat10ns 1nto
the merit of 1nformat10n used for analys1s of 1mpacts Called,out i”'
-as (ORNL Ver1f1cat10n Memo No. ). '

’ _SDG&E 1979 AHeber_Geothermal PrOJect,vBinaryECycle DemOnstration
i ,Plant -‘Vol,‘III,-l979. Proposal by San_Diego Gas and Electric
Company submitted to the ‘Director, Division of Geothermal Energy,

. S Department of Energy Called out in the text‘as'(SDG&E 1979).

v JSDG&E letter, ‘date. Letters from_Mr;'Joseph Dietz, Supervisor of Enyiron-

_mental Programs, San Diego Gas and Electric Company to H. M. Braunstein, o

ﬁProject'Manager, Heber Geothermal Project, Oak Ridge National
Laboratory.- Called out in the text asf(SDG&E letter,_date).
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: potent1a1 to meet all prOJect obJectlves

o Company (SDG&E) submltted an unsol1c1ted proposal to
.A',31te

'!gbased on techn1ca1

"’:l'be acceptable

- Research Institute.

: SUMMARY"

In the FY. 1980 Energy and Water Development App
conference report, the U S. Department of Energy (DOEl

roPriationfBillfffjﬂ

was dlrected'to':_*

_select a site for a 50 MWe (nom1na1 capac1ty) b1nary-cvc1e demonstrat1on;*‘-‘

_:plant within three months and to proceed without delay
plant. - U31ng ava11able U S. Geologlcal Survey (USGS)
DOE D1v1s1on of Geothermal Energy (DGE) evaluated all

' temperature resources and determ1ned that only the He

i

construct and operate a b1nary cycle demonstratlon p
ThlS proposal was subm1tted and evaluated in: ac

:A331stance Regulatlons (IOCFR Part 600) DGE evaluat

in. developlng thevﬁf;’d' '
1nformat10n the —

known moderate-'ﬁ;'r'

ber s1te had the o
The San Dlego Gas & Electr.’r'bl'

DGE ‘to de31gn,
ant at the Heber

cordance w1th DOE?:.M

ed ‘the proposal

f1nanc1a1

]
and manager1al cr1ter1a and found 1t to

. Prel1m1nary env1ronmenta1 1nformat10n was avallable for_u

-the s1te because the 31te had been cons1dered as. an alternatlve 31te“ingg»

v::_vthe ‘Baca Ranch Geothermal Demonstratlon Plant - Env1ro
‘v»QStatement (DOE/EIS 0049

. address1ng th1s proposed project and full f1e1d devel
fprepared by Imperial County

This env1ronmental assi

nmental Impact

1980) and’ two CEQA Env1ronmental Impact ReportS'

opment had been

Esment (EA) was

i'prepared to fulfill DOE' s NEPA requlrements and, spec1f1ca11y, to determine

the environmental acceptab111ty of the proposed prOJect and to determ1ne ~

-the need for an env1ronmenta1 impact statement (EIS).

)
i

The Federal action: addressed by th1s EA is the cost sharing agreement

for design,

construct1on, and operation of a 65 MWe gross (45 MWe net)

geothermal binary-cycle demonstrat1on plant located near Heber, Imperial

County, California.

The agreement will contain provr

sions for other

xjparticipants in- addition 'to SDG&E who will share obl1gations and revenues

in proportion to the financial investment. The partic:
Southern‘California Edison Company, the Imperial Irri

the California Department of Water Resources, and the

The power plant will utilize a simple binary con

consisting of three fluid loops:

ipants will be the
gation District,

Electric Power

version process.

a’ geothermal fluid leop, a-hydrocarbon_




working f1u1d loop (an 1sobutane 1sopentane m1xture), and a cooling
water loop The geothermal well field will con51st of a productlon
island with 13 productlon wells (12 produc1ng wells and one back-up
well) and an 1nJect10n 1s1and with 7 1n3ect10n wells (6 1n3ect1ng wells
and one back-up well). A mechanical draft cooling tower using approx1- N
mately 8.8 m3/s (140, 000. gpm) of coollng water w111 be utlllzed
Approx1mate1y 0.22 m3/s (3,500 gpm) of: make up water is required by the
prOJect Water for the first five years “of operatlon will be Colorado
River irrigation water obtained from the " Imperial Irrlgatlon District.
After the initial five years of'operation, water'will be obtained from
the New River, irrigation return flows, or both. Construction of 0.8 km
(0.5 mile) of 35.6 kV transmission line and rebuilding of 14.0 km

(8.7 miles) of existing IID line will be required to transmit electricity
to the IID grid.

The proposed plant is located in the Imper1a1 Valley of Southern
Callfornla, about 193 km (120 m11es) east of San Dlego 2.3 km (1 4 miles)
south  of the townsh1p of Heber, and approximately 4. 8 km (3 miles) north
of ‘the U.S.-Mexico border. The plant will occupy approximately 9.3 ha
(23 acres) of the 16.2 ha (40 acres) of land purchased by SDG&E and will
be located ih the center of the 2957-ha (7320- acre) geothermal overlay
zone. The land is currently in agr1cu1tura1 use. The Imperial Valley
is the middle portion: of the Salton Trough. The basemeht rocks of the
trough have been downthrown along a serles of northwest-trending, nearly

' verticallfaults and are now covered by up to 7010 m (23,000 ft) of
clastic sediments. The closesf known activeAfault, the Imperial Fault,
is located approximately 10 to 15 km (6.21to 9.3 miles) from the project
site. A

The geothermal resource to be developed is located at a depth of
610 m (2,000 ft) to 3048 m (10,000 ft). The available resource is
estlmated to be 17 km® (14 x 106 acre-ft) at temperatures ranging from

,165°C (325°F) to 182°C (360°F). The exact nature and amount of geothermal
recharge is not certain; however, recharge results from subsurface and
surficial drainage along the mountains, leakage of unlined canals,
Coiorado River underflow,,infiltpation of irrigation water, and infil-

tration of precipitation.



 of geothermal fluid w111 mitigate these impacts.

The brincipal effl&éatsiare salt drift‘and%blowdgwn released from
the cooling tower. No other emissions will occur duri@g normal operations.

Geological iﬁpacts tesulting from the project are gradual reservoir
depletion, and d1splacement of prime farmland soils. ko induced seismicity
or induced sub31dence are expected for the project beCfuse 100% reinjection
Also”Chevron Resources

Company will monltor for these effects as part of its productlon requirements

_sait drift will be controlled to acceptable levels by

or as required by the Geothermal Element of the Imperlal County plan: A

maximum of 9 ha (23 acres) of prime soil will be d1splkced by the project

in the conversion of the site to energy production.

Prlme soil losses

will be mitigated'by using an island approach for 1ocating wells. All

structures will be desighed to minimize the effects oflearthquakes The

accidental releases are contamlnatlng this resource.

" shallow groundwater system will be monitored in order to determine if

Hydrological 1mpacts result from water depletlon% effluent -discharge,

and thermal enrichment. These impacts will be mitiga

ted by compliance

with California Reg1onal Water Quality Control Board CRWQCB permit

requirements.

hazard boundary.

The | prOJect is not located within the 100-yr

flood

h‘,

Air quallty impaéts are minor and consist of thé release of small

quantities of particulates, so,., €O, HC, NO,, and HS
particulates, CO, HC, and NOx during plant constructi
during operation. Total suspended particulates (TSP)
to losses of 0.008% or less.

No significant social or economic impacts will
project. ?opulation add housing demand increases wi
temporary minor increasé in traffic will occur'dufing
cultural resources, archaeological or historic sites,
Landmarks will be affected by the project. Approximat

will change from its existing land use (agriculture) t

?during well drilling;
Sn; and -salt drift
from cooling tower

drift elimination

result from this

11 be minor. A
construction. No

or National Natural .
ely 9.3 ha (23 acres)

0 energy production.

The proposed project conforms with existing county ar

Visual impacts will be; minimal and - partially mitiga

aboveground pipelines an earth tone.

over ambient levels.

id regional plans.

ted by painting

Noise levels will increase slightly -




Ecological impacts result from cooling tower blowdown and salt .
drift. Aquatic impacts will be minor as a result of compliance with the
CRWQCB permits governing blowdown disposal. In addition, California

Department of Fish and Game anticipatés monitoring the effect of water

withdrawvals, on the New River Delta and Salton Sea, that would resplt'

. Tl

from full-field development. Salinity:;of the Salton Sea is expected to
reach 40,000 ppm two years earlier thap without the full-field development.
A rise in salinity to 40,000 ppm, regardless of time of occurrence, will

result in elimination of game-fish feproduction with resultant, eventual

. elimination of game fish in the Sea. The effects of salt drift deposition

on cropland and natural vegetation will be insignificant as long as the

drift rate is maintained at no more than 0.008% loss. To ensure that

salt deposition impacts remain insignificant, SDG&E will conduct field

studies and monitoring programs at;the‘project site during plant operétions.

If .the studies indicate a potential for significant impact from salt

drift, mitigation measures will be implemented. ’
Impacté-associated'with full-field development, which is not part

of the proposed Federal action but which may be.egcouréged (although

definitely not initiated) by the Federal action, are documented in this

work as reported in the VIN Master EIR (EIR 1979). Although the full-

field development is not part of the proposed Federal action assessed

_here, information extracted from the EIR (1979) was selectively verified

as appropriate for fully addressing the environmental scope of the
proposed action. Development of the Heber resource is4presentiy ﬁeing
actively pursued by privafe enterprise. Many of the permits necessary
for full-field development have already beeniissued to the private
sector. The proposed Federal action is not initiating. full-scale
development of the Heber resource.i‘Né significant impacts are anticipated
as a result of the full-field development that may be encouraged by the
proposed Federal action. A ' 4

Table 5.4, which is reproduced here from section 5.11, éummarizes
both the unavoidable adverse impacts of the proposed Federal action and

their significance. No significant impacts are anticipated as long as

- mitigation and control measures are implemented. SDG&E will implement

all necessary mitigation and control measures. DGE will review. information .
obtained from the monitoring program and will inspect the site to verify

that mitigation measures are implemented and effective.



Table 5.4. Unavoidable adverse impacts

Significant -

(one option for blowdown disposal
after first five years of operation)

Issue : Impacts » yes/no Sections
; T N 1

"Land use : 9.3 ha (23 acres) will be consumed ‘ No | 52,62
Noise Minor increase in ambient level No 5.8, 6.6
Population Negligible increase . No 6.7.1,6.7
Housing ¢ Negligible increase in demand No 5.7.3
Transportation . Very minor increases - ' No | 6.7.5 .

- Cultural resources None . o V No ' 5.8
Aesthetics (construction)- - Minor visual impact -~ No. | 5.9
Assthetics (operation) Minor visual impact B No | 6.9
Air quality (well construction) Increase in TSP SO,, CO, HC, NO,, No i 6.6.1

. H:s i
Air quality (plant construction) Increase in TSP CO, HC, NO, No 1; 652" .
Air quality {operation) Emission of pennmlams and salt drift No, as long as drift ehmmuton (0. m 6.6.2,65.3
, ol ‘ loss or better) are used ‘*
Resource depletion Gradual fluid and thermal depletion  No, mitigated as much as pos-bie 5.1.1,6.1.1
" ofreservoir;
Induced subsidence None.projected, local alteration No,? will be monitored and if detemd 6.1.2,6.1.2
of drainage systems and mitigated
agriculture possible f‘

- Induced seismicity None projected . No,’ wull be monitored and if detected 5.1.3,8.1.3

Impacts caused by soils and ~ ~ None; corrosion or bearing failure No,? mitigation will eliminate or 5.14,6.1.4
surficial conditions possible if unmitigated minimize impacts .

Displacement of pnme Displaeement;'of approximately - No, design has minimized impact as much 5.1.5,6.1.56
farmlands . 23 acres of prime farmland _ as possible ' )

Damage caused by earthquakes Slight damage No, facilities will be adequately designed 5.1.6, 6.1.6

Damage caused by floods None i . - No 5.1.7,6.1.7

Accidental contamination of None projected, slight No, will be mitigated if detected 5.18,6.18
soils and groundwater deterioration possible : . L

Water depletion Reduced water available for No, as long as water allotment is 5.3

: _ irrigation controlled by 1D

Effluent discharge . Potential water quality . No, as long as CRWQCB nl}mgatlon and 6.3,6.3
. . change in the New River - monitoring requirements are followed
Thermal enrichment Potential increase in New River No? 6.4
: . aquatic weed growth
Water withdrawal from’ Drain flow drawdown, potential No? 5.3,564,63,64
agricultural drain " water quality degradation :
and altered instream flow
Salt drift on croplands Salinization of soils and foliar " No,? as long as drift eliminators (0.008% 5.2.2
i damage 10 crops loss or better) are used -
Salt drift on natural vegetation  Salinization of soils and ellmmatuon No,? as long as drift eliminators (0.008% 6.4.1
-of salt-intolerant species loss or better) are used . ’
Terrestrial ecology 60 ha of native desert vegetation Qualified No.? survey of al}'ea for rare 5.4.1
removed for evaporation basin or important species will confirm

#)mpact occurrence is unlikely or highly unhkely Will be mitigated when and if detected.

bMonitoring during the first five years of opefatlon will produce the data for establishing mitigation measures for the remainder of

the plant life.







2; PQRPOSE AND NEED FOR THE ACTION}

2.1  INTRODUCTEON

In the FY 1980WEnergy and Water Development Appropriatlon-Bill

conference report, DOE was directed to select a site within three months

for a 50-MWe (nom1nal capac1ty) geothermal binary demonstrat1on power

| Pub11c Law
(PL) 95-238 authorized: the plant and funds were appropr1ated 1n “PL:
96-69.
moderate- temperature resources (U.S. ERDA 1977 Muffler 1979, Wh1te and

I
plant and to proceed without delay in. developlng the plant
* The DOE’ D1v1s1on of Geothermal Energy evaluated alt the known

W1111ams 1975) and selected the Heber reservo1r as the only geothermal

demonstration site that has the potent1a1 of meetlng all the obJectlves

of a 50-MWe geothermal b1nary demonstration power plan

an unsollc1ted proposal to DOE for the design, constru

of such a demonstrat1on plant at Heber under a coopera

agreement with DOE. DOE‘part1c1pat10n in the project

of the Hydrothermal Subprogram of the DGE - to stimulat
of hydrothermal resources as an economic, reliable, op

and env1ronmenta11y acceptable energy source (U.S. ERDA 1977)..

the only utility in the country that has extens1vel

t. SDG&E subm1tted
Ltlon, and operation .-
Flve cost-sharing_ i
'supports the goal

efthe_development

erationally safe, -
' SDGSE is

y evaluated the

f

binary system and expressed a desire to build a 50- MWe b1nary demon—

stration plant. ,

Before any final dec181on can be made to proceed
‘ative project, it is necessary that the NEPA process
indicated in the preface; two environmental impact'rep
proposed project and one for full-field -development of
have been prepared for the Imperial County Planning De
these documents contain helpful environmental 1nformat
and the proposed prOJect they are not acceptable for
documents (Mezga and‘Brechblll 1980)..
consider the following: U '

1.

ance with NEPA;requirements and the Council on En)

(CEQ) regulations;. :

DOE's involvementAin the project - resulting'in a

with the coOper-“
As

orts, one for the

be completed

the Heber resource,
‘Although

ion about the site

9artment,

adoptlon as NEPA

SpeC1f1ca11y, the EIRs failed to

need for'compli-

vironmental Quality




2. DOE's responsibility for the scope and content of the environmental

review;
3. alternatives to the proposed action;
4. several important environmental issues.

Therefore, this environmental assessment was prepared to encompass and -

evaluate DOE's involvement in the project, to rectify the deficiencies,

and t6 evaluate independently the data contained in the EIR.

2.2 OBJECTIVES OF THE ACTION

2.2.1 Hydrothermal subprogram goals

Rapid commercial development of the nation's hydrothermalbresources
as energy sources is a major obJectlve of the Federal geothermal program.
Hydrothermal resources over 90°C in the Unlted States have a. heat content '
of about 3 x 1021J (7.4 x 102° Cal.) and are located pr1mar11y_1n the
Western states, Hawaii, and Alaska (U.S. ERDA 1979). Development ihvolvesf_

both characterization of resources and economic application'of their

potential Thus, the hydrothermal commerc1allzat10n program seeks to

cooperate with the prlvate sector in

,developlng known hydrothermal areas;
2; "overcoming technical, economic,(and'institutional restraints‘to
hydrothermal resource development; and ' ' o ‘
3. demonstrating on a cost-shared b351s the commerc1al fea51b111ty of'
hydrothermal energy utilization.
" The proposed Federal action fulfills the objectives of the hydro-

thermal program and furthers the aims of the Federal_geothermal program.

2.2.2 Project objectives

"‘DOE and SDG&E propose to enter into a cost-sharing agreement to
design, construct, andAoperate a commercial-scaie-geothermal“binary-
cycle‘electric power plant utiliziﬁg a liqoid-dominated hydrothermalz

reservoir. DOE hopes to demonstrate that the production of electric




"i?lg

‘scale,i~~j_"??~ﬂ‘l

L demonstrate reserv01r performance character1st1c

i
v
cod

'5J1w1ll address the fOIIOW1ng obJectlves

demonstrate a b1nary convers1on system technolopy at commercial = . "

2«

1frl1qu1d domlnated hydrothermal reserv01r,

. reservo1r product1v1ty (capab1l1ty and longev1ty)

ippower from geothermal resources us1ng b1nary convers1on systems is’
'7?“techn1cally, economlcally, enV1ronmentally, and soc1a11y acceptable

i,The prOJect ‘which. w111 also 1nclude aSSOC1ated reser%o1r development

}

_‘Vl e

‘,demonstrate the val1d1ty of reserv01r eng1neer1ngAestimates'ofgbff:

.
i,

. facility.

.”;7large potent1a1

lffﬁu'eprov1de Federal ass1stance to 1n1t1ate development at a resource of

!

:5;;gact as a‘"pathf1nder" for the regulatory process and for other -

;legal and 1nst1tut10na1 aspects of geothermal development and

76; ‘prov1de a basis for the financial commun1ty to est1mate the r1sks

';iand beneflts assoc1ated with geothermal 1nvestments

~ The plan for commerc1al1zat10n is based on the prem1se that developers,.

i demonstration of these technologles

;ut111t1es, and the f1nanc1al community are reluctant to make commitments
to unfamiliar technolog1es until confidence is galned from commercial

Binary technology, which shows

considerable long-term promlse for significantly reduc1ng the cost of

[ _
electr1c1ty from moderate temperature geothermal reservoirs, is percelved

developers

.generatlng ‘capacity,

‘to have a. higher risk than flash-steam technology.

For example, the

‘long4term operation'of downhole pumps, the efficiency'gnd reliability of .

" a 65-MWe (gross) hydrocarbon turbine, and the handling and ‘safety of the

Add1t1ona11y, the uncertainty of binary plant economics can-

the minimum size for an econom}cal commerc1al

Thus, the proposed action is aimed at prov1d1ng the pr1vate
'sector with assurance that the risks associated with an 1ntegrated

7,brnary geothermal system are low and that the techno"ogy is feasible;“

reliable, economical, and environmentally,aCCeptable.ﬁl

S S

N

“for a specific . i -

'hydrocarbon fluid, are perceived as major risks by utJ11t1es and resource.

.only be resolved by operatlng a demonstration plant of 50-MWe (nomihal)_i .
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2.3 'RELATIONSHIP TO OTHER DEMONSTRATION .PROJECTS

’_In 1977, DOE issued a program opportunity notice (PON) for design,
construction,‘and'operation of a SO-MWe.demonstration power plant using
a.liquidfdominated.hydrothermal resourge, for which the conversion
technology was. not speoified (i.e., flash steam vs binary)- The primary

ObJECthe of the PON was demonstration of favorable economics, and the.

‘competltlon was won by a proposal for a, flash steam power plant located

at Valles Caldera 1n New Mexico. Although the Heber site was found to
have fewer env1ronmental 1mpacts than the Valles Caldera site, it was

not selected because the or1g1na1 proposal was found to be unresponsive

to the PON on technical, f1nanc1a1, and manager1a1 issues. The proposal

was later restructured and,resubmltted (Section 2.4.2). Inf1978, as a
result of persistent activity by utilities and resource'developers, DOE

sponsored a study by the Geothermal Resources CounC11 which indicated a

.great need for hydrothermal demonstration projects — particularly technology

demonstratlons of b1nary systems. Because a privately owned 10-MWe

- binary pilot plant was under construction at East Mesa, California, and
a 5-MWe. binary pilot plant was to be constructed by DOE at Raft River,
Idaho,:DOE submitted to Congress (in response to PL 95-238, which authorized

a second, binary, 50-MWe demonstration plant) a statement questioning
the.need‘for an additional binary demonstration plant. The committee on
Sc1ence and Technology did not concur, and conference report 96-388 of
the FY 1980 Energy and Water Development Appropriation Bill directed DOE
to select a site within three months for a 50-MWe geothermal binary
demonstration power plant and to proceed without delay in developing the
plant. PL 95-238 authorized the plant and funds were appropr1ated in
PL 96-69.

2.4 PROCUREMENT ACTIONS

2.4.1 Site selection

~ All the known moderate-temperature resources listed in USGS Circulars
726 and 790 (Muffler 1979; White ‘and Williams 1975) were evaluated by
DGE, and the only resource demonstration site found to have the potential

of meeting all the objectives of the 50-MWe geothermal binary demonstration




":(? v"‘(‘i:‘ l.i

plant was Heber in the Imperial Valley of California.| The reservoir
criteria used in the selection, the reservoirs evaluated, and character-
istics of the two possibly qualifying resources, Heberjand East Mesa in
the Imperial Valley of Callfornla, are given in Appendmx A. Because the

East Mesa site had several deficiencies, the Heber reservoir was selected

as the better geothermal resource demonstration site. ! At the time of
the evaluation, .some d1ff1cu1t1es were being exper1eneed in obtalnlng
‘ suff1c1ent fluid flow for the pending 50-MWe flash-steam plant at the
East Mesa site. Although the fluid-flow difficulties have been remedied,
the resource conta1ns a 1ower temperature fluid than that at the Heber
site, which results in a higher cost of produced electrlc power. The
demand for this hlgher-cost power was questlonable Ehst Mesa may also
experience future difficulties in acquiring adequate stplles of coollng

lo
water or injection makeup water,

¥
b

2.4.2 SDG&E proposal :
] :

SDG&E submitted an hnsolicited proposal to DOE o&‘December 4, 1979
for the design, construction, and operation of a 45- nwé net (65-MWe gross)
geothermal binary demonstratlon plant to be located at the Heber 81te
SDG&E is the only ut111ty in the country that has extens1vely evaluated
the binary system and expressed a desire to build a!SO-MWe nominal
binary demonstration plant The company has acqulred the property for a
plant at Heber and obtained mahy of the necessary permits from the
_county. The proposal by SDGSE satisfies the requirements of the FY 1980
Appropriations Bill conference report and also meets ithe needs of the
geothermal industryiin cenfirming binary techholegy as| applied to moderate-

temperature geothermal resources in the United States.

2.5 FEDERAL ROLE

2.5.1 Cost sharing

It is anticipated that the form of Federal participation for this

project will be in the form of funding support under. a cost-shared
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cooperative agreement. However, every effort ‘will be made to assure ‘
that the Federal involvement does not perturb the project cost so that
the project may provide a realistic basis for private sector assessment

of commercial feasibility.

2.5.2 Management and schedule = ¢

The Federal role in proJect management w111 be significantly different
from the role in Federal facility procurement DOE, through DGE, will
participate in major management decisions but will leave day-to-day
management decisions to the industrial’participants in order to provide
as’'commercial a climate as possible for project operation. The schednle
proposed by SDG&E calls for flnal plant design within 25 months after
DOE agreement, 20. months of construction, several months of startup
testing, and a minimum two-year operational demonstration period. N

2.6 BENEFITS OF THE ACTION

Commercial adoption of binary plants could be advanced tmo to four
years by a demonstrat1on power plant. If the growth curve is roughly
exponentlal, a capac1ty of 10,000 to 20 000 MWe could be added to the
nation's supply by the year 2000.

Data from the flash-steam Valles Caldera SO-HWe demonstrat1on
plant, which will operate from a reservoir temperature of 273°C (523°F),
will allow direct compar1son with- the proposed binary plant at Heber,
which will operate from a geothermal resource at 175°C (347°F). Addition-
ally, if Southern California Edison.builds its planned two-stage, flash-
steam plant at Heber, the comparison between flash and binary system
plants at the same resource should provide the realistic assessment of
commercial feasibility necessary to stimulate industrialization. Data
from the DOE-constructed 5-MWe Raft River binary pilot plant will provide
additional information for evaluating binary technology for future

applications.
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3.

INTRODUCTION.

DESCRIPTION OF THE PROPOSED ACTION AND AL’

3.1

'ERNATIVES

The proposed Federaliaction addressed in this r

into a cost- shar1ng agreement to des1gn, construct, and operate a commercial-

scale geothermal b1nary ‘electric power plant ‘that utlllzes a liquid- domlnated

hydrothermal reservo1r “

pr03ect is to demonstrate that the product1on of el%

eport is to enter

The goal of the Heber b1nary cycle geothermal

ctric power from

geothermal resources 1n the Unlted States using a b1nary convers1on

system can be econom1ca1 as well as env1ronmenta11v and soc1ally

,acceptable ‘3 .

The plant will be an 1ntegrated commercial-sc
electric power generatlng plant. It includes the g
system, fluid productlon equlpment fluid transm1551or
system, electric generatlng plant, geothermal fluid
fluid disposal fac111t1es, and a tie-in .to-an electr
mission network. R . - ' | o .

The plant generatihg system will use geothermal
source for power generat1on and b1nary conversion t
project will 1nc1ude prov131ons for collection and r
generated by the demonstrat1on progect Thus, conside
mentation will be 1ncluded in the operat10na1 design t
- commercial power plant ‘ ’

"~ Because the prOJect contributes to the furthera
| geothermal program'goal (U.S. DOE 1979a) that is ‘int
non-Federal development 'in the United States of large
liquid-dominated,,hydrothermal resources for electric
field development of the Heber resource of up to 500
capacity is examined iniChapter 7. However, because
is not dependent on thls binary demonstration projec

this subsequent action ﬁs not addressed in detail he

15

ale, geothermal
eothermal field
1 system, convers1on
treatment, spent

ic utility trans-

energy as the heat
The

educt1on of data

echnology.

rably more-instru-=

o= (P

han for a strictly

nce of the Federal

Lnded to stimulate

generation, full-
MWe of generating
t, assessment of

re (see Preface).

moderate-temperature,

full-field development
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3.2 NO ACTION ALTERNATIVE

" As discussed in Sect. 2.1, DOE was directed in the FY 1980 Energy
and Water Development Appropriation Bill_conferencerreport to proceed
without delay in developing a 50-Mwe geothermal binary demonstration
power plant The proposed'action‘fulfills the directive, whereas imple?
mentatlon of a "no action" alternatlve (i.e., den1a1 or delay of Federal
.fundlng) contravenes the d1rect1ve Development of geothermal’ resources

1n ‘the Heber anomaly would probably proceed without the proposed prOJect‘ o

-:A'but at a dlfferent rate and us1ng a d1fferent technology mix. Therefore,“

.commerc1al development of the b1nary cycle for utilizing the large

*“11qu1d -dominated hydrothermal resoprces of the United States would

shAsuffer some delay. Because of the perce1ved f1nanc1al and technolog1cal -

risks of the commercially unproven blnary cycle (Sect 2 2. 2), 1ndustry
‘ladopt1on of b1nary plants- would be delayed perhaps two to four years
'-The benefits of commerc1a1 adopt1on, namely, add1t1on of geothermal
"electrlcal capac1ty to the nation's supply w111 not be reallzed as

..rapldly if the "no action" alternatlve is selected (Sect. 2. 6)

3.3 PROGRAMMATIC ALTERNATIVES

The objective of the proposed action (Sect 2.2) is the near-term
development of the nation' k] moderate temperature hydrothermal resources.
by demonstrating the geothermal productlon of power at a price that is
competitive with other conventional, nuclear, or fossil power sources.
Adoption of an alternative power-producing program is inconslstent'not
only with the goal of the proposed action but also with that of the

Federal Geothermal Program.

3.4 ALTERNATIVE SITES

In its selection of the Heber site, the Division of Geothermal
Energy evaluated all the known moderate-temperature resources listed in
USGS Circulars 726 and 790 (Muffler 1979; White and Williams 1975). As
discussed in Sect. 2.4.1, the only resource demonstration site found to . ‘

have the potential of meeting all the objectives of the proposed project
was Heber (Append1x A).




o a. moderate temperature resource is the’ flash steam cycle A proposal to71‘
» ',5plant -at the Valles Caldera in New Mex1co has recently been awarded b'

) ;;18 plannlng to construCt a 50 MWe flash- cycle power- plant at the Heberi

v‘513¥51te that is to be’ operatlonal by January 1982 (SDG&E ]979) Slnce DOE

"4";;on line shortly at Heber; the adoptlon of a- flash-steam cycle 1n place

e 17 s

3.5 ALTERNATIVE PROCESSES.-_

The only currently reasonable alternat1ve convers1on technology for o
"‘des1gn, construct, and operate a 50 MWe flash-steam demonstrat1on power

lllDOE (Sect 2 3) Add1t10nally, ‘the Southern Ca11forn1a Ed1son Company

“fls presently supportlng a flash-cycle demonstrat1on prOJect at anotherf

'geothermal locatlon and a commerc1al operation us1ng flLsh cycle w111 be

”ﬁ.of the proposed b1nary cycle would dupl1cate ex1st1ng plans Also, 1t y;i

"h would be 1ncon51stent w1th the Congre351onal d1rect1ve that spec1f1ca11y {_j

A calls for demonstratlon of b1nary technology
{'S;STTALTERNATIVE'USES OF CEOTHERMAL ENERGY

A nonelectr1cal appllcat1on of the Heber resource 1s 1ncon51stent
w1th the obJectlve of the proposed actlon to demonstrate the economlc o

’{potent1al of electr1c power production  from moderate temperature geo- L

“fflthermal resources Therefore selection of an alternatlve use for the

'”resource is counterproductlve to ach1ev1ng the goal of the actlon R

s 3;7‘1THE“PROPOSED ACTION

33;7;1” Site location"

‘ The Heber Binary Cycle Geothermal PrOJect will be 1ocated 1n southern
Callfornla s Imperial Valley, about 193 km (120 miles) east of San

D;ego 2. 3 km (1.4 miles) south of the community of Heber, and approx1mately‘""*

4.8 kin (3 miles) north of the U.S.-Mexico border.(Flgs. 3,1?and'3.2)Pon
land presently utilized eXclusively for agriculture. The site is in‘the'u
“southwest corner of Sectlon 33 of RI14E, T16S. Approx1mate1y 8.1 ha
(20 acres), of the 16.2 ha (40 acres) purchased by SDG&E will be requ1red
for ‘the plant site. The site is about in the center of the 2965 ha

¥

N T I

” o
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(7320-erre)vgeothermal overlay zone, which was established by a resolution
of the Imperial County Board of Supervisors on May 19, 1978 (SDG&E
1979). It is bordered on the east by Dogwood Road and on the south by.
the Central Main Canal (and Willoughby'Road)‘ "The Beech dra1n flows .
near the site on the south side of Wllloughby Road.

A set of m1n1mum conditions had to be met in order for the Heber
location and reservoir to quallfy as_a_demonstratlon site for the 50-Mwe
geothermal binary power plant. These eenditions, which inclﬁde reservoir
temperature and salinity, depth and size of reServeir, electric demand,
availability of coollng water, and the ex1stence of adequate environmental,
socioeconomic, and geothermal data, are listed in Append1x A. Of all
the known hydrothermal reservoirs in the United States, only ‘two resources
have the potential of meeting the establlshed reservoir cr1ter1a and of
the two, only the Heber site is capable of meetlng the nonreserv01r cri-
ter1a (ORNL Verification Memo No. 1).

3.7.2 Project description

The Heber Binary-Cycle Geothermal Project consists of design, con-
struction, and operation of a demonstration binary power plant and
development of the associated liquid-dominated hydrothermal reservoir.
Because the commercial-scale electric generating plant will be an integrated
plant; it will include the geothermal fieldAsystem, fluid production
equipment, fluid transmlss1on system, conversion system, electric generating
plant, geothermal f1u1d treatment and spent f1u1d d1sposal fac111t1es,

and a tie-in to an electric utility transm1ss1on network

3.7.2.1 Site access roads

Major direct access routes (Interstate 8 and Highway 98) connect
the Ihperial Valley aith San Diego, California and Yuma, Arizona (SDGSE
1979). Additionally, the project area, which is immediately accessible
by two county roads (Highways 86 and 111) that border the project site,
is also accessible from anywhere in the vicinity by a network of major
and:secondary roads that traverse the entire Imperial Valley-area. . Load
limits on these roads.are determined by the California Vehicle Code and

loads in excess of these limits may require special permits.




3.7.2.2 Well drilling; testing, production, and aBandonﬁent
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Because the Heber reserv01r is located on pr1me farmland, 1t is
essential that geothermal act1v1t1es disturb as 11tt1e agr1cu1tura1 land
as possible. Therefore, an island drilling concept W11& be employed
All productlon wellheads W111 be centrally located ania production
island and the wells w111 be d1rect1ona11y drilled to] the requ1red

bottom-hole. locatlon Slm11arly, 1nJect1on wellheads w1ll be located on
a separate 1nJect1on 1s1and and tne wells w111 be d1rect1onally drllledA
to their desired bottom-hole locatlons (F1g 3.3).

The proposed SO-MWe demonstrat1on plant will requlre about 900 kg/s
(7. 14 x 108 lb/h) of geothermal fluid to be delivered from one productxon

.1s1and compr1s1ng 13 productlon wells (12 operating wells and one well .

drilled as a spare) ‘A S1ng1e injection island conta1n1ng seven wells

(six operating wells and one well drilled as a spare) W111 handle the

100% reinjection of the f1u1d All well ~drilling procedures and equlpment

will be in accordance w1th rules and regulations of the“the Cal1fornla
Division of 0il and Gas (DOG) and are described in deta11 in EIR 1978.

The regulatlons mandated by the DOG include criteria for drllllng,

casing, and monitoring to: prevent well/blowouts, the prlmary source of

accidents in geothermal well drilling (Sect. 3.7.2.7). ﬁ

Drilling and .testing . L T .

Drilling of batn-theiproduction and injection wells will be with
conventional rotaryymud-circulating drilling rigs utilizing oil-field
procedures. Fifteen tesﬂﬁwells ranging in depth from|about 915 to
2750 m (3000 to 9000 ft) have been successfully drilled into the Heber

i .
‘anomaly using conventional oil field equipment and standard cementing

hardware. Eight of the wells were cased, and subsequent tests indicated
neither evidence af,casiné failure nor any corrosion greater than 0.13mm
per year (5 mils per Year), a tolerable corrosion rate. Because of the
satisfactory results W1th this testing program, no dr1111ng, casing, or
cementing problems are- ant1c1pated in installing wellslfor the demon-
stration plant, and ng'add1t1ona1 test;wells are plann%d '(SDGSE 1979).

o

i

.

ST 1
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EPresent'planS'call

- four. de51gnated productlon zones, numbered one through
fthlckness of 610 m (2000 ft) ‘and beg1nn1ng at'a 610-m

uProductlon and 1nJect10n 'wells ‘will be drilled concurr

Eor dr1ll1ng pr1mar11y 1nto t
|

he.upperjtwoqofu R
four; each’With a-'
(2000 ft) depth

ently: 51x zone 1

7-producers Csixc 'zone 2 producers, three zone 1 1n3ectors,'and.three

producer well willlv-f
A

l
*be fitted w1th an:

V',zone 2 1nJectors Addltlonally, one 1n3ector and one

Hlbe dr111ed to 3000 m (10 000 ft), at the base of zone
geolog1c and reservoir: data ~ Each producer well will

Telectr1cally dr1ven downhole shaft- drlven turblne pump. The pumps keep

‘ the fluid at suff1c1ent1y high. pressure to prevent vaporlzatlon, assurlng

ithat the geothermal f1u1d is maintained in the l1qu1d phase from the""l
:-'produc1ng wells," through the heat exchanger, and to the 1nJect10n wells.
l3The producer wells w1ll be drllled vertlcally to a depth below the

T_expected setting depth of the pumps [180 to 240 m (600 to 800 ft)], then _
| v

-'fthey will be d1rect1onally dr1lled to the desired bottom-~hole locat1ons

4In3ect10n wells, wh1ch w1ll not contain pumps, will deviate from the -

‘vertical- at. shallower depths Both production and injection wells will

- 'be ¢ased as shown 1n Fig. 3. 4 and the casings will be|perforated by jet

4
|8

C to. provide - the de51redhproduct10n rates. All casings will be fully

’.,cemented and an outside’] cas1ng will also be employed and cemented through
' shallow sedlments to protect against’ leakage of geothermal fluid into
The wellheads will be located i

7“approx1mately 1.6 m (6" ft ) below ground level to keep the wellhead

- shallow’ groundwater n concrete cellars'

‘ manlfolds below grade and to contain any small spills at the wellhead.
" The pump motors will extend above grade as shown in Fig. 3.5 (EIR 1978).

The dr1111ng mud system is a water-based slurry containing clay solids

' and other~1nert ingredients to maintain suitable density and viscosity
ng bit, and_caustic1

'_ICharacteristics, detergents for lubricating the cutti ,
). The pH of this

soda'(sodium'hydroxide)ﬁas a cutting agent (Table 3.k

,, to give: further : =

. harmful substance and d1sposed of in an approved disp

S the temperature of the mud is the major hazard, it ca

A A G A T

) f1u1d 1s about 9 or 10‘ and thus it will be handled

as a potentially
0sal area. Although.

n also be irritating,

if. not corr051ve, to unprotected skin or eyes (Hahn 1

979). As shown in

_ F1g 3 6 the mud slurry 1s ‘pumped down the drill plpk through the drill : -
: j

e
.
Y

T
'y N
r
|

e

o
R
|

"';b1t where 1t removes rock cutt1ngs and transports them to the surface.
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Table 3.1. Composition of typical drilling mud

Values are given in kg{lbs) unless otherwise indicated

Amount for drilling to-1981 m

Components (6000 ft)
Magcoge! (bentonite) 13,600 (30,000)
Tannathin (lignite) 2540 (5,600)
Caustic soda 1,180 (3,700)
Barite (barium sulfate) 450 (1,000)
Bicarbonate of-soda 225 (50)
Soda phosphate 725 (1,600)
Soda ash 680 (1,500)
Geo-gel (sepiolite) o _ 31,400 (69,200)
WL.-100 (sodium polyacrylate), L (gal) 662 (125)
Drilling detergent (soap), L (gal) 56.8 {15)
Water, ft*; L (gal) 680,000 (180,000)
: (24,000)
Total volume of drilling mud 708 (25,000)

is approximately, m? (ft>)
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The cuttings and debris are separated by shaker screens from the drilling
mud, which is reinjected down the drill pipe. The cuttings with adherent
waste mud are discharged into an earthen pit from which they are collected

and hauled to an approved disposal site (Sect. 3.7.2.7).

Production

produced at a wellhead pressure of about 1.38 x 10® Pa (200 psia) from
wells located at oﬂe production island adjacent to the power plant (Fig.
3.7). The 13 prdducer wells are in two rows with sufficient space
between them for drilling and maintenance. The producing island, which
has a 0.46m (18 in.) hlgh earth berm all around it to contain any
unexpected geothermal fluid d1scharge occupies 1. 5 ha (3.73 acres) and

has sufficient area for 32 we11s

. Because the Heber resource is a moderate-temperature, fluid-dominated

resource, the wells will not be at high pressure. Thus. the likelihood

of rapid fluid escape is lessened, decreasing the chances of serious

floqdlng. However, in the unlikely event that large amounts of geothermal

fiuid escape, the volﬁme;of the bermed production island would contain
15 poursvof flow at a rate of 80,000 barrels per day, the average free
flowing volume for one well (Carroll 1980). In addition, spilled fluid
will be reinjected as soon as possible by using the staftup suction pump
at’thé production island to move spilled fluid into the bypass line from
which the fluid will enter the fluid return pipeline to the injection
"igland (Carroll 1980). ' ‘ . _

‘A 1.8-m- (6-ft-) high chain link fence isolates the production
area. The flow from each well can be adjusted manually by a valve in
the discharge line at the wellhead. Discharge lines from individual
wells connect to a common header from which the combined stream will
flow through a desanding vessel and a metering station and then to the
power plant. Each well will also have a bypass to the injection line or
to the holding tank for use when bringihg a well on line or during well
cleanup. The production desander has four automatically controlled
blowdown connections to remove accumulated sand from the desander and
transport it into the fully lined sagd pit from which the accumulated

sand will be periodically trucked to an approved disposal site.
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After passing through the heat exchanger in the power plant, the
cooled geothermal fluid‘moves by pipeline to the injection island at a
discharge pressure of 1.72 x 10® Pa (250 psia), provided by fluid return
booster pumps. Because this pressure is insufficient for reinjection,
additional pumping will be required at the injection island or equivalent
location. The fluid temperature must be kept above 65°C (150°F) to
prevent precipitation of solids béfo:q_or during injection. Any cooler
' fluid will be diverted to a portable holding tank from which it will
either be injected by mixing with hotter fluid or trucked to an approved
disposal site. The holding tank will also accommodate fluid generated
during backflow of an injection well although backflowing is expected to
be needed infrequently. The layout of the injection island, which is
located at the periphery of the resource, is similar to that of the
production island. It also is surrounded by a 0.46m (18 in.) high earth
berm and fence, contains seven wellheads with provisions for an additional
seven wells, and occupies about 1.1 ha (2.8 acres) (Fig. 3.8). The
fluid production facility construction will be éompleted approximately
six months before the first turbine roll to allow time to evaluate the

wells and the down-hole pumps.

Abandonment

- Should well abandonment be neéessary, it will be accomplished in
accordance with State of California DOG regulations which require that
proper steps be taken to protect underground or surface water from geo-
thermal fluid infiltration and to prevent escape of all fluids to the
surface. Writteﬁ'notice will be given of the intention to abandon a
well and the proposed method of abandonment will Be furnished the Cali-
fornia DOG. | '

3.7.2.3 ,Powerlglant

The Heber power plant will be an oﬁtdoor station with a generating
capacity of 45 MWe net and 65 MWe gross. On-site power consumption will

be about 20 MWe. All major equipment, including the turbine generator,
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- Process .-

'.;90 mole percent 1sobutane and 10 mole percent isopentane, 1s also maln-

32

will be installed'outside' Outdoor installation will help avoid the.

"'safety hazards assoc1ated w1th handl1ng and containment of hydrocarbons

in an enclosed area (Sect. 3.7.2.8).

: f The Heber power plant will use a s1mple blnary cycle convers1on

' process wh1ch cons1sts of three fluid loops: a geothermal flu1d loop, a
hvhydrocarbon worklng fluid loop, and a cool1ng water loop (F1g 3 9).
'i,750nly the cool1ng water loop produces em1s31ons to the env1ronment under

V'-fnormal operatlng condltlons (Sects. 5.3 and 5.5. 2)

The geothermal fluld is contained w1th1n a closed loop in wh1ch the -

‘«.s1ngle—phase 11qu1d is withdrawn at a rate of 900 kg/s (7. 14 % ‘108 1b/h).l
"“;from the reserv01r at 182°C (360°F), passes through the br1ne/hydrocarbon"
’liheat exchangers (where 1ts sen31b1e heat is transferred to the worklng ff'

: fluld), and is: returned in its entlrety to the reserv01r at about 729C .

(160°F) W1thout d1rect exposure e1ther to the atmosphere or the worklng ‘

“°=g*_f1u1d

The work1ng flu1d which .is a saturated hydrocarbon mixture of

- ta1ned within a- closed loop and cycles through four stages

1lzivaporlzat10n in the brlne/hydrocarbon heat exchangers to a super-'
“ critical fluid [153°C and 4 x 106 Pa (305°F. and 575 ps1a)] by

' dextract1ng heat from the geothermal 11qu1d
2. expan31on-through the turb1ne;

3..vcoollng and condensat1on in the hydrocarbon condensers to 43°C

“(110°F) by dlscharge of -reject heat to- cooling water; and

4. pressurization by pumping to 4 X 10® Pa (575 psia), the pressure

. requlred at the turblne inlet.

The cool1ng water, wh1ch is contalned within a cool1ng 1oop, is, cooled

to’ 90°F by evaporation in a multlcell ‘mechanical-draft coollng tower fiff':

E(Sect 3.7.2. 4), is c1rculated through the power plant at a_ rate of o
8. 82 m3/s (140 000 gpm), pr1mar1ly through ‘the hydrocarbon ‘condensers - .
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[where it absorbs heét, raising the temperature to about 43°C (110°F)],
and is returned to the cboling tower. Makeup water [0.20 to 0.22 m?/s
(3200 to 3500 gpm)] will replace both evaporative and drift losses and
the approximately 0.044 to 0.050 m3/s (700 to 800 gpm) blowdown that
will control the total dissolved solids (TDS) content of the cooling

water. -

Equipment
Four major components comprise the power plant:

1. the heat exchangers — the brine/hydrocarbon heat exchangers and the

hydrocarbon condensers,

2. the turbine generator,
3. ‘the cooling tower (Sect. 3:7.2.4), and

4. the various pumping systems.

Because the proposed Fed§r31 action includes design as well as construction
and operation, final decisions on the exact description of some of the
components are not yet available: For example, information describing

the geothermal fluid/hydrocarbon heat exchangers, which are central to
operation of the power plant,'remains to be developed.. Environmental
considerations identified in-this assessment are being factored into the
project design. The hydrocarbon condenéerslﬁiil’be of the shell-and-tube
type with carbon steel shells and admiralty metal tubes. Because the
hydrocarbon pressure on the shell side will exceed the water pressure in
the tubes, it will be essential that_the tubés and the joints be designed
to minimize the risk of hydrocarbon leakage to the cooling water.
Hydfocarbdns in the cooling water could be released to the‘atmosphere
during cooling tower circulation. A hydrocarbon detector will be installed
in the cooling water system to detect the presence of hydrocarbons in

the cooling water. » | . ‘ '

The geothermal fluid/hydrocarbon heat exchangers will expeéience a

buildup of scale that is brittle and can be mechanically scraped from ‘
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the tube surface on theﬁfluid side of the tnhes. Tﬂe scale contains
silicon, iron, antimony, arsenic and sulfur (EPRI, E3-572 as cited in
SDG&E letter, May 12, 980) Scale cleanout is estimated to generate
about 2.1 m3/year (75 ft3/year) of waste which will bJ disposed of at an
approved solid waste disposal site (Sect. 3.7.2.7). §

The hydrocarbon tutbine is a key element'in thefbinary conversion
process. Many designs exist but a unit that meets the exact specifica-
tions for the commerc1a1 size Heber facility has never been built (SDG&E
1979). However, at 1east three suppliers are w1111n§ to furnish the
required turbine. The turbine generator will be des1£ned to operate as
a base- 1oad unit and to accommodate occasional var1at1ons in the turbine-
generator load because of variations in electrical demand and the presence
of other generators connected to the grid The turbine and generator
will be directly-connected to operate as a unit at a‘synchronous speed

of either 1800 or 3600 rpm. Demonstration of the technical feasibility

of a geothermal binary power cycle on a commerc1a1 scale includes procure-

ment, 1nstallation, and operation of the hydrocarbonlturbine This is
an important element of the Heber demonstration prOJect (Sect. 2.1).
Because the power cycle in a binary plant depends on c1rcu1at1ng
11qu1ds, pumps and pumplng become important, both in terms of power con-
sumption (most of the plant s auxiliary power is consumed by pumps) and
effective operation Additionally, pumps within thej hydrocarbon loop
will need to be de31gned to contain the flammable hydrocarbon liquids.
The technology for handling hydrocarbons is well established in- the
process 1ndustry, and 1t is expected that little modification will he
required for adaptationnof the technology to geothermal power generation
(SDGSE 1979 Vol. I).

‘r
L

Plant layout ‘ | o .;.7 | ‘

A layout of the power plant is shown in Fig 3.10. The power plant
and its adjacent production island (Fig. 3.3) together will occupy '
8.1 ha (20 acres); and the injection island will occupy 1.1 ha (2 8 acres)g.
Thus, the total area committed will be about 9.2 ha 022 8 acres) (Section

5.2). The energy convers1on equipment is p031tionediaround the turbine
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~ generator along- withvthe necessary buildings, the control house and
shop. The cooling tower and settling ponds, which occupy almost half

l"

the plant site, are d1scussed in Sect. 3.7.2.4.
Ha1ntenance access1b111ty will be a major cons1deration in the
arrangement of the 1nsta11at1on. For example, adequaée clearance will

be prov1ded for a gantry-type crane to be used dur1ng‘1nsta11at10n and

ma1ntenance Overhead p1pes and e1ectr1ca1 COﬂdUlts W111 be avoided:
around the turbine to prOV1de freedom of access. Add1t1ona11y, the
laydown area on the turb1ne end” of the foundation W111|enab1e components
to be lowered to grade for ma1ntenance or transportatxon to a shop.

' Heat exchangers W111 be arranged for ease of tube’ c1eaé1ng and replacement.

|
.4,-

I . '

Construction ‘

. i
All plant constructﬁon activities will-be.performEd in accord with
applicable ASME and electrical codes regulations. Construction will:

begin with plant site preparat1on (grading and excavatxon) performed

with gasol1ne-powered commerc1a1-s1ze -grading and construct1on equxpment

Foundat1ons will be placed for each piece of major equipment.. The major

components of the plant w111 be assembled mounted, and aligned; piping
will be placed. The settling ponds will be constructed and the cooling
towers will be erected. After the control and ma1ntenance buildings are
constructed, 1nstruments w1ll be 1nsta11ed electr1ca1 connections will
be made, and the start-pp program will be implemented (SDGS&E 1979).--
‘Waste materials accumulated during construction will ke collected and
disposed of in an off-site approved disposal area (Sect. 3.7.2.7).

' The -energy conversion‘area will be covered with;a hard surface
capable of bearing maintenance equipment such as hydraulic cranes. and
" their loads, portable air compressors, and loaded trucks. Paved walkways
. will be provided'for direct access between areas.  Any unpaved areas
'will;be covered with a suitable ground cover to reduce fugitive dust

within the power plant. !
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3.7.2.4 Cooling tower

Because the proposed Federal action includes design as Qell as
construction and operation of the cooling tower, and also because the
-source of cooling water will change after the. first five years of oéeration,
a large number of design and operation optlons were available. In order
not to eliminate any of the optlons arbltrarlly, three p0331b1e drift
rates were considered reasonable and each of these were evaluated for
the first five years of operatlon and also for the remalnder of the
plant life. Add1t10na11y two sets of méteorological data were available,
~and each of the alternatives was evaluated using each set of meteorological
data. Ultimatély, standard drift elimination (0.008% drift rate) became
the design option of choice and the one on which the environmental
.assessment was based. However, the analyses for the other alternatives
were retained for informational purposes and are reported in appendices
D-H as noted in‘'Section 5.

s Although'é vendor for the cooling tower has not yet been selected,
-“%esign data (Table 3.2) are based on the Marley 600 series cooling tower
with a 8.5 m (28 ft) fan (SDGSE letters, April 3, April 29 and May 22,
1980). Specifications -call for a 10-cell mechanical-draft tower 18.3 m
(60 ft) high, 'and 121.9 m (400 ft) long with an inside cell radius of
4.8 m. (15.7 ft). = Approximately 8.8 m3/s (140,006,gpm) of cooling water
will circulaté thréhgh,the tower in a continuous loop. Water lost by:
evaporation, drift, and blowdown will be replaced by a makeup flow of
about 0.20 to 0.22 m3/s (3200 to 3500 gpm) from the adjacent storage and

settling ponds (Fig. 3.10). .
Water from one of three sources will be pumped to the silt-removal
ponds. The pdhds will be sized to contain enough water for one day of
. full-load operation, plus an adequate reserve for fire fighting (Sect:
g“% 7.2.7). A coagulant will be added to enhance clarification, and silt
is expected to deposit at the rate of 680 kg/d (1500 1b/day). Silt will
be removed from the pond on a regular basis and disposed of at an approved
site. ;- | ‘
Cooling &;ter for the first five years of operation will be Colorado

River irrigation water, and after the initial five-year period, cooling .
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v |
Table 3.2. Cooling tower design data |
Parameter ~ Specification / o
Type of cooling tower Mechanical draft ;
No. of cooling cells .10 g
Length of tower bank, m (ft) ' 122 (400) . i
Latitude/longitude of tower, ° 32.75/115.556 )
" Tower base elevation above mean 0 a
~ sea level. .
- Tower height above ground, m (ft) +18.3 (60)
Inside radius of cell exit, m (ft) : 4.80(15.7) |
Total heat rejected MWt (Btu/hr) ' 405.7 (1.33 X 109)
Water/air mass ratio ‘ 1.27 '
Gas exit velocity, m/s (fps) : 8.7 (28.43) ;
Temperature at cooling 4 . 10.5 (19) :
tower, °C °F) : ‘ ’
Concentration of total dissolved : 40007 o
solids in drift, ppm £ S :
Drift rate, % ; 0.008 b o
Drift size distribution: ‘ - = R
; . Diameter :Weigl;it ol v
; range ‘fraction
(um) !
R ~ | '
' .- 0-50 t0.25 .
-i 50—100 0.20 - i
. 100—-150 -'0.12 . b
150-200 012 | !
.200-250 '0.08 :
250-300 . 0.06 -,,
_ 300400 . 0.08 "
" . 400-500 .0.04 '
- 500—600 +0.025
600—700 0.0020
700-800 0.0021
800—-1000 o 0.0024
1000—-1200 - 0.0018
1200—1500 0.0036
. >1500 .0.0131

aAssumed to -be' equal to maximum allowable total’

dissolved solids (TDS) content for disposal of blowdown to .

" agricultural drams will increase to 20, 000 ppm after 5 years .

of operation. . ..
Source: Personal communlcatlon J. Dietz and D Kelly-

Cochrane San, Dlego Gas and Electnc
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water will be obtained from either K the New Riwer, agricultural return .
flows, or both sources. These arrangements are discussed furtherlin
Sect. 4.3.1, Hydrology. Colorado River irrigation water has a-total
dissolved solids (TDS) content of Lbout 1000 ppm, mostlyfaS»SOdium,b
chloride. The New River and agricultural return flow are wastewater
sources containing high TDS, 4000 ppm for agricultural drain water and
5000 ppm for New River water. In addition to the high.silt'loads that
all three sources contain, the New River water contains industrial and
sanitary wastes .that will require treatment prior . to use. - Treatment
' w1ll be avallable as soon as the planned water treatment fac111ty g
becomes operat1onal (Sect 7.3.4). Additionally, all cooling water
(1rrespect1ve ‘of the source) will be treated on site with sulfuric aC1d‘v ib'“
for pH control, chlor1ne for bacterla and algae control and - solid. .
'dlspersants and corr051on inhibitors like heavy metal (21nc and/or:'.
" chromium) salts | Although the amounts of add1t1ves have not yet been i
determlned the maximum blowdown concentrat1on of add1t1ves (and there-l”:'*‘
‘fore the max1mum concentratlons in the c1rculat1ng water) w1ll requlre R
controls like those shown in Table 5.1 (SDG&E letter, Aprll 29, 1980) 1nf e .
forder to comply w1th the Callforn1a Reglonal Water Quallty Control Board‘*ﬂl;llf o
1(CRWQCB) waste discharge requlrement s . o .
Because the allowable ‘TDS content of water d1scharged 1nto the New
River is limited to 4000 ppm and because both'1rr1gat10n returnxflow‘and:t L

New:River»water which are the two most likely sources of cobling watér?'b“ -

- after the initial five-year perlod have a TDS content equal to orif

greater than 4000 ppm, it will be necessary to find an alternatlve meansf
for d1sp051ng of cooling tower blowdown. The SDG&E plans call for ‘
utilizing one of two optlons — either 1nJect10n into. the geothermal
reservoir or evaporation by open pondlng in an evaporatlve basin. The-"
amount of blowdown will depend upon both the drift rate and the number
of allowable cycles of concentration of the- cooling water to malntaln ‘
the TDS content at an acceptable level _ thereby meet1ng cool1ng tower
operating needs and dlscharge requlrements ’

Table 3.3 describes the gross initial and f1na1 TDS concentratlons LT~;_

of the three’ sources of cooling water and Table 3.4 out11nes the blowdown

rates to be expected from each source at various cooling tower drift
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- Table 3 3 Imtlal and flnal total dissolved sollds (TDS)

content of ‘cooling water

i
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rates. If the 1nJect1on optlon for cooling water blowdown dlsposal 1s
elected two poss1b111t1es for d1sposal are available. In the f1rst
blowdown, flow1ng ‘at .054 m3/s [1.9 cfs (maximum)] will be conveyed in a-
0.09 m (3 5 in.). pressurlzed underground pipeline to the then ex1st1ng
(constructlon to start in 1980) Chevron New River water treatment plant
(Sect. 7.3.4), where it w1ll enter into the water treatment process at
an appropr1ate‘po1nt in the process stream. Because one of the purposes
of the water treatment facility is to provide makeup water for 1n3ect10n4
into the_geothermal reservoir to meet the'requirement for no net fluid "
withdrawal from the reservoir, New River water will be treated sPecifically B
for that purpose Addition of blowdbwn should not only reduce water '
consumpt1on from the New R1ver, it may help reduce processing costs
because blowdown will come to the plant relatively "clean" in terms: of
‘biological wastes and suspended solids. In the unlikely event ‘that

pilot studies indicate that this scheme is not feasible, (e.g,,,1f.
cooling tower blowdown is inconpatible with New River water), blowdown .
vcould be treated in local facilities at the plant site and injected 1nto'
the reservoir in separate wells. As 1nd1cated in Section 3.7.2.7, any
solid wastes generated during treatment will be disposed of by transpor-
tation to an approved d1sposal site.

The alternative to injection is retention of the blowdown in an
evaporative basin, located in the undeveloped desert, approx1mately A
14.5 km (nine miles) west of the Heber site. A 0.09 m (3. 5 in.) dlameter .
underground pressurized p1pe11ne approximately 14.5 km (9 miles) long
would be required to convey the blowdown to the pond. Because the ‘
proposed project is in an arid area with a high evaporation rate, est1mated“"
as 2.2 m (88 in.) per year for a saturated salt solution (SDG&E 1etter,
May 12, 1980), the total area for the pond for the lifetime of the plant
(25 years) should not exceed 50.6 ha (125 acres) (Table 3.4). To ensure

.contalnment w1th1n the pond and prevent contamination of. surface water

or shallow groundwater, the pond will be lined with either an 1mpermeable 3
synthetic liner or a 10.2 cm (4 in.) thick asphaltic concrete llner It
will be important to obta1n a liner capable of w1thstand1ng a h1gh

sodium chlor1de env1ronment over a prolonged time per1od Compacted‘,
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, Table 3.4. Blowdown rate for 3 sources of cooling water |
Drift rate Blowdown (gpm) - . Evaporative
(%) Maxin - Yearl . baslql;area
, aximum early average (acres)
, Irrigation water ; ‘
0.1 . 710 ~ a70 NA
0.002 845 . 565 NA
?‘ r
Agricultural return flow '
0.1 495 330 75’
0.008 625 415 90
0.002 : 635 - : 425 95
_ New River water ‘
0.1 710 470 105
© 0.008 835 ) 555 12‘0 ’
© 0.002 8?5 : 565 125
‘,| .
[ |
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clay may not be suitable since chlorides are not retained by ciays. ‘
Details of construction, operation, monitoring, and decommissioning are
included in Appendix B (SDG&E letter, May 12, 1980).

3.7.2.5 Pipelines

‘Two geothermal fluid pipelines will be required: one to convey the
hot geothermal fluid from the production wells to the power plant and
the other to carry away the cooled fluid to the injection wells (Table
3.5). A single 0.61 m (24 in.) 0.D. pipéline‘will transport the hot
fluid 122 m (400 ft) to the powerplant heat exchanger and a 3658 m
(12,000 £t) long, 0.76 m (30 in.), diameter return pipeline will be
routed to the injection island as indicated in Table 3.5. All pipelines
will be completeiy insulated, will run above grade, in a concrete-lined
trench, and will be mounted On_s;eel pipe suppofts anchored in the

concrete.

3.7.2.6 Transmission lines

An existing Imperial Irrigation District (IID) 34.5 kV "VXW" trans-
mission line, wﬁiéh passes near the Heber plant site, could be "lboped
into" the plant's 34.5-kV switchyard. This would require the construction
of approximately one-half mile of double circuit, wood pole, 34.5 kV
transmission lines and the rebuilding of 14.0 km (8.7 miles) of IID's
"VXW" line to provide sufficient transmission capacity (SDG&E 1979).

The output of the power plant is expeéted to eventually tie into the

proposed major east-west transmission corridor crossing Impefial Valley
(Sect. 7.3.6), which is discussed in EIR 1978 and 1979 and also in SDG&E
1979. Impetfal County is currently preparing a separate assessment for

this proposed project.

3.7.2.7 Solid waste disposal

Solid wastes will be generated during drilling (Sect. 3.7.2.2),
plant construction (Seét. 3.7.2.3), power operation (Sécts. 3.7.2.3 and
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_Table 3.5. Pipeline specifications

Brine return  Production

Pi Y line parameters . .
) pe p' -+ . pipeline . pipeline

i .- .

Line size (OD), in. 30 24

-~ Length, ft 12,000 - " 400
Pipe material o a a
Wall thickness, in. 0.750  ~ 0.500°
Insulation | b b
Design temperature, °F 360 360
Governing piping code  ANSI B31.1 - ANSI B31.1

2ASTM A-185, KC70, Class 2. _
Fiberglass with aluminurr) weathercoat.

g e e sk e e w2
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3.7.2.4), and decommiSsioning activities (Sect. 3.7.2.9). Two sites for
solid waste disposal are presently being planned in Imperial County. A
private disposal company, IT Corporation, is proceeding with plans for a
class II-1 facility on a 259 ha (640 acre) land parcel they have purchased
near Westmorland. Thé'Imperial County Planning Commission approved a
zoning change on April 23, 1980, as a step toward developing the disposal
site.. IT Corporation anticipates having all permits in hand by August
1980 and to be operating by the end of that year (SDG&E letter, May 12,
19§0). Additionally, Imperial County is involved in developing a class
II-1 disposal site on land it is attempting to acquife from the Bureau
of Land Management through a land exchange. This site is 1.6 km (one
mile) from the IT Corporation site on Andre Road a feﬁ miles west of
Westmorland. Either of these facilitiés &ould be suitable for disposal
of any solid wastes produced as a result of project activities. However,
in the unlikely event that neither of these facilities materialize,
solid wastes will be disposed of by transporting them to an approved
solid waste disposaloarea such as existing sites in Riverside and Sah

Diego counties (SDGSE letter, May 12, 1980).

3.7.2.8 Accidents and safety

Although the potential for accidents, especially fire or explosion,
is great in any major industrial environment such as a power plant, the
potential for accidents at the proposed Heber project is increased by
the use of both the geothermal liquid and the supercritical hydrocarbon
working fluid (LBL 1979; Stull 1977). However, building the station
outdoors prevents the buildup of flammable or explosive gases and thus
decreases much of the hazard. Because design of the power plant is part
of the proposed action, sufficient detailed information is presently
unavailable for adequately evaluating the safety of the facility.

However, assessment of accident impact at the Raft.Rivef Pilot
Plant (U.S. DOE 1979b) indicated that if precautions are taken in the
storage and handling of the hydrocarbon working fluid, including exclusion

of ignition sources from the plant area, fire hazard should be greatly

reduced. For example, a mercaptan odorant added to the working fluid
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(SRS o

allows 1eaks to be detected at concentratlons that are 20% of the. lower :

flammability limit. Add;tlonally, if sufficient water
"capacity is provided for fighting fires (Sect. 3.7.2.
effective in cooling the fire in order to limit damage

spread (U S. DOE 1979b). A Pre11m1nary Safety Analys

storage and surge’

‘4) water can be

=3

and prevent its -

is Report will be

prepared -by SDG&E for- rev1ew by DOE subsequent to completlon of the

‘detalled design phase. of the prOJect and- the Final

Safety Analys1s

Report prepared by SDG&E for rev1ew by DOE will be completed prlor to

1n1tlat10n of plant operatlon

i
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" Well blowout

Because of the moderate temperature and normal hy
of the Heber geothermal resource (sect. 4.1.4), contail
There

a casing failure or blowout is very low because blos

fluids during dr1111ng»should not be difficult.

practices and casiug'prbgrams will conform to the r
recommendations of the California Division of 0il and
| In the unlikely event of a blowout, fluid would p
‘ S
Ds

;environment in a mixed phase of vapor and liquid.
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- magnitude of the blowout, and weather conditions at the|
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damage from the hot water to the general environment.
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by pouring water, mud
If this failed, drilling of a relief well which cou
weeks, would be required. Once the blowout is conta:
the accumulated brine would be necessary Prevention
a prime safety cons1derat10n Blowouts occur asvatr
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fallure, land sl1ppage, or seismic damage to the well bore. Because

’-numerous safety procedures have been developed and mandated by DOG,

blowouts are considered unlikely (EIR 1979). Inspectlon of 15 test well
. bores at the Heber anomaly has indicated no casing failure and l1tt1e‘

ev1dence of corrosion damage (Sect 3.7.2.2).

Another type of acc1dent that could adversely ‘affect the env1ron- .-'_'"”.

'ment is a spill of geothermal flulds The 0.46m (18 in. ) hlgh berm
‘surroundlng the plant 31te and each. productlon ‘and 1nJect10n island
'7;should contaln any leaks occurrlng on- those sites (Sect. 3.7:2. 2).

ffM1nor leaks from the plpellne outs1de the plant area would generally be

‘a,ontalned in the llned trench runnlng underneath the entire length of -

rihthe plpel1ne The trench is sloped to sumps for accumulatlon of flu1d

Thé 11ke11hood of a maJor p1pe11ne rupture 1s thought to be negllglble

‘Because flre protectlon w1ll be an essential 1ngred1ent of the

'ﬂkﬁpower plant des1gn, f1re protectlon fac111t1es will be reviewed and

'~'approved by local f1re author1t1es Add1t1onally, the f1re -water system -

*;hw’;l ‘be - des1gned in accordance ~with app11cab1e state and insurance
?ffstandards (Stafco 1978)  The cool1ng water storage ponds (Sect. 3 7 2. 4)

"'ffunctlon as a reserve for f1re fighting. A sulphate- res1stant

f?jconcrete pump p1t w111 prOV1de suff1C1ent water for all the. fire-water

rfpumps that W1ll be. mon1tored from the control room. Automatic startlng

'V.controls will be initiated by decreas1ng fire- water pressure. Deluge

asystems, activated: by h1gh local temperatures, will be 1nsta11ed in

hazardous areas.

Upset conditions

Two types of upset conditions will require safeguards to prevent
serious accident, loss of electrical power load, and loss of geothermal

fluid. Loss of load could cause a generator trip and the unit would be
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,separated from the gr1d In -order to protect personnel and equlpment, a

K _qulck closing emergency tr1p valve (suppl1ed by the turb1ne manufacturer)

fwlll provide quick shutoff’ of hydrocarbon flow to the turblne durlng_

’emergencies' ‘Relief‘valyes*and a flare system will be . designed'to o

ensure that hydrocarbon vapors will be diverted 1nto'the flare system
should rellef become necessary in order to prevent posglble rupture of

"conta1nment vessels. Vapors w1ll be ‘automatically 1gn1ted as they.

- emerge from the flare t1p Isobutane burns with an 1ntense but clean

flame, and the flare w1ll be designed to ensure that plant personnel and

.equipment are not endangered by the heat. Little env1ronmental 1mpact o

_should occur as a result of flarlng the hydrocarbon. }

' Loss of geothermal flu1d is a much less serious u%set cond1t10n
Z'The operator would have suff1c1ent time to take the‘plant off-line and
~ shut it down There probably would be no need to use the flare system

| Some health and safety considerations and poss1ble mltlgatlon
measures, especially appllcable to the construction andldrllllng crews,
are discussed in EIR 1979 These consist of exposure of workers to heat
and sun durlng the summer months, exposure to hydrogen sulfide (H,S)
during drilling and ventlng, and occurrence of acc1dents, fire, and
noise. M1t1gat10n of , heat stress cons1sts of arranglng work schedules
when ambient temperatures are milder, providing ample flulds and salt
tablets, and advising workers about the causes and preyent1on of heat
stress. Portable H,S detection equipment at the drilling sites will

allow appropriate steps to be taken to control H,S emissions.: However,:

the very low concentrations of H,S in the resource (0.18 ppm) andvthebﬂe”t

'f__fact'that it is a liquid-dominated source, suggest that the HZS'haaard'k'

" is minimal The preventlon of accidents, fire and n01se hazards will be
accompllshed by enforcing ‘worker safety regulations. N01se standardsfv

fiw1ll be met throughout constructlon and operat1on and protectlve ear

";coverlngs will be supplled to workers as requlred Approprlate Occupatlonal:..v,f‘

N Safety and Health Adm1n1strat10n (OSHA) regulatlons will be 1mplemented
rfto protect the health and safety of the workers '

L R S o I T o
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3.7.2.9 Restoration and reélamation

At the end of productlve 11fe, all fac111t1es W111 be dismantled
and removed; wells will be plugged and capped; slabs, paved area, pond
linings, and foundatlons (Wlth the exceptlon of the large turblne foundation)
will be removed _Materials not salvageable will be d1sposed of in an
approved waste d1sposal site. The compacted soil w111 be loosened and

_ the land W111 be cleared and graded for restoratlon to 1ts orlglnal use.
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4. DESCRIBIION OF THE AFFECTED ENVIRONMENT
=4.1. :GEOLOGY AND SOILS

, 4.1.1 Topography

"The entire Heber Known Geothermal Resource Area CKGRA) 1s located

~ in the nearly’ level and featureless Imperlal Valley The valley is

bordered by mounta1ns to "the southwest and northeast by the Salton Sea
and Coachella Valley to the northwest and by the Mex1ca11 Valley to the

h
; !

southeast
" The elevatlon in the geothermal overlay zone varies between sea
level at the extreme southeast corner and 5.7 m (19 ft) below sea level
at the northwest corner. f Elevation at the proposed power plant site is
1.8 m (6 ft) below sea level Average slope of the valley is 1.04 m/km
(5. 5 ft/mile) or approx1mately 0.1 deg to the northwest " The southwest
_ boundary of the overlay zone includes: a portion of the channel of the
"New River where the r1ver trench is almost 401.2 m (0. 25 mile) w1de ‘and

approxlmately 7.6 m (25 ft) deep (EIR 1978) 3“

)

4.1;2 Geologic:featuresg ! N V ;

The Imperial Valley is the middle portlon of the Salton Trough, the
landward extension of the Gulf of California. . A structural as well as a
topograph1c depreSS1on, the northwest- trendlng Salton Trough has. formed
as_a result of a complex combination of crustal spreadlng and transform .
faulting. . This activity has occurred from Miocene time to the present
and .is responsible for the current magnitude and frequency of seismic
activity and unusually h1gh subsurface: temperatures. ’

. To the north and south of the Salton Trough are |mountain ranges
composed primarily of Mesozolc and older igneous and metamorphic‘rocks
referred to as the basement complex. In the Salton Trough, the basement
. complex has been downthrown along a series. of northwest-trending, nearly
vertical, faults so ‘that it is now buried by clastic sediments reaching
a maximum thickness of 7010 m (23,000 ft.) The downward throw is the

minor component of fault movement; right lateral strike slip is the

3
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major component. Major faults in the Imperial Valley are indicated on
the geologic map, Fig. 4.1.

| Positive gravity values in the Imperial Valley, which are pronounced
in the geothermal areas, imply that the crust beneath the sediment
valley fill must be either thinner or denser than normal continental
crust, or both (EPRI 1976). These data support the theory that the
Salton Trough is a rift zone and a cfustal spreading center between two
tectonic plates.' The depth at which the top of the basement complex
occurs has been estimated by seismic refraction surveys to range Between
4570 m (15,000 ft) at the East Mesa KGRA to 7010 m (23,000 ft) at the
Heber KGRA (EIR 1979). ' '

Although rock outcrops along the edges of Imperial Valley have been
identified as belonging to specific stratigraphic units, it is impossible
téﬂcorrelate these with drilling results in thé center of the valley
(EIR 1978). Erosional remnants of early-to-middle Tertiary rocks (sedi-
mentary and volcanic) outcrop on top of the basement complex in the
mountains bounding the valley. Above these lies the'méfine, late Miocene
or - Pliocene Imperial Formation consisting. of siltsﬁone and sandstone
with lenses of oyster shells. To date, the Imperial Formation ha; not
been penetrated by drilling in the Imperial Valley. After»the Imperial
Formation was deposited, the Colorado River delta isolated. the Imperial
Valley from the Gulf of California, and predominantly terrestial sediments
filled the valley throughout the Quaternary and Late Pliocene. In a
typical facies sequence, coarse-grained sediments at the valley's edges
grade into fine-grained sediments at the_centér,, The primary source of
sediments was the Colorado River, especially in the south central portion
of the valley where the Heber project is located. Brackish lakes probably
occupied most of the valley during much of the Quaternary, the most
recent lake being Lake Cahuila, which existed in historic time. The
valley floor consists of Lake Cahuila deposits. On either side of these
deposits are low mesas of alluvium and pediments covered by alluvium.
Windblown sand deposits occur in the southeastern part of the valléy.
Most recently, flooding of the Colorado River from 1905 to 1907 broadened
and deepened the channels of the New and Alamo Rivers and formed the
Salton Sea. ‘
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wseiSmicallylactiye regions in the United States with a long history of
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Four informal rock units have been distinguished in the Heber area e ‘

"as a result of drilling. From the surface to an average depth of 107 m

(350 ft), unit D consists of poorly sorted, unconsolidated sand, and

gravel with an -equal thickness of clay. Unit C occurs between an average
depth of 107 m (350 ft) to 457 m (1500 ft) and consists of massive beds
of clay at the top, becoming shale at the base, interspersed with thinner
beds of sand and silt. The base of unit C constitutes a zone approximately
137 m (450 ft).thick,'which is continuous throughout the Heber anomaly.
Unit C forms a caprock preventing geothermal fluids from reaching the
surface and the shallow groundwater. '

'Unit B occurs at depths averaginglbetween 457 m (1500 ft) and 1372
m (4500 ft) It consists of massive sandstone beds with thin beds of
shale Unit ‘A occurs below unit B and is similar to it except that
low—level thermal metamorphism is taking place in unit A. It has been
estimated that 60% of units A and B is sand (EIR 1978). Permeability in
units A and B generally decreases with depth probably because of increased
compaction and hydrothermal alteration. Permeability results primarily
from intergranular porosity with fracture porosity becoming increasinglyb
important with depth. Permeability of sand intervals between 610 m
(2000 ft) and 1829 m (6000 ft) ranges between 75 and 818 m1111darc1es
(SDGSE 1979). Intru31ve sills and volcanic flows have been penetrated
during deep drilling (EIR 1978). e |

VGeologicvprocesses-remain:active in the Imperial Valley.' Earth-
quakes, other'seismic activity, subsidence,‘and nplift.are‘COnsidered in

the section on geologic hazards (Sect 4. 1.3), and features of the

,geothermal resource are . cons1dered 1n the section on Geologic Resources
- (Sect 4 1. 4) R S . - S

:4.1.3l Geologic~hazards :

The maJor ‘geologic . hazards in Imperial Valley are earthquakes and

”sub81dence, whereas other hazards such as floodlng, er031on, and slope_H

”1nstab111ty are much less 1mportant

The Imperial Valley and the surrounding area'is one of the most




i_ m/s (12 in/s) will not be exceeded durlng any 50 year
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major earthquakes

" than 5.9 or ep1centr1c 1nten51t1es greater than VI on!

Mercalll (MM) scale have occurred since 1900 in the Imp

B

As many as ten earthquakes W1th mag

o
i.

n1tudes.greater
the Modified

erial Valley or .

' nearby (Porcella and Mathlesen 1979; Friedman 1976; UlrlLk 1941)
Three of these had ep1centers within 20 km (32.9 mllesﬂ of the prOJecti

sites, and‘they caused extensive damage in the Heber vic

significantfof these was the May 1940 earthquake during

4.5 m (15 ft) of displacement occurred forming the trace

unknown Imperial Fault (Ulrich 1941).
the Imperial Valley occur. throughout the crust and the
sedimentary deposits (EPRI 1976).

two seismic events, both with magnitudes less than 3,

Focal depths of}
During twelve months|

Heber anomaly. There is"no surficial evidence of.fault

anlty The ‘most
bhich,as,much‘as
' of the previously
earthquakes 1n

base of the

=z =

of testing only
accurred in the

ing in the Heber

G-overlay zone, and there! 1s no evidence available to confirm the presence

or absence of subsurface faults

| earthquakes in Imperial Valley

Although surf1c1al rupture at the project site i

ground acceleration (shaklng) and ground failure are po

hazards that would result from a major earthquake which

project at some time during‘its development or operation.

approaches are used to estimate acceleratlon produced
Maximum cred1b1e rock acceleration at the prOJect site
‘to be approximately 4.9 m/s2 (0.5 g) by the.Callfornla
and-Geology (Greensfelder 1974). The prohability that

acceleration of 3.9 m/s2 (0.4g) and an effective peak

_ Figure 4.2 shows -the locat;on”of major

i
i

s improbable;

J 3 D4 . - v
tential significant .

could affect the a
" Several

by earthquakes;

has been estimated
Division of Mines

an effective peak

jvelocity of 0.3

period, assuming .

- f1rm ground is estlmated to be between 80 and 90 perc

ent (ATC 1978)

" Only minor instances of ground failure or liquefaction have occurred_

‘as a result of previous earthquakes in the Imperlal Va

lley However,

N potentlal for l1quefact10n exists at the project site due to the:presence

The
ficantly reduced by the abundant clay content of the

of saturated unconsolldated under1y1ng sedlments

‘provides: cohes1on The greatest potential for . ground

. |
factlon occurs along the channel of the New River where
.!

- gra1ned sand has been depos1ted.

hazard is S1gn1-

edlments, whlch

failure or lique-

fine- and medium-
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ﬁ Plant site I - Infensity

Major earthquakes and recently active faults. Source:

Association of Engineering Geologists 1973.
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Triangulation and leveling networks indicate that

Valley is undergoing both,vertical and horizontal.movemént.

%the Imperial
Although

, . : L . . s i . :
much of this movement is ‘associated with seismic eventf, some is a

result of aseismic creep,|

compaction, and other geologic processes.

This movement may be hazardous to the valley's preciselyileVeled irriga-

‘tion -system.

A precise triangulation net for the entire Imperial

of 18 benchmarks, has_beenfsurveyed periodically since 1

i
!

|Valley, consisting
931 by.the USGS.

Over a 20-year period that included the May 1940 earthqﬁ?ke, cumulative

right~lateral shear between the Peninsular Ranges and
Mountains amounted to 1.5 m (62 in.) (EIR 1978).
net to detect horizontal movement in the Heber area has
but no data from it are avallable yet.

Significant subsidence is occurring naturally in
Valley.
lines .has been established,
since 1972.

in.) in the southwest corner of the Imperial Valley to
(7.1 in) in the v1c1Q%ty pf the Salton Sea.

zone, the land surface subsided approximately 6 cm (2

&he Chocolate

A 10c4& triangulation:

ﬂeen established,

i

‘the Imperial

A regional network of first-order and second- ?rder leveling
and three levelings have bben completed
Referenced to a benchmark approx1mate1y SB km (32 miles) -

west of Heber, cumulatlve 'subsidence ranged from less than 4 cm (1.6

more than 18 cm '

At the Heber G-overlay

;4 in.). The

leveling surveys indicate ?'downward regional tilt of thF valley surface

from the Mexican border, northward to the Salton Sea (
Results of a levelinglsurvey completedﬂby Chevron for
concurred'with the regional trend (EIR 1978).

Geodetic control of the Imperial Valley is continua
Tiltmeters and extensometers are placed throﬁghout the v
marks are being added to the leveling'ahd triangulation

The potential hazards of erosion,. slope instabilit

Lofgren 1978).

the Heber area

1ly being improved.
alley and bench-

networks.

v, and flooding

are slight in the Heber area compared to those of seismicity and sub-

sidence. Because of the ﬂearly level topography and the
the soils in the Heber G-overlay zone, the potential for

wasting is insignificant éxcept for the steep banks of

clay content of =
erosion or mass

the New River

channel.

wind and water erosion as well as sliding are poss1ble

Along these’ banks, which consist of loose sanﬂ and silt,”Both

Flood hazafds

are limited to the area 1mmed1ate1y on either side of the New River as

shown in Appendix C.

e




4.1.4 Geologic resources

The geothermal resource is the outstanding grologic resource of
both the Imperial Valley and the Heber KGRA. The USGS estimates that
the potential for production of electricity from geothermal energy in
Imperial Valley exceeds 6000 MWe over a period of 30 year. of which 650
MWe could be produced from the Heber KGRA (Muffler 1979). 5

The pressure and temperature conditions of the geothermal resource
in :the Heber KGRA result in its being a convective, liquid-dominated .
hydrothermal system. . Water circulates through the thick section of -
clastic sediments as a result of its being heated from a source in the
mantle or deep in the crust.  The impermeable strata in unit C, described
in Sect. 4.1.2, limits heat transfer to the shallow subsurface. The
relative significance of both designated and nondesignated faults in
transferring heat and fluid is uncertain.

The - value of a specific geothermal resource is dependent on its:

different properties. These include:

1. the amount of fluid available and the ease with which it can be
withdrawn, o '
2. the amount of heat contained by the fluid and the rate at which it
~ is supplied, _ .
'3.° the chemical quality of the fluids.

N Permeabiliﬁy of the.sediménts in the Imperiél Vailey generally
decreases with distance frqm the mduntéins bounding the valley on'the
northeast and southwest and with distance from the Colorado River delta
system at the_séutheast end of the valléy. WhiieAthe Heber KGRA is
located in the center of the valley with respect to’the surrounding
mountains, it is relativgiy close to the Colorado River delta system.
The permeability and thickness of units A and B, described in Sect.
4.1.2, make the resoﬁfce in the Heber area attracﬁive in this respect.

Although basic features of both the shallow and geothermal-ground-
'wafer systems in ﬁhe Imperial Valley have been established, detailed
information about the flow regime in the Héber KGRA is scarce. Reéharge

mechanisms include the following: (1) subsurface and surficial drainage




‘ 61 o |
S - |
along the mountains, (2) leakage of unlined canals, (3) Colorado River
underflow, (4) 1nf11trat1on of 1rrlgat10n water, and- (5) infiltration of
precipitation. From the t1me the Imperial Valley was 1solated from the

Gulf of California, the Colorado River has been the prlmary source of

’groundwater recharge in both the shallow and geothermal aquifers.

Presently,*the ‘Colorado R1ver recharges groundwater . 1n the Imper1a1

Valley by means of underflow, leakage of unlined canals and drains, and
infiltration of 1rr1gat1on waters. A significant, although not major,
amount of recharge 1s supplled by subsurface and surf1c1a1 dralnage of

the surrounding mounta1ns, but only a negllg1b1e amount is supplied by

- direct infiltration of prec1p1tat10n It is estimated] that 61% of the
. groundwater in the central part of the valley or1g1nated from the Colorado

- River; however, in the Heber KGRA the percentage is probably even greater

because of the relative prox1m1ty to the Colorado River, and its ancient

delta. 'i 4

Presently, annual recharge to both the shallow and geothermal

1
K
{
4

aqulfers in the ent1re Imperlal Valley is estimated to be 0.49 km3
(400,000 acre- ft) (EIR 1979) It is assumed that the amount of recharge

. is approx1mate1y equal to the amount of d1scharge, 1‘e the entire

amount of recharge 1s dlscharged either to the system of surface drains,
to the Salton Sea, or by means of evaporat1on and evapotransp1rat1on
There are no springs in’ the Heber area. The amount of,water available -
in the Heber anomaly between 3657 m (12, 000 ft) and 30108 m (10,000 ft)
1s approximately 17 km3 (14 x 108 acre-ft) Because Chevron intends to
1n3ect 100% of w1thdrawn’water back into the geothermal aquifer, the -
project will not deplete the availability of groundwater presently
dequate for long-term geothermal development

Groundwater in the Imper1al Valley flows from the Colorado R1ver
northwest to the Salton Sea and from the surround1ng mountain towards
the center of the valley This flow regime 1s probably altered in
geothermal anomalles such as the Heber KGRA by the formation of ‘convec-
tion cells in- the geothermal aquifer as illustrated schematlcally in
Fig. 4 3. Strat1graph1cland structural complex1ty further comp11cate
groundwater movement Faults and clay, silt or shale strata may act as

aquicludes or aqu1tards The hydraul1c gradlent ‘of the geothermal
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" KGRA makes it very sultable for geothermal development

ﬁaquifer has not been dete}mined howeuer in the Heber KGRA it probably

slightly exceeds the hydrostatlc grad1ent of 10 kPa/m (0.435 p51/ft)

- Temperatures within the geothermal aqulfer in the Heber KGRA' range
between 164°C (325°F) and - 182°C (360°F) making it a moderate temperature
resource (Dutcher et al. 1972) The highest temperatuges are found at
the center of the anomaly where SDGSE has proposed locatlng the binary
power plant. The temperature of the resource depends on the rate at
which heat is being w1thdrawn, the rate of f1u1d recharge, and the rate
at wh1ch héat is being suppl1ed Because the Salton Trough is an active
crustal spreadlng center, heat is being supplied to- the geothermal
aquifer at a significant but uncertain rate as ev1denced by high heat
flow measurements. Based on’ Chevron s analys1s the reserv01r is capable
of supplying the heat requlred by the demonstration prOJect for 1ts
proposed life (SDG&E 1979) _ | | f . . ‘

The quality of the deeper, geothermal groundwater in the?Imperial '
Valley deteriorates from the southeast,to the northwest and from the' '
margins towards the center of the valley Therefore, the . quality of .
groundwater in the geothermal aquifer at the Heber KGRA is relatlvely
good as shown in Table 4. l Total dissolved solids below 610 m (2000 ft)
range from- 11,800 to 19, 000 ppm and are mostly from 1? 000 ‘to 16 000

ppm. The water is predomlnantly a NaCl type with ca1c1um as the third
most important const1tuent HZS has been measured at levels of approx1-
mately 0.2 ppm by welght (EIR 1978). Var1at1ons in water quallty 1n the =~
Heber KGRA probably result from local and up- gradlent d1fferences in
lithology of the aquifer.: Water .quality does not necessar11y deter10rate>

with depth. The moderate quality of the geothermal water in the Heber

Although 51gn1f1cant geologlc resources,‘includ11g constructlon \
materials and precious metals, are, found 1n Imperial County they do not
occur in the Heber KGRA. The minerals. present in the |[geothermal water
of the Heber anomaly are not present in great enough quant1t1es to be

economically valuable, under present market conditions jor in the forseeable

future.
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Table 4.1. Chemical quality of water, Heber Geothermal Re;ervoir,
Imperial Valley, California '

Parameter? Nowlin 12 Holtz 1 Holtz 2 C. B. Jackson 1 J. D. Jackson 1
Total )
Dissolved 14,100 13,168 16,330 15430 15,275
Solids . .
(TDS)
sio, 120 268 187 267 268
Li 6.6 , 4 4.1 2.8 34
Na 3,600 '5,500 4,720 4,688 4,563
K 360 . 220 231 181 197
Ca 880 1,062 1,062 891 : 781
Mg 24 Y 23 o 4.7 3.8
cl- 9,000 7,420 8,242 -~ 8320 8,076
S0, 100 100 148 152 " 150
CO, 4
HCO, 20 : a
F 16 . 1.7 1.5 0.9 - 0.6
B . 4.8 .41 8 4.8 . " 52
Fe 0.9 15 5 20 10
Mn . 0.9 0.9 .13 1.9
Pb 0.1 1.6 0.6 0.6 - 0.9
Zn 0.68 03 0.1 04 0.5 -
Cu” © 0.2 0.5 0.4 0.4 : 0.4
Ba 6 3 3 .3
Sr 37- 42 32 3% -
Al T 0.04 15 . .12 - 0.5 18
Ag ,
Lt 4 o .
pH 7.1 ‘ 7.4 5.8 6.5

FExcept pH, all parameters are in parts per million.

b L ocation of wells:

C.B. JACKSON { -

HOLTZ 2 0J.D. JACKSON {

o o
HOLTZ{  NOWLIN {
: | o
: _ PLANT SITE
o -
— |V
km »

] ‘Source: Geotechnical Environmental Aspects of Geothermal Power Generation at Heber,
Imperial Valley, California, EPRI 299, Electric Power Research Institute, 1976.




.shallow groundwater system Unit C described in Sect.

water and canal leakage are the maJor sources of rech

-groundwater is d1scharged by two processes -An undeteJ

.use within 1. 6 km (l m1le) of the Heber KGRA (Geonomics

'nearest the plant s1te for wh1ch hydraullc 1nformat1on

of 23 m2/day (1.3 gpm/ft), and "a transm1ss1v1ty of 2]

_-of most of the central part of the valley, whlch con31s
_lake bed deposits at shallow depths The low values co

“one to -two .orders of magn1tude greater on the sides ¢
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4.1.5 Groundwater ) )

Groundwater in the Imperlal Valley is plent1fu1
generally poor quality 11m1ts it use. Because Sect. 4.1.

features of the,geothermal aquifer, this section conce

;however, its
4 describes the
ntrates on the ‘
4.1.2 probably

acts as an aquiclude between shallow groundwater and deeper geothermal

fluids. Shallow groundwater in the Heber area is recha:

same. way as the deep, geothermal fluids are. Infiltrati

d1scharged 1nto the Salton Sea, either. d1rectly by unde’
return to the extensive. surf1c1al hydrologlc system o
1nc1udes the New and. Alamo Rivers. The remainder is dj
atmosphere by means. of evaporat1on and evapotransp1rat1
program of placing dra1n tiles beneath 1rr1gated field
enhances the d1scharge of‘groundwater to the surficial

As of 1978 no wells| were known to ex1st for domes

h

rged in much the

on of 1rr1gat10n
arge. Shallow
*mined amount is =
rflow,'or by its -

|f drains that
Lscharged to the

on. The ongoing

s . 1ncreas1ngly
dra1nagevsystem,_
tic. or’agricultural' ;
1978). The well -

=x1sts is located

approx1mate1y 11 km (7 mlles) east-southeast of the® proposed plant 51te

!
Testing of an 1nterval from 34 m (110 ft) to 137 m (45
land surface resulted: in‘a yield 5. 1 l/s (90 gpm)

0 ft) below_the:

specific capacity

m?/day “(1700 '

gpd/ft) (Loeltz ‘et al. 1975) These low ‘values are pro:ably representatlve'.

ts of fine- gra1ned
ntrast w1th those
f the valley

L1ke the groundwater in the geothermal aqulfer, shallow groundwater

flows toward the center of the Imper1a1 Valley and toward the northwest.

In the vicinity of the plant 31te, shallow groundwater may flow west

.towards the New River. The groundwater table generally is parallel to

the surface and at a shallow depth. At the proposed phwer plant site,

the average water table level is 1.5 m (4.8 ft) below 1

and surface, and

the water table level: var1es 0.4m (1.2 ft) because of arrlgatlon pract1ces.
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Locally high or perched water tables frequently occur within 0.45 m (1.5 .
ft) of the surface during‘heavy irrigation.(EIR 1978).

Four analyses of groundwater in the Heber area are shown in Table
4.2. The analyses indicate a NaCl water with lesser amounts of sulfate,
calcium, magnesium, and bicarbonate. Most minor constituents were not
analyzed. Total dissolved solids (TDS) range from 4920 to 9540 ppm, and
salinity increases to the weétrand the northwest in the area (Geonomics
1975). Interpolating the analyses, groﬁndwater at an approximate depth
of 46 m (150 ft) beneath the surface at the power plant site is estimated
to have a TDS of 7200 ppm. Salinity of shallow groundwater is increasing
as a result of leaching of agricultural soils and extensively used

fertilizers.

4.1.6 Soils

.Soils present within and adjaceﬁt to the Heber geothermal overlay
zone consist primarily of Imperial-Glenbar association (wet), Imperial
(wet) and Holtville (wet) soils as shown in Appendix I. These soils
occur on alluvial basin floors having élopes less than 2%. In this
portion of the Central Valley, the soils are developed from lake bed
sediments of mixed origin, combining deposits of Colorado River and
mountain margin sources originally deposited in Lake Cahuila. The soils
have been -historically modified by the addition of silt from the early
use of Colorado River water that had not been desilted prior to 1938.
Soil modification has also resulted from the practice of soil leaching.

Generally, the surface layer of soil in the Heber G-overlay zone
consists of pinkish gray to light brown éilty clay and silty clay loam
to a depth of 33 em (13 in.). A deepér layer consists of more silty
clay and siltyAclay loam strétified with sandy clay loam, clay loam, and
occasionally silt loam and loamy finé sand to a depth of between 1.5 m
(60 in.) and 1.8 m (72 in.). Available water capacity ranges between 20
cm (8 in.) and 25 cm (10 in.). The éoil is generally alkaline, calcareous,
and often gypsiferous (EIR 1978). » )

Slow permeability, slow runoff, high content of montmorillonite and

other clays, high water tables, and'high salinity of the soil cause low '

|
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N

Table 4.2. Chemigel ;anal;yses of water from q_ongeothermal wells? in ?:nd within
1.6 km (1 mile) of Heber Known Geothermal Resource Are:gf ©

Values given are in mg/L unless otherwise indicated

Parameter .

~Map No. and date :

297 309 400 401 [403 404 406
(7/62) ~ (7/62)  1/62)  (3/62)  4/58) (1/62)  (1/62)

Temperature, °C
pH .
Specific conductance, umho

Total dissolved solids (TDS) (sum) “

Ca
Mg
Na

K
HCQ,
SO,
o]

!
26.7 26.7 . ' i .
'7.3 7.4 7.9 77 ¢ 18 7.5

16,600 16,100 11,000 8,350 8,500 8,890 4,800

9,540 9,410 . 6,980 4,920 5,61 o 5410 3,020

362 376 448 1768 1253 ~ 244 103
211 214 261 - 122|143 1161 48
3,020 29200 - 1,720 1,480° 1541  1,530° 953°
¢ c ¢ e 19 o c
45 267 304 199|299 257 198
175 400 1,350 800 1,450 850 538
5,750 5350 3,040 2240 2,040 2,490 1,280

4 Location of welis:

Colifornia
Mexico

bNa + K value.
¢Not analyzed.

E;jji o 5
EL CENTRO b 3

0297 0309

[

g

y
!

km ‘ .

| - N
| PLANT SITE o

" CALEXICO 403 406
(o)

“a00 401 404

Source; Geothermal Environmental Impact Assessment, Subsurface Environmental Assessment for Four

Geothermal Systems, EPA 600/7-78-207, Geonomics, Inc., 1978.

[ S
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bearing strengths, high shrink-swell characteristics and corroéivity.
Erosion hazard is slight. Much of the soil in the Heber G-overlay zone
is classified as prime farmland, signifying that it is considered
especially productive cropland by the U.S. Department of Agriculture,
Soil Conservation Service (Fig. 4.4 and Appendix I). -

4.2 LAND USE

The project area (Fig. 3. 1) is about 2.3 km (1.4 miles) south of
the unlncorporated -community of Heber, ‘and 6. 4 km (4 m11es) south of El
Centro, California. Land uses outside of these settled areas‘:are chiefly
.agricultural with only scattered residences and commertial/industrial
facilities. The prevalent farming act1v1t1es are served by the Imperial
Irrigation D1str1ct (IID) through an extensive system of canals supplied
with water from the Colorado River. The U.S. Soil Conservation Service
has designated the'prbject area as brime farmland (Fig. 4.4 and Appendix

I).

4.2.1 Zoning and community plans

Réflecting historic trends in land use, the project area is zoned
for agriculturé or related residences and industries. The privately
owned project area is under the regulatory and administrativé'jurisdic-
tion of Imperial County. A special zone allowing development of the
_ gébthermal fieid has been approved by the County in support of local

plans for the area.

4.2.2 Regional and state plans

The General Plan of Imperial County includes policies promoting the
proposed action at the Heber geothermal field. Areawide plans developed
for this region by the Southern California Association of Govérnments
are generally based'upon local and couhty plans.

In addition, County regulations specify procedures for geothermal
development. Floodplain regulations will not pertaiﬁ, as the nearest

floodplain is along the New River, south of the project area.
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4.3 SURFACE WATER

4.3.1 Hydrology

The Heber project area lies within the 22,000-km? (8400-sq mile)
Salton Sea watershed (Fig. 4.5). The watershed area includes the Imperial
and Coachella Valleys in California, as well as the Mexicali Valley in
Me#ico. The Salton Sea, California's largest inland water body, measures
970 km? (375 sq miles) 'in area and is located in the northwestern corner
of the Imperial Valley at an elevation of 70 m (230 ft) below sea level.

The Imperial Irrigation District maintains an elabofate canal
system that distributes approximately 3.7 x 10° m® (8 millidn~acfe-ft)it
of Colorado River water via the All-American Canal to agriCultﬁfai
supply canals throughout the_Impéria14Valley (IID 1977). A detailed
description of the irrigationyand drainage sysﬁems can be found in EIR :
19781and EIR 1979. The drains méiﬁtain a favorable salt baiancé in the
irrigated lands by carrying away the salt-laden drainage wate;. The mean
elevational gradient, ‘on which ImperiaI'Valley irrigation'is;based, is
1.3 m/km (7 ft/mile)? This extends from Heber, 1.5 to 6 m (5 to 20 ft)
below sea level, to the Salton Sea, 70 m (230 ft) below sea 1eve1.

The New and Alamo Rivers, originating in Mexico, carry approximately
90% of the surface flow from the Imperial Valley northward into the.
Salton Sea. Flow of both rivers is comprised of agricultural runoff and
seepage as well as industrial and municipalvwastes, treated andiuntreated,
from,a number of communities in California and Mexico (Swajian 1977).

“As a result of agricultural drainage input, flow of the New River increases
from 136 million m3® (160,000 acre-ft) per year at the Mexican border to
550 million m3® (450,000 acre-ft) per year at the Salton Sea (EPRI 1976).

Near the Heber area, the New River flows through a chasm 12 m
(40 ft) deep by 457 m (1500 ft) wide created by the 1905 flood. Minimum
discharge of .the river was 2.7 m3/s (95 cfs) in September 1956. Maximum
discharge, not including the 1905 flood, was 34 m3/s (1200 cfs) in
September 1963. The flow capaéity of the New River has been estimated
to be 3170 m3/s (112,000 cfs), which is over 1000 times the minimum flow
values and far exceeds flood flows anficipated by local agencies (EPRI
1976). '
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At its nearest point, the Alamo River is approximately 16 km. (10 |
miles) east of the project site. Agricultural drainage in the Heber
area is toward the Alamo River via the Central Drain despite the proximity
of Heber to the New River [2.4 km (1.5 miles)] (Twogood 1977). The flow
of the New River at the Mexican border is 100 times greater than that of
the Alamo River, although the flow of the Alamd River at the inlet to
the Salton Sea is 30% greater than that of the New River because of the

more extensive agricultural drainage input.

4.3.2 Water quality

Surface water quaiity in the Imperial Valley can generally be
described as poor but adequate for agriculture with continual, remedial
control (leaching and water table control). Increasing salinity of
importéd Colorado River water is of particular concern for the Imperial:
Valley. Prior to 1955, Colorado River water diverted to the Imperial
Valley had a total dissolved solids concentration of about 735 ppm (1.0
ton/acre-ft). By 1977, TDS levels were about 863 ppm (1.19 tons/acre-ft)
(Twogood 1977), and are projected to be 1340 ppm (1.82 tohs/acre-ft) by
2000 (IID no date). Typical agricultural drainage water shows a five-fold
increase in TDS levels from 1052 ppm in the entering irrigation flow to
5136 ppm in the drainage discharge after it passes throughvthe soil
(Table 4.3) (Nyholm and Anspaugh 1977). |

Water quality of the New and Alamo Rivers is poor (see Sect. 4.3.1).
Water in the New River has TDS levels approaching'SOOO ppm, has a high |
degree of'mineralizatipn, and is similar to agricultufal drainage'water,'
except for the higher concentratidn of‘mégnesium. ‘Irrigation water
qualify limits are exceeded by molybdenum (U.S. DOE 1979) lComparisons:
of New River water quality parameters with irrigation and drinking water
standards are presented.in.Table 4.4. A _ '

- The New River at the ihternational border has extremely low dis-
solved'oxjgenrlevels'and very high coliform counts. Temperatures of the
_river average about 22;8°Cr(73°F) with méximum temperatures exceediﬁg -
" 32°C (90°F) (EPRI 1976). Since the Heber project area is only 8 km 5
miles) from the border, physicochemical constituents and river flows
near the site should be similar to those at the border (EiR’1978).
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Table 4.3. Chemical composition of the water supply and drainage
‘ of Imperial Valley, California

Concentration !

. Ii’rigation water Agricultural drain‘é\ge water?

Parameter "
mg/L % Total dissolved mg/L % Total dissolved
{ppm) . solids (TDS) (ppm) s!{)lids (TDS)
: -
Na 215, 20.4 1,070. 208 .
K 7.5 0.71 15. + 0.29
Ca 102. 9.7 385. 115
Mg 22. 2.1 152, | 2.96
Li 0.1 0.0095 0.3 1 0.0058
(o] 200. 19.0 1,245. ?4.2
co, 16.4 1.56 2.3  0.05
HCO, 140. 133 307. i 6.0
SO, 335. 31.8 1,833. |35.7
NO, 02 0.02 83" i 0.16
NH, 0.03 0.003 0.03 ¥ 0.0006
B 0.32 0.03 0.97 ' 0.019
' F 0.35 0.033 0.15 0.003
As 0.002. 0.0002 0.004 0.00008
Ba 0.10 | 0.0095 0.10 i 0.002
cd - 0.0005 0.00005 0.0005 | 0.00001
Co 0.005 0.0005 0.010 0.0002
- Cu 0.002: 0.0002 0.002 0.0023
Fe 0.03 - 0.003 0.09 0.018
Hg 0.0014 0.00013 0.0044 1 0.000086 -
Mn ‘0.01 0.00095 0.33 0.0064
" Ni 0.005 0.0005 0.005 0.0001
Pb 0.004 0.0004 0.008 0.00016
. Rb 0.02 0.0002 0.02 .0.0004
Se - .0.001, 0.000095 0.0010 0.00002
sr — — P, —_
Zn - 0.010 0.00095 0.015 0.0003
TS - - 1082, 5,136.
Specific umho/cm ' .
conductance,.at 25°C 1,650. , 6.700. .
Temperature, °C 18.3 21.5
CpH 8.2 . . 7.5
v"VaiI 4 Drain, Gentry at Foss Road,-(T11SR13E-3N), Sampled 2/25/76 {LLL).
Source: Nyholm 1977. . )




. Table 4.4. Selected water quallty parameters for the New Rlver
in the leasehold area (1966—67)

Drmkmg water standards and recommended |rr|gat|on water limits
' are given for comparison

o U.S. Environmental . U.S. Environmental ~
: - : Measured concentration -~ Protection Agency. Protection Agency
Parameter - e a : sy . L.
- . ] (mg/L) - drinking water irrigation water
' standard (mg/L) . limit (mg/L)?

A 07 5
Ba ' 0.4 1€ '
B : : 0.28 4 : -0.75
Chloride ' _ 1144 2509 _
Cr .. <0.001 0.05°¢ - 0.10
Cu , 0.004 19 0.20 .
Fluoride - , 0.7 : 1.4%¢ 1.0
Hardness (as CaCO;) - 1020 .
Fe " 0.02 0.3 5.0
Pb . <0.001 o 0.05°¢ "5.0
Mn 0.003 : 0.057 0.20
Mo a - 0.022 _ 0.010
Ni : 0.002 ) . 0.020
Nitrate 14 10¢
Sulfate 798 - 2507
Total dissolved solids (TDS) 3473-3990 5007
v 0.005 0.10
Zn 0.025 , 59 2.0

aCalifornia Department of Water Resources, Geothermal Wastes and the Water Resources of the Salton Sea Area,
Bulletin No. 143-7, State of California, The Resources Agency, Sacramento, 1970. '

by.S. Environmental Protection Agency, Water Ouallty Criteria 1972, Ecological Research Series, EPA-
R3-73-033, 1973. .

€U.S. Environmental Protectlon Agency, National Interim Primary Dnnklng Water Regulations, Fed. Regist. .
40(248) (1975).

dy.S. Environmental Protection Agency, Nat/ona/ Secondary Drmk/ng Water Regu/at/ons Proposed Regulations,
Fed. Regist. 42(62) (1977).

€Based on an estimated average daily maximum air temperature exceeding 27°C (80 F).

Source: Westmorland Environmental Assessment, 1979.




75:

The Salton Sea serves as.a drainage sink for agr1cultura1 municipal
and industrial waste dlscharges, and surface runoff ' As a. result of
these 1nputs and the h1gh IDS (greater than 35, 000 ppm), Salton Sea
water is unfit for domestlc or agricultural use (EPRI 1976) The salinity
of the Salton Sea is 1ncreaS1ng at an annual rate of 500 ppm, primarily
as the result of 4 1 m1111on metric tons of salt from agricultural
"~ drainage enterlng the sea each year. The Ca11forn1a‘Reglonal,Water
'Quality Board (CRWQCB 1975) estimates that, if the cdrrent inflow of )

. drainage .water to the Salton Sea ceased, evaporation alone would result

in an 1ncrease of 7600 ppm TDS within one yeéar. Dralnage to the Sea

© will be ‘reduced by 3.7 X 108 m3 (300,000 acre-ft) per year as a result

- of water conservatlon practlces being initiated by IID . (CWRCB 1979). In
order to slow the rate of salinization, the evaporatlon loss must be
offset by drainage water 1nf10w

Lawrence L1vermore Laboratory studles, funded by DOE were conducted
to determine baseline levels of water quality and to evalutate and
pred1ct the impact of geothermal development on wateq quality in the
-valley . (CWRCB 1979; Crow;and Pimentel 1976). Only data for temperature,
pH,  and electr1ca1 conductlvlty are ava11ab1e to date (Crow and leentel

1976; P1mentel 1980)

E

4.3.3 Water use and . r1ghts

The Imperial Valley?atquired appropriation rightséto water'from the
Colorado River in 1901. :The IID governs water use and!allocation within
the valley. Their system of canals, drains, outlets, and laterals
provides irrigation and dralnage for approximately 200 000 ha (500 000
acres) of farmland. An annual average of 3.7 X 10° m3 (2.95 x 108
acre- ft) of Colorado R1ver water was imported into thezvalley from 1974
‘to 1976 via the IID system (IID 1977). A summary of DgD water use from
1954 to 1976 is contalned in Table 4.5. This water |is a share of
California's 6.622 X 109 m3/year (5.362 x 10% acre- ft/year) allotment of
Colorado River water, as '~ determined by the 1931 "SeveJ-Party Agreement"
(see IID 1977 and EIR 1978 for complete water-right d1scuss1on) 0f the
IID allotment, mun1C1pa1jand industrial consumption accounts for approxi-

mately 1% [3.1 x 107 m3 tZS,OOO acre-ft)] of the total volume.
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Table 4.5. Water usage in dn Imperial Irrigation District, 1954 — 1976

Total quantity of  Total operational ‘ . Water delivered
.- Total acreage N Total quantity of
. water diverted loss, canal loss, N . Net acre-ft per - per acre plus
Calendar yeor irvigated for from Colorado  and unaccounted w:‘t:::::re;e:)to acre delivered Rainfall (ft) rainfall during
vear River (acre-ft) for (acre-ft) ’ I season (ft)

1954 451,567 3,005,783 1,131,972 1,963,811 4.34 0.07 4.9
1965 . 473,900 2,927,165 966,091 1,961,074 4.14 0.21 4,35
1956 481,661 2,908,746 894,686 2,012,060 4.18 - 0.01 4.19
1957 493,828 2,781,792 832,636 1,949,156 3.95 0.28 4.23
1968 . 496,722 2,730,876 789,994 " 1,940,882 3.92 :0.23 4.16
1969 440,083 2,840,173 794,719 2,045,454 4,65 0.16 4,81
1960 434,179 2,983,860 805,747 . ©. 2,178,113 6.02 0.1 6.17
1961 ) 435,389 2,957,200 761,626 2,915,675 5.04 0.16 6.20
1062 429,318 2,951,266 721,275 2,223,991 6.18" 0.15 6.33
1963 ' 430,222 2,901,429 706,763 2,284,666 6.31 0.20 6.51
wea' _ ; 431,451 2,770,474 371,781 2,398,693 556 0.08 6.64
1965 ‘ 432,491 2,624,363 312,397 2,311,966 635 <027 5.862
1966 . 433,775 2,817,812 347,644 2,470,268 6.69 .. 013 5.82
1867 445,428 2,718,861 364,482 | 2,365,379 . .31 0.35 5.66
1968 . 441,166 2,806,124 330,299 2,475,826 6.61 . 017 6.78
1969 442,204 2,675,833 324,265 2,351,678 5.32 0.29 5.61
1970 . 437,336 2,754,898 336,459 2,418,439 5.53 0.14 5.87
1971 441,783 2,883,960 349,361 2,634,599 6.74 S ot 6.86
1972 , 444,393 2,848,613 316,270 2,531,343 670 0.18 5.88
1973 444,309 2,058,013 285,700 2,670,313 6.01 on 6.12
1974 460,038 3,072,327 295,108 2,777,221 6.17 0.17 6.34
1975 i 456,174 3,001,207 207,601 2,703,708 683 0.10 6.03
1976 : 458,131 2,783,630 268,365 . 2,616,266 6.49 - 0.42 501

Totsl o 10,325,807 65,879,505 12,600,028 ~ 83,279477 119.14 4.14 123.28

Average 448,939 2,864,326 647,827 2,316,499 518 ‘018 6.38

Source: 11D 1676.
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With completion‘qf the Central Arizona Project in 1980, the IID
: A ‘ o { '
allotment will probably be reduced to 3.2 X 10° m3/year (2.6 X 108
aere-ft/year), which reshlts entirely from the third¥priorityrwater
right (Swajian 1977). The 1rr1gat1on loss resu1t1ng from decreased

importation of Colorado R1ver water may be offset to‘some extent by

lining additional canals w1th concrete to reduce water loss through
canal sides and bottom However, with. 1ncre351ng sa11n1ty .of the irrigation
water, the; amount of water needed for salt leachlng 1ncreases proportionally.
- In the Heber area the pr1mary land use is. agr1cultura1 The. water
consumptlon rate. for these lands was estimated to be 4900 to 7400 m3 (4
to 6 acre-ft) of water per 0.4 ha (1 acre) of land per|year (EIR 1978).
For the 2957-ha (7320 acre) Heber overlay zone, water usage is approx1mate1y
4.3 x 107 m3(35,000 acre- ft) annually (EIR 1978) §; o
, Agr1cultural dralnage to the Salton Sea is eng1neered to an eleva-
tion of 70 8 m (233 ft) below sea: level Since 1960, water level of the
sea has risen to the point that dur1ng rainfall periods elevatlons may
reach 69 7m (228.65 ft) below sea level, an 1ncreased elevatlon of .
1.5m (5 ft). The rise 1n ‘water level- inundates recreat10nal develop-

ments and sea marsh hab1tat (Anspaugh et al. 1976). Prior to construction

of dikes, agrlcultural lands to the north were also 1nundated (Layton

1978). . . si _ S “

The following benef1c1al uses are 11sted in the R1ver Bas1n plan

k

(CRWQCB 1975) as reasons for protecting the New and Alamo Rivers and the
IID water-supply canals. '

1. noncontact water-related recreation like picnicking, sunbathing,
hiking, beachcombingp camping, pleasure boating;

2, agricultural uses including crop, orchard, and pasture'irrigation
as well as, stock waterlng and other farming and ranching support
needs; P -

3. uses related to warm, freshwater habitats — sustaining aquatic
resources assoc1ated with warm-water environments provlding wild-

life habitats and habltat support;

4. freshwater replenlshment of inland lakes and streams (SwaJlan 1977;
Nyholm and Anspaugh 1977) : ' '

!
4

The IID dralns are cons1dered in need of protect1on only for warm-water
habitat, wildlife and’ freshwater replenlshment j! ' ;
i

[
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The Salton Sea was designated by the Regional Water Quality Control
Board to receive agricultural wastes and seepage water from irrigated
lands (Swajian 1977). The area was designated a recreational area by
the State Department of Parks and Recreation in 1962 (McDaniel 1980),
and portions of it were made a wildlife refuge by the U.S. Fish and
Wildlife Service &n 1960 (U.S. Bureau of Sport Fisheries and  Wildlife
1971). '

4.3.4 WRC Assessment

*  The U. S. Waﬁer Resources Council, in compliance with provisions of
Section'13(b) of &he Federal Nonnuclear Energy Research and ngelopment
Act of 1974, preﬁared the Water Assessment Report for the Heber biﬁary
demonstration plaht (Fed. Register 1980). This report is an assessment
of water requireéents;and water supply availability for the proposed
binary project. ;findings of the report were as follows:
1. The projectvwoﬁld require approximately 7.4 x 10°m® (6,000 acre-ft)

water per year for cooling system makeup and plant operations;

2. The project will utilize geothermal fluids at a rate of 2.2 x 107m3/yr
(18,000 acre-ft/yr) to provide heat energy with spent fluid being

reinjected at peripheral wells; and

3. The project will induce modest population growth with accompanying
increases in municipal water requirements of 3.7 x 104m3/yr (30

‘acre~ft/yr).

)

’

These findings concur with those presented in this éssessment.
4.4 ECOLOGY

The biological setting of the Imperial Valley is dominated by
intensive agriculture. Most of the original natural biotic communities
have been replaced or severely altered by agricultural and'urbaﬁ uses.
The Salton Sea,'located'about 40 km (25 miles) north of the overlay

zone, is the most important biological habitat in the region. The Sea
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supports a sport fishery,fand its associated wildlife r

wintering habitats for large concentrations of.waterfow.

In the central Imperial Valley, wildlife habitat is res
bands of natural vegetation along the New and Alamo riv

© major irrigation canals.

efuges are important
| and shorebirds.
tricted to narrow '

ers and along‘the

. The 1rr1gat10n system also supports a variety

1
of . aquatic,life, 1nc1ud1ng a warm-water sport fishery (Layton. and Ermak

- 1976; Shinn 1976; SDGSE 1977 U.S. DOE 1977; U.S. DOE.
-1979b).

4.4.1 Terrestrial ecologﬁ
4.4.1.1 Vegetation

Most of the Imperial}Valley originally supported t

bush plant community, described by Munz and Keck (1973)

of widely scattered perennial shrubs dominated by creos
tridentata). Although the creosote bush community rema
vated ﬁargins of the:ﬁalﬁey floor, agricultural activit
most of this natine desert Vegetation from the central

Remaining natural vegetation in the central Valley is 1

floodpiains of the New add Alamo rivers and consists of

species and an alkalai sink community of salt-tolerant
. Keck 1973) Vegetatlve cover is densest near the strea
1zed by perennial. shrubs, forbs

Near the Salton . Sea, the deltas of the New a

grasses, sedges, and
vplants
support large fresh water marshes with dense .stands of
plants. The alkalai 51nk commun1ty occurs in poorly

areas around theuperiﬁeter of the sea. Within the cult

1979a; U.S. DOE

he native creosote

, which'consists
ote bushes (Larrea
ins on the unculti-
ies have removed
Imperial Valley.
estricted to the
desert riparian
plants (Munz and

ms and is character-
rooted aquatic

nd Alamo rivers
rooted aquatic
drained,'saline

ivated portion of

the Valley, grasses, forbs, and- annuals grow - in dlsturbed areas along

roads and 1rrlgat1on canals

Almost all of the 2963 ha (7320- acre) overlay zo
under cultivation. All of the sites for the proposed
well pads, including those for the binary demonstratic
agricultural land. Natural vegetatlon within the ov

restricted to the extreme southwest section, along the

1e 1S presently
power plants and

n plant, are on
L] .

erlay zone is

New River (Fig.

4.6). Some of thlS r1par1an habitat has been dlsturd
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.veh1cles and a recent f1re which occurred after completlon of the

‘ b1010g1ca1 survey. Spec1es lists of plants that were encountered in

"sample plots w1th1n this sect1on of the overlay zone are presented in

EIR 1978, EIR 1979, and 1n SDGS&E (1977).  The.site for:

the proposed

water withdrawal and treatment facility that will be required for full-.

'development to 500 MWe 'is within this riparian habitat

4.4.1.2 Fauna

Regional fauna compositions are determined by the h

the Imperial Valley:

and extensive tracts of agr1cultural land. Remaining n

bush desert: on ' the margin§ of the Valley floor supports

(Sect. 7.3.4).

1

|
It
abitat types in

creosote bush desert, wetlands, desert riparian,

= gyes(D

tive creosote'

desert fauna character1st1c of the hot Colorado desert (Miller and

- Stebbins 1973)

deltas are important waterfowl and shorebird habitats.

wintering area for a large}percentage of the birds of the Pacific flyway;

a total of 105 species of‘water birds has been recorded

“in the southern part of - the Sea (U.S. FWS 1970).

The Salton Sea and its associated- wetlands in the r1ver

The Sea is the .

at the refuges

. Desert r1parlan vegetation along the river floodqla1ns in the '

"central Valley provides abundant cover for a W1de var1ety of- songblrds,_:a“

"shoreb1rds and small mammals The importance of this ve

B -w1ld11fe is enhanced by the dearth of adequate habitat i

Tagrlcultural f1elds ‘The r1par1an community. along the N

fthe only W1ld11fe habltat in the overlay zone. A much g

V"‘and d1vers1ty of wildlife were observed in the riparian

getat1on type to.

0 the surroundlng

!habltat than 1n

ﬂf.the surroundlng agrlcultural fields .of the overlay zone;- A complete

- d1scuss1on of . species observed occurs in several refere
B {EIR 1979; SDGSE 1977) - '

The agr1cultural areas support a low d1vers1ty of -s

| .birds that are tolerant of man's activities.- These spec
o f1elds and depend upon the natural growth of weeds and o

along the marg1ns of the flelds for roosting and coverf.

'concernlng an1mal spec1em observed and collected from

a f1elds within the- overlay zone is contained 1n several

o 1978 EIR 1979; SDG&E 1977)

nces (EIR 1978

mall mammals and
ies feed in the
cca51onal trees
Informat1on4:>
agr1cultural o

references (EIR

!

i

|populations of

ew Rlver prov1des o

reater abundancel.'

<t




82 .

4.4.2 Aggatie ecology

The New River and-Saltdn Sea'are_the>major surfaeenwafers in the
project area. (Fig.. 4.5). The Alamo River, although in close proximity
to the project area, will not be directly'affected by this project (EIR
1978). The New River in the prejecf viciﬁity is highly pol}uﬁed and is
untenable for most aefobic aquatic organisms (CRWQCB 1975);ihowever, as
it proceeds fo%ard'the Salton Sea,’its.quality improves. Tﬁere is an

active population of flathead catfish (Pylodictis:OIivaris) fishery from

Seeley to the Salton Sea, with channel catfish (Ictalurus punctatus)
also found and fished for in the river (EIR'1979). The Imperial County

Department of Public Health, however, discourages fishing in the New

River for health reasons (EIR 1979). The State Water Resources Cdnﬁrol

Board in 1977 found that forage fish in the New River eoﬁtained levels

of chlorinated hydrocarbon pesticides (DDD DDT, DDE) approachlng 5 ppm .
(fresh welght) Levels of heavy metals were also found to be high

(Ponder- 1977) - o

| The irrigation system serves as a freshwater habitat and sUppoits a
limited recreational fishery (CRWQCB 1977); A listing and discussion of
species present can be found in US ERDA (1977), Milaﬁevich et al. (1976)

and in the EIR (1978). Mbsquite fish (Gambusia affinis) have'been

introduced by the Imperial County Health Depaftment for mosquito control.
‘In addition,.species of Tilapia were introduced-following;discovery of
Hydrllla vert1C111ata (an aquatic weed) in- the All -American Canal in
1977 (Mllanov1ch et al. 1976). S

Irrlgatlon return lines prov1de habltats for crayflsh, numerous

insect spec1es, amphibians, and fish. Mosquito fishes are abundant and
Tiiapia winter in the_dfain lines}. Tﬁe'Beech drain fronting the site to
the south side is fypical of the irrigation return lines in the system
Parker 1977. ‘

The Saliog'Sea supports a saltwater sppft fishery of orangemouth

corvina (Cynoscion hanthulus), sargq (Anisotremus davidsoni), ‘and bairdiella

or'gulf croaker.(Bairdiella icistiuS).~.The desert pupfish (Cyprinodon

macularius) is nat1ve to the area. Threadfin shad (Dorosoma petenense),

mudsucker (61111chthys m1rab111s), and‘several exotlc species: have also
,.'become established (SDG&E 1977) By 1929 fish spec1es introduced in
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1905 with failure of the. Colorado River diversion system were practic-
ally extirpated from the. sea by increased salinity (Layton and Ermak
- 1976). S | B

" Planktonic algae are abundant in the Salton Sea where_they utilize

salts, dissolved n1trogen, ' and phosphorus.  Algal bloom§ occur causing
eutrophic symptoms of". water discoloration and oxygen def1C1enc1es, o

localized fish kills result Pile woxms (Neanthus succ1nea), amphipods

( Carinogammarus mucronatum), and barnacles (Balanus amph1tr1te), all -

introduced between 1930 and 1957, are the only abundant‘1nvertebrates}"
A total of 29 1nvertebrate species has been 1ntroduced11nto the  food
chain, but only those llsted above were successful (Layton and Ermak .
1976) . : ? ' : ' e

Increas1ng salinity of imported Colorado River water and the Salton

Sea is a grow1ng threat to the present fishery in the sea. Elimination
of some game fish by the m1d 1980's and essentially alﬂ by 1990 is -

expected because of the egg and larval mortality resultlng ‘when salinity
exceeds 40,000 ppm (Goldsmith‘1976).

4.4.3 Rare and endangsredispgcies
4.4.3.1 Plants

of the 14 Callfornla plants officially listed by the U.S. Fish and
Wildlife Service as’ threatened or endangered (U.S. FWS 1979), none
occurs in Imperial County Pursuant to the Californial Native Plant
Protection Act of ]979, the state maintains a list of offlcially designated

endangered or rare plants (Cal. Resources Agency 1980a). Four.plants

that occur in Imperial County are: slenderpod squaw-cabbage (Caulanthus

sternocarpus), Peirson's mllkvetch (Astragalus madgdalenae var. Peirsonii),

Wiggin's croton (Croton wigg’nsii), and the Algodones anflower (Helianthus

niveus spp. tephrodes), none occurs in the region of the Heber geothermal
overlay zone. The squaw-cabbage occurs on dry chapparal slopes in the
hills borderlng San Dlego County, west of Imperial Valley (Munz & Keck
1973). The other three SPECIeS are associated with undlsturbed sand
dunes in native creosote scrub desert 1n the Algodones«dunes and Yuma
'sand hills areas, on the eastern margln of the Imper1a1\Va11ey (Munz and

\I

Keck 1973; Cal. Resources Agency 1980b). ;

A A ey
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4.4.3.2 Animals -

Five species designated as endangered by the Q.S. Fish and Wildlife
Service are known to occur in the Salton Sea region: the yuma clapper

rail (Rallus longirostris yumanensis), the southern bald eagle (Haliaeetus

leucocephalus;leueocephalus), the California least tern (Sterna albifrons

brownii), American peregrine falcon (Falco peregrinus anatum), and the

‘California brown pelican (Pelecanus.occidentalis‘californicus) (U.S. FWS

1979). All five species are also on the California list of rare and
endangered animals maintained pursuant to the California Endangered
Species ‘Act .of 1970 (Cal. Resources Agency 1978a)§h,Additibna11y, one
other state-designated rare species, that is not on the Federal list,

the California black rail (Laterallus,jamaicensisicoturnioulus), also

occurs in the region. All species are associated with the Sea and its
peripheral wetlands Only the rails breed in the Salton éea region.
The other four species occur as migrants or occa31onal visitors to the
refuges adjacent to the Sea (U.S. FWS 1970); none of the four is 11ke1y
to range far upriver from the New River delta andxyould not be expected
to occur near the overlay zone. L o

~ Both the yuma clapper rail and the black rall .are . known to breed in
the southern part of the Salton Sea at the deltas of the New ‘and Alamo
r1vers, vhere freshwater marshes provide adequate breedlng habitat (Cal.
Resources Agency 1978b) Bennett and Ohmart (1978) ‘have descr1bed
breedlng habitat requirements for the yuma clapper ra11 The most
important criteria include extens1ve areas of emergent cattalls and
bullrushes, stable stand1ng water levels, and abundant populatlons of
“the preferred food, crayf1sh The rising level of the Salton Sea has
Aalready innundated many acres and continues to threaten remalnlng habitat
at the river mouths. . .

It is possible that,breeding habitat for hoth.rarla,eiiats upstream
of the delta .in sections of marshes at major agricnltnra}'drain outfalls
along the rivers. From an aerial survey by VIN in.1979;afourteen‘1arge
cattail marshes were indentified along the New Riverlfrom an area just
downstream of the Heber overlay to north of Brawley (Cook 1980) Subsequent

'ground surveys of seven of these marshes 1nd1cated that the marshes were ‘

fed from irrigation runoff entering the New Rrver floodplaln from adjacent
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- agricultural fields (Cook 1980).

In some cases the marshes were several

feet above the channel of:the river. Even upstream from Seeley, where.

the New River is badly polluted and devoid of agquatic lzfe, the marshes

surveyed supportéd abundant aquatic life.

Most of the| marshes were

greater than 0.4 ha (1 acre) and one was as large as & t5;8 ha (10 to 20

acres); there is a good pOSSIblllty that these marshes

1along-thevNew.

River could’ prov1de breed1ng habitat for both the yuma clapper rail and

the black ra11

There has never been a survey during

“the breeding..

season of any marsh habltats along the New River upstream of the delta

(Powell 1980). Dur1ng a field study of seven of the -arshes in September
1979, -VIN biologists ‘did not find clapper rails, but they did record
other species of rails. Among them was the state-des1gnated rare. Call-

fornia black rail (Cook 1980)

Although habitat for the clapper and black rails may exist along

the New River floodplaln downstream of. the Heber overl

|
ay ‘zone, large

cattail marshes do not occur within the overlay zone (EIR 1978, EIR .

1979; SDG&E 1977).

~ The extremely poor. water quality 1L the New River

and the disturbed nature of the aquatic and riparian babltats in thls

area precludes the poss1b111ty that adequate habitat for either rail

exists within the overlay zone. Surveys of the t1par1an habitat w1th1n

‘the overlay zone by VIN o1olog1sts (EIR 1978) and earli
San Diego Gas and Electric Company's environmental sta
did not ptoduce any ev1dence that either the yuma clap
California black ra11 occurs in the overlay zone.

No other species on e;ther the Federal list or the

ier sampling by
ff (SDGSE 1977)
per rail or the

California list

of rare and endangered animal species was observed in the overlay zome

dur1ng these surveys, and none is expected to occur within the overlay

zone. The overlay zone 1s within the geographical range of the flat-

tailed horned lizard (Puyrnosoma m'calli); a candidate species whose.

‘status is currently under review by the U.S. Fish and Wildlife Service

to determine whether it should be proposed as an endangered or threatened

lspecies (USFWS 1977, Sweeney 1980). However, based on’results of recent
“studies of the specxes by Turner and others (1978, 1980), it is absent

from the developed agrlcultural area of the Imperial Walley "It is

-poss1b1e, but unl1ke1y that the lizard could still occur in areas of

LIS S N I
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natural desert vegetation’adjacent to the New River within the overlay
zone. The lizard generally occupies areas at elevations below 250 m,
with flat or modest slopes and with sparse vegetation cover consisting
of creosote bush, bursage and saltbush (Turner et al 1978, 1980). The
best habitats ‘for the lizard exhibit surface soils of fine packed sand
or desert pavement with scattered deposits of loose sand (Turner et al °
1978, 1980).  There is a possibility that the flat-tailed horned lizard
could inhabit‘the vicinity proposed for the location of the blow-down
evaporation ponds in the event that that disposal alterhative is selected.
Agdatic

A designated California endangered species, the desert pupfish

(Cyprinodon macularius Baird and Girard), that is found in the Salton

Sea and its tributaries is proposed for inclusion on the federal list of
endangered species. The desert pupfish is found primarily in the San
Felipe Creek tributary to the Sea (Moyle 1976). The pupfish feeds on
ocfracoda; copepods, and occassionally insects and pileworms in the
Salton Sea  (Cox, 1972). The pupfish is confined primarily to the
tributaries of the Sea probably as the result of establiéhment.éf
competing mesquito fish (Gambusia‘sp.) and sailfin mollies (Poeéilia
‘latapinna) (Fisk 1972).°

There are no additional rare and endangered fish and invertebrates
on either the Federal list or the State of California's list whose range

would include the Heber and Salton Sea regions of the Imperial Valley.

4.5 AIR RESOURCES
4.5.1 Meteorology and climatology

The Heber Geothermal Project lies .in the southeastern portion of
the California desert basin. The region has a desert climate with hot,
dry summers and mild winters. In July the average temperature is about
‘90°F (32°C) with daytime temperatures usually well above 100°F (38°C).
Considerable radiational 'cooling is experienced at night. Relative
humidities are very low throughout the summer months. In January the
average temperature is about 55°F (13°C), with sub-freezing temperatures

being experienced on about 12 nights in a typical year. The average

diurnal temperature variations are 20°F to 30°F (11 to 17°C) throughout




T_-whlch occurs | dur1ng frontal passage per1ods

'rfclass by season. is shown 1n F1g 4.7 for El Centro, the

‘. with a secondary max1mum.from the southeast.

' W'quality in the area COuldﬁbe affected significantly by
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the year

" hthunderstorms is. 1nfrequent

" The d1sper51on of a1r~pollutants is dependent upon
l,and the atmospherlc stab111ty Stability is recorded
Pasqulll s cla551f1cat1on .with Classes A, B,
'unstable cond1t1ons, Class D to neutral conditions, and

- to stable cond1t10ns ‘ The frequency of -occurrence for;
.to the site for Wthh thlS 1nformat1on is available (4
"from the project s1te)

Afpartlcularly durlng the fall and winter months because o

The average annual rainfall is 2.7 1nches (6

The occur

and C cor

LClass F cond1t1ons are the ma

8 cm);vaSt{ofv

rence of fog.or .

the wind patterns

according to-

responding-to'

IClasses E and F
each stab111ty

closest station
miles or 6.4 km
st prevalent

f the occurrence

of- these conditions at nlght when surface radiational cooling occurs.

A A The seasonal wind speed dlstrlbutlon is shown in
“{1nd1cates that winds: are‘sllghtly stronger during the |
' Twhen the average wind speed is nine knots, compared to
year The lowest w1nds occur during w1nter months. C
‘:joccur most frequently dur1ng the winter months when 9
nvobservatlons are recorded ;as calms, whereas the spring c

.for 4 percent of the t1me
This sué

pollutants frommthe metropolitan areas of southern Calj
'the agrlcultural areas of Imperlal Valley and Mexicali \
4.5.2 -Air quality
b?l4.5,2.1 Overview

~The major industty'in the Imperial Valley is agric

]
M

dust emissions from various soil cultivation practices

A wind rose for El Centro 1

ulture.

Fig. 4.8."It»V
spring months, -
the rest of the
alm conditions
percent of all
alms are present

s shown in Fig.

R 9:and indicates that preva111ng winds are from. the westerly quadrant
gests that air

transport of air.

Lfornia and from

Ialley in Mexico.f

Fugitive

and agricultural_*

Tburning represent the most significant air pollution sources in this =~

" region.
dry months of late- fall Be

condltlons, the total suspended part1culate levels ar

23

winter, and early spring.
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it

)

o

" Because of the soil aridity, dust storms are generated in the

cause of these

currently in -~
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A

violation of the state and National Ambient Air Quallty Standards.

However, the region is not classified as a non-attalnment area for TSP

because of EPA's Fugitive Dust Policy which allows ruraL areas experiencing

TSP violations as a result of fugitive dust to claim attalnment of the

NAAQS. ‘
4.5.2.2 Pollutant emissions inventory

A pollutant em1551ons inventory was issued by the
APCD in November 1978.
metric tons/year (1373 tons/year) the major portion [&(

:
!
[
!

§

Imper1al County

0f the total particulate em1s31ons of 1245

0 percent or 508

metric tons/year (560 tons/year)] is contributed by agr1cultural process1ng

However,

agricultural tilling operatlons and ar1d land dust storms

that airborne dusts produced by these latter sources
exceed the total part1culate emissions of 1245 metric
tons/year). Analysis of part1culate samples collected
Valley by Lawrence L1vermore Laboratory, show that the
element is silicon.
1979).

soli- der1ved fug1t1ve dust (EIR, In terrain and

these values do: not allow for fugitive dusts! generated by

It is likely
would greatly
tons/year (1373
‘in the Imperial

Lmost prevalent

This would indicate that most of the partlculate is

gcllmates similar

to that of Imperial Valley, the totallfugitive dust edissions for an

equivalent area are estimated to be about 1, 814 400 metrlc tons/year

(2,000,000 tons/year) Em1351ons of NO

are 3,725 metrlc tons/year

(4,106 tons/year) and 2, 926 metric tons/year (3,225 tons/year) respectively,

primarily as a result of fuel combustlon in the ut111ty

source emissions were not;comp11ed in this inventory, b

sector. Mobile
ut based on 1975

levels are extremely lowfand consist primarily of HC and CO emissions.

4.5.2.3 Ambient air quality

The most recently aveilable ambient air quality mo
for TSP, SO,, and O3 have been reported in the Califor
Summary for the period Aprll through December 1978, and
Table 4.6.

particulates from June through December are well in exce

The maximum 24 hour averaged concentratlon

These violations are
Lower TSP levels

ambient air standard of 2¢O pg/m3.

a result of fugitive dust emissions.

nitoring results

nia Air Quality

are presented in

s of suspended :
ass of the California
e almost entirely

loccurred during

the spring as a result ofythe decreased aridity of the

period.

soil during this

The maximum 1-hour éveraged SO, concentrations are well below the

However, in

July and August

FR——
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Tabie 4.6. Pollutant concentrations in ambient air for El Centro, California, April—December 1978

: Sempling . Maximum concentration California  National
Pollutant period ' ‘Locntoon Apr. May Jun. Jul. Aug Sept. Oct. Nov. Dec. standard  stendard
Total 24h  Brawley 102 166 318 216 198 602 260 315 443 100 260
suspended - Calexio 98 155 248 219 200 456 - 303 - 410 550 -
particulates - ElCentro 76 L ¢ 120 .76 . 149 303 191 154 186
(TSP), ' ' ‘
Ozone, th | ElCenro 010 005 010 011 Ot12 007 008 007 0.03 0.10 - 0.12
$0,, ppm th  ElCentro 001 002 004 005 004 001 008 003 009 060




4.7 SOCIOECONOMICS

93 3:! -

the maximum l-hour ozone levels exceeded the state standard of 0.10 ppm;

-and in April and June the standard was equalled. In the 1977 annual

summary, CARB reported the maximum 2-hour concentrat1ons of ozone for
the year at Heber and El Centro at 0.11 and 0.09 ppm respect1vely At
Heber the 03 standard was exceeded on 22 days. of the year The emissions
of NO and hydrocarbons, the major precursors to O, are relatlvely
small in the valley. Th1s suggests that the major cause of the Oj
problem is long range transport of the pollutant from urban1zed areas to
the west northwest, and perhaps even south. Sulfur ledee levels for

1977 were well below the state standard the maximum 1 hour concentration

at Heber and El Centro measured as 0.17. ppm and 0.09 ppm, respectively.

4.6 NOISE CHARACTERIZATIO&
. e |

Average day-n1ght sound levels from a 1977 survey of the progect

area ranged hetween 58 and 73 dB(A), with higher levelsﬁassoc1ated w1th

'a1rcraft fllghts and- rallroad noise (EIR 1979) The relatlvely low

noise levels in the area are considered typ1cal of a predom1nant1y
agr1cu1tural area (Wllson 1980). The Imperial County(general plan
includes noise standards for geothermal developments ﬁ

~ For the proposed prOJect Imperial County class Ilstandards w111
apply; class II standards would apply to development near or adJacent to

an existing development (F1g 4.10).

4.7.1 Population ;

Imperial County's population increased from 74,492 in 1970 to an

estimated 93,600 in 1979£ This growth represented an |average annual

. increase of 2.3% compared to a 1.4% annual growth rate experienced by

the State. Adjacent to the project area is the unincorporated town of
Heber with a 1975 population of 2206 (EIR 1979). Estimates for the 1979
population in the nearby 1ncorporated cities include: Brawley - 14,150,
El Centro — 24 350, and Calex1co - 13,550. A large share of the County's

growth has been absorbedﬁby El Centro and Calexico. ln addition, a

substantial number of w&rkers from the neighboring Mexican city of

[ AT
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Mexicali, Mexico, are”employed in the county. Mexicalilis the dominant
population center in the: reglon, having- an estimated 515 000 1nhab1tants
in 1980 (EIR 1978). § ' i ‘

Seasonal fluctuat1ons in population are common, wlth 31gn1f1cant

increases from mlgrant farm labor during the peak harvest season -
November through April. . The County s agricultural labor requ1rements,
coupled with the proxim1ty to Mex1ca11, encourage m1grat10n ‘There are
6000. legal Mexican nat1onals res1d1ng in the County and between 6000 and
12,000 seasonally employed legal Mexican commuters (Stahrl and Rose

1979).. There is no estlmate of the undocumented Mexica national -population.

=TT =

sed of Hlspan1cs

The 1970 census 1nd1cates¢46% of the population is ‘compg
Half of the County s population growth has been caused by natural

increase, reflecting a h1gh birth rate, with the remaining half due to

_ 1n-m1grat10n (u.s. Bureau»of the Census’ 1977) The median age of Imper1a1
County residents is 24 04years, well below the State. medlan, of 28 .1
years (EIR 1979). Res1dents of Imper1a1 County completed 10 8 medlan
school years compared to 12 4 for the state (U.s. BureLu of the - Census(

1972). . -l A oo .;l

Imperial County has‘nearly tW1ce the number of fam111es below the
poverty level compared to State averages Of those famllles below the
poverty level in the Coanty, 62% were H1span1c households

Projections for pop&latlon growth in the County pred1ct a growth
'rate of 2.4% per year, yleldlng 124,000 by the year 2000 : Durlng the
2000 to 2020 period, the population is predlcted to grow by 1.7% per l
year and will total 175,900 by 2020 (Stahrl and Rose 1%79)f Populat1on
trends and characteristics are further described in EIR (1978) and EIR

(1979). - S

4.7.2 Economic characteristics
o .

Agriculture is the mainstay of the Imperial County economy. Agri- :
‘culture comprised 38% of all wage and- salary employJent or 14,800
people out of the totalﬁho 300 employed. Agr1cu1tur71 production is
divided evenly among vegetables, 11vestock, and field Crops . The southern
section of the County near the project area 1s planteH with vegetable
crops. Nonagrlcultural employment is relatlvely concentrated igpthe

. CH : %)
< . o . . L &
: I

A
g
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jgovernment sector (22%) and the reta1l serv1ces sectors (23%) (EIR

cult1vat10n for alfalfa although rotatlon to cotton or vegetable crops

occurs perlodlcally with alfalfa dom1nat1ng for several years at a time.

" The - d1splaced 23 acres of alfalfa corresponds to an annual value of

: $13 800. 1f cubed -for dehydrators and $7,000 if. baled for hay (Borton -
1980) . ‘ : |

~County labor force was unemployed .. The unemployment'rate is highest
from’ July to October when demand for dgricultural labor is minimal

(Hurst 1980). The unemployment problem is exacerbated by the proximity

of the large labor force in Mexicali. Over 6000 legal Mexican nationals .

commute daily to. Imperial County jobs, with an unknown percentage of

lowfpaying jobs being held by undocumented Mexican nationals (EIR 1979).

Taxes are levied by the County, municipalities, schools and special .

districts. The taxing districts in the project area have the following
rates per .$100 of ‘assessed valuation: Calexico - $5,0711,rHeber -
$5,6780, and McCabe — $4.1520 (Wilson and Smith 1980).

4.7.3 Housing

Housing is presently limited lnvlmperial County. Shortages are

especially evident in El Centro, which had a vacancy rate of only 1.59%. '

in 1977; New housing construction is currently sluggish due to highv
interest rates (Jones 1980). '

| - The available housing has a higher number of persons per household
than housing in surrounding counties. Imperial County averages 3.5

persons per unit and E1 Centro's average was 3.3 in 1970, compared to

the State average of 3.0 persons per unit. Conditions in Heber are even

" more crowded with 5.2 persons per household as reported in the 1975
special census (EIR 1979). |

| ‘The percentage of households having more than one person per room
is an additional indicator of crowding; 19.4 percent of Imperial County
1households have more than one person per room compared to the stateh'

‘average of 7.7%.

. Imperial County has a high unemployment rate. In;1979, 24% of the_

1979). Agr1cu1tura1 1and ‘at the Heber Geothermal fleld is mostly under. S
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“Much of the area hou51ng is in need of repalr ¥

requires some rehab111tat10n, and by 1990 an estlmated
repair to maintain resale value and rental potentlal (E

fcrowdlng also seems to contrlbute to the deterioratiorn

. and owner- occupied units.’

4.7.4 Community services and facilities

Imperial County and:the Imperial Irrigation Distri

) n

primary‘providers of utilities in the‘project area.
electricity to more than' 52,000 customers and maintai
capacity of 417,806 kW (Hartshorn 1980).
kW is scheduled to' come on line in the summer of 1980{
supplied by the Southern iCalifornia Gas Company. There
increases in utility customers in the last three yearsi

The Heber Utility District purchases water from 1]

ighteen:pereentfl'?
42% will require’
IR 1979).
of both renter

Over-

ct (iID) are'the
The IID provides

ns a generating.:

Additional capacity of 27,000

Natural gas is

have been substant1a1

\

[D, and maintains,

" the town's sewer system " Private haulers provide garba
disposal.
to provide secondary treatment (Lopez 1980). ﬂ

Other pub11c services, including fire and pollceI|

ge collectlon and

Sewage treatment capacity (prlmary) is be1ng expanded locally

are prov1ded by'*

the County to unlncorporated areas, and by mun1c1pa11t1es in the. 1ncor-{
! .

porated communities.
adequately met, though expendltures are increasing (by/
:(Palne 1980).
personnel

School facilities are provided by ‘the Heber Ele
District and the El Centro School District.
4187 ‘(Ruiz 1980), and h{gh'school enrollment is 1923.
increase in enrollment has occurred in recent years, a
planned (Duggan 1980)

4.7.5 Transportation systems

'The project area isfweil-served by interstate-hig

Local roads in the

U.sS. highnays, and Staté?highways.

I
Current demands - for these resonrces are. belng

12% for FY 1979)

Increases are due more to inflation than to addition of . .

mentary School

Elementary enrollmentvls'

No significant - -

1d no expansion is: -

1way number elght

immediate v1c1n1ty

of the project are limited in number and in earfying%capac1ty because -
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they were designed primarily for access to agricultural activities
(Figs. 3.1 and 3.2 and Section 3.7.2.1).

Freight rail service is provided by the Southern Pacific Railroad,
and- passenger service is available between Holtville and El Centro.
Commuter airlines operating from Los Angeles, San Diego, and other area

cities serve El' Centro.

4.8 CULTURAL RESOURCES

Studies of cultural resources . in the project area conducted by
Imperial Valley College's museum concluded that no archeological resources
of significance were present in the project area. Moreover, none of the
sites studied has been nominated to either the National Register of
Historic Places or 'the California Inventory of-Historic Sites (EIR
1979). A spokesman for the Imperial County Planning Department -confirmed
the lack of significant cultural resources in the area, stating that the
area had been extensively cultivated for decades without revealing the

présence of any archeoldgical resources.(Mitchell 1980).

4.9 AESTHETICS

- The project area is flat valley land bordered by the Orocopia and
Chocolate Mountains, the_Sahd Hills, and East Mesa to the east and
northeast. The area is currently beingvcultivated and is surrounded by
agritultural activities and a 1bw-density netwbrk of roads (Several of
which are unpaved) and irrigation canals. Natural vegetation is sparse
in the desert climate, and there is little topographic relief. Extensive
agricultural activity in the valley prevents the reéion from being a
natural or undisturbed area. Views from the valley and across the
valley are often obscured by néturaily occurring haze, dust, ahd smoke

from agricultural operations.
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'5.1.1 Resource depletion, ' %
o : |
]

5. POTENTIAL ENVIRONMENTAL CONSEQUENCES OF | THE
- PROPOSED ACTION i

. . . “ " . ’! .
5.1 GEOLOGY, GROUNDWATER, AND SOILS

i

Possible or probeble;impacts to the geologic environment, including
: ]
groundwater and soils, resulting from geothermal development of the

G-overlay zone are as .follows:

alteration and depletion"of the geothermal resourceﬁ
.. induced subsidence, ;
induced. seismicity, ‘ o ' ]
soil impacts: ‘erosion, corrosion, and bearing failure, .
‘displacement of prime farmland soils, -

* damage caused by earthquakes,

N U W N

accidental contamination of groundwater and soils.

These 1mpacts may ‘occur as development of the Heber anomaly progresses

even if the proposed Federal action is not 1mp1emented None of the

-pIOJECt facilities are located in a floodplain, flood hazard area, or

j
wetland, and therefore it is very unlikely that there w111 be any 1mpacts

associated with theseifeatures resulting from the prOJeot.
, : : ‘ : ]

|

4

Reduced pressure and thermal gradients are expected to result.

eventually from deplet1on of the geothermal resource. Ihe rate at which

‘these reductions occur will not be thoroughly understogd until produc-

tion experience is gained. More detrimental impacts such as subsidence
and seismicity may also aocompany geothermal resource depletion. Chevron
plans to minimize subsidence and seismicity by injecting 100% of .the
amount of fluid extracted. Reservoir model optimization studies con-
ducted by Chevron indicate that its preferred site for the 1nJect10n
island most effectively. 11m1ts depletion of the geothermal - rescurce-
(EIR 1978). As productlon progresses, Chevron may vary 1nJect10n and .
production ‘depths to determine what combination is.optﬁ%al. The binary

power plant is predicted to be more efficient (i.e., ?chieves higher

-productivity with less resource depletion) than the fEbsh process for

certain temperatures.. This efficiency would be a benefﬁéial impact not

107
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only at, the Heber Known Geothermal Resource Area (KGRA), but for any ‘

other areas with Slhllat resources.

5.1.2  Induced subsidence and uplift

Because a large amount of the revenue in the Heber area vitaliy
depends on the precisely leveled gravity-flow irrigation sfstem, potential
alteration of - the topography by subsidence or uvplift is a crucial issue.

Chevron's preferred alternative of inJecting 100% of the amount of

fluid withdrawn greatly limits, but does not exclude, the possibility of
.harmful«subsidence. Two preliminary analyses based on Geertsma's equa-
tion (éeerts-a 1973) have been made to estimate suhsidence from elastic
'response. The. initial analySis estimated that an average of 21 cm

(8.4 in.) of subsidence could result from development for production of
200 Mwe. This gross estimate is an average value for the entire geothermal
anomaly, considered to cover 130 km2 (50 sq miles) in the analysis, and
it does not account for local variations (EIR 1978) For this reason it
is unsatisfactory The second analysis was for a cumulative ‘production
of 500 Mve and was based on more speCific data. It is estimated that
7.6 cm (3 in.) of subsidence in the immediate ViCinity of production and
10.2 cm (4 in.) of uplift in the immediate ViCinity of injection could
_ be‘induced by such:development (EIR 1979). Such changes in the topography
could be'tolerated by the irrigation system and existing structures
Wiehout impact, but the analysis can only be considered an approxination
Although low estimates of subSidence and uplift normally do not require
’further attention, they must continue to be validated in the Heber area
by more sophisticated models as additional information becomes available
due to the Significance of the issue

To establish a baseline for distinguishing between natural and
}induced subsidence, Chevron has conducted annual first-order leveling
surveys of the Heber area since 1975. In accordance with the Imperial
County Geothetmal Element (1977), additional monitoring for subsidence
and uplift will include a network ‘of stations consisting of 53 km (33
miles) of survey lines and about 50 benchmarks. This network will cover
the Heber geothermal anomaly and its vicinity, and monitoring will be .
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J

- 1“ - R ‘
conducted every three or; six months during initial production. After

initial production, the. ancmaly will be monitored annually. Chevren's

monitorlng will beisupplemented by additional monltoring by other

organizations Experlence may 1nd1cate that mon1tor1ng is necessary on

a more or less frequent bas1s. S {

}

Once ptoduct1on commences, results from leveling]|surveys must be

1nterpreted carefully to determine how much movement

how much 1s 1nduced

W

1s natural and’

If mon1tor1ng reveals that s1gn1f1cant subsidence

or up11ft is be1ng caused by geothermal development, several optrons are

available to m1n1m1ze the 1mpact. Because field development and plant

operat1on are permltted on a cond1t10nal basis, agenéles of Imperlal

County have the authorlty to 1mp1ement effective mltlgatlon measures.

with aSS1stance from the\Callforn1a D1v1s1on of 011 and ‘Gas. Detectlon

'monltorlng w1th more frequent and more detalled level1hg

:of s1gn1f1cant 1nduced subs1dence or upllft will result in 1ntens1f1ed

e
Y

i
Lower productlon and 1n3ect10n rates may reduce pressure losses or

'galns adequately to prevent contlnued subsidence or up11ft. As a result,

more wells mlght have toﬂbe drllled to maintain des1reh power production.

Locatlng 1nJect1on wells and product1on wells nearer to ‘each other might

have the same effect but thlS would also probably deplete the resource

faster and be more costly

M1t1gat10n might also be achleved by produc-

ing or injecting into deeper 1nterva1s. Deeper sed1ments ‘are’ 11ke1y to

be better consolldated and cemented and there is moée opportunlty for

N

compactlon to be d1ffused and compensated for by a broader, thlcker

sectlon of over1y1ng sedlments. If necessary, these programmatlc alter- n

. natlves W1ll be evaluated on techn1cal economical, and env1ronmental

Abases, and DOE will determ1ne if a supplement to the env1ronmental

gradlents. (Note°

'assessment is- requ1red

To m1t1gate surficial 1mpacts, f1111ng or

grad1ng mlght be necessary “to ma1nta1n 1rr1gat10n canal and dra1n

Agr1cu1tural lands in the progect area are normally

regraded every two to three years ) If serious enough .1nduced land

surface changes could result in operatlons be1ng halted e1ther temporarlly

or permanently

LY

i[ [P
i
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5.1.3 Induced seismicity

The effect of altering the geothermal regime in a seismically
active area such as the Imperial Valley'is uncértain. Production of
liquid-dominated geothermal resources in seismically active areas of
Mexico (Cerro Prieto), New Zealand (Wairakei), and El Salvador
(Ahuachapan), has not caused significant, if any, seismicity. It has
been documented that injection of fluids into the subsurface at préssures,
exceeding thosé required to fracture the rock has caused seismicity,
although these cases occurred in geologic environments different from .
those of the Salton Trough (regions that were not seismically active)
(EIR 1978). Theoretically, it has.been calculated that geothermal
production increases the frequency and may slightly increase or decrease
the magnitude of earthquakes in production areas. However, theory must
be validated by careful_énélysis of data from actual seismic monitoring.

Injection wells are regulated by the California Division of 0il ‘and
Gas, which determineé the maximum safe injection pressure for them. The
California Division of 0il and Gas graﬁts permits to operators of injection
wells, and the permits establish maximum pressures at.which fluid can
be injected into the subsurface. This pressure is established by the
Division once rate pressure tests have been analyzed to determine
fracture gradients. . » - | '

Although significant seismicityjinduced;by geothermal dévelopment
is unlikely based on past experience elsewhere, mohitoring is necessary
to detect any seismicity that may occur. Results of monitoring must
be analyzed'carefully’to differentiate between naturaiyand induced
seismicity. Induced‘seismic events woﬁld probably occur at more shallow
depths than would natural ones. The Uu.s. Geologiéal Survey has placed
permanent seismic monitoring stations in the vicinity of Hebér. Chevron
will place a seismic net in this area prior to the omset of'prbduction.
The net is required by the geothefmal element of the Imperial County
plan; it will obtain necessary data on baseline seismic aétivity and
deviations that occur dﬁring periodsldf power production. '

If the California Division of 0il and Gas or Imperiai Couhty esta- |

blishes that seismicity during geothermal production varies significantly ‘
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from the baseline act1v1ty, appropriate m1t1gat10n w1ll
As_discussed in Sect. 6. 1.3,
- EIR (1978),

" of shutdown and full operatlon to’ demonstrate ‘a statis

and EIR (1979), a program con51st1ng of al

be'implehented-'

and in accord with the recommendations in

ternate periods

t1cal relatlon-"

ship between seism1c1ty and production/anectlon or computer modeling

u31ng accumulated englneering data could be undertaken to-determine what

measures are necessary (EIR 1978; EIR 1979).

1n3ection wells may have to be backwashed

Injection]

be reduced,

clogging, additional 1n3ect10n wells may have to be dr1

‘ may have to be halted

5.1.4 Soil impacts: erosion, cdrrosion, and ‘bearing f

R

‘fates may have ‘to

‘to eliminates

l1ed, or operations

ailure

“Without proper m1t1gat10n, detrimental 1mpacts can be caused by

soils at the project sites because of their low bearing strength and

corrosion potential, ‘as’ described in Sect. 4.1.6.

A detalled coring

program has been conducted at the San Diego.Gas and Electric 51te to .

provide sufficient detalb of the shallow subsurface env1ronment.
information enables foundation and structural engineer

‘the scope of mitigation necessary for competent design.}

will be protected from soil contact and sulphate—resist

be used to prevent corrosion.

replaced with more de51rab1e soils, or soils may be co

" various surface loads prlor to building. Pile. foundatli
the cohesive properties of the 3011s,'and thicker str
can ‘compensate for weak s01ls . More intensive 1nvest1;
subsurface characteristlcs will be made for the des1g
fac111t1es, such as. the turbine foundation.

‘Generally, erosion should be insignificant because
be taken to leave soils uncovered for as little time a
. only place in the Heber G-overlay zone where slope inst
are potential hazards is along the banks of the New Riv
'surface 1s nearly 1evel everywhere else Careful des
technlques will be applied to minimize the poss1b111ty

or slope failure:’

This
s to determine
‘Gathering lines

ant concrete will

Unsatlsfactory s011s may be removed and

nsolidated with
ions can utilize
1ctural members

ation of shallow

 of- particular

proper care will
'The

ability and- erosion

s possible.

er because ‘the land
ign and grading

of serious erosion -
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- 5.1.5 Displacement of prime farmland soils

‘.A maximum of 9.3rhav(23 acres) of‘sofls classified asuprime farmland
by the U.S. Department of Agriculture.will.be hegatively_impacted as
:part of the proposed demonstrat1on prOJect This includes soil that
will be covered by structures, pav1ng, concrete pads, or‘imperﬁeable
linings .for settling ponds, trenches, or sumps. Because of the soil's
low bearing strength, it is very likely that most of the soil will be
compacted or removed, severely reducing or possibly destroying its
agricultural capacity. However, agricultural production in the Imperial
Valley is not limited by the auailability of prime’farmland, but rather
by the availability of water:. o _

Because nearly all of the Heber G-overlay zone has prime farmland
- soils, (Fig. 4.4, Sect. 4. 1. 6) geothermal development of the Heber
anomaly will inevitably result in the loss of some prime farmland,
regardless of the specific technology used. Chevron has already incorpor?
ated several features into its development plan to minimize the amount |
of prime soil it ihpacts: All production wellheads will be located on
one .island and all injection wellheads_will be on another to minimize
space required for these activities and for access to them. Fluidb
transmission lines.will be built along the rights-of-way of existing
- roads so that additional roads will be unnecessary, and‘existihg trans-‘
mission corr1dors W1ll be - utlllzed _' _
‘ As indicated in sectlons 5.2. 1 and 5.7.2, agr1cu1tura1 land at the

Heber - Geothermal f1e1d 1s mostly under cultivation for: alfalfa, for

" which the annual crop value (calculated for 1979) varles between $7 000 v'i'

'?and $13 800 for the 23 acres replaced

»*Stl.é Damage’caused'by,earthquakeSa-’

. Because the proposed progect is 1ocated in an intensely active
B selsmlc area, damage could occur as a result of a maJor earthquake. _As
-noted in the section on geologlc hazards (Sect 4.1.3), ground acceleratlon
,_and ground failure (11quefact10n) are the primary earthquake hazards.

'Ground acceleration could damage well casings, and, if it occurted'
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gduring drllling, could damage dr1111ng equlpment Grou'fﬁffflf;ﬁxf' L
v“hfcould also damage surface {facilities. Fac111t1es w1ll be designed. to
_ ”i;w1thstand appropriate effect1ve peak acceleratlon and
B “velocity (Sect. .6. 1. 6) bY 1ncorporat1ng recommendat1onsﬂ?f7

'.f}PrOV151ons for the. Development of: Selsmlc Regulatlons fc}#:l:,;‘h"

'other comparable state gu1del1nes (App11ed Technology

__f“_ca51ngs or damage to foundat1ons of structures from d1ff
'ﬁ:fment Flne sand occurrlng -below 16 m (50 ft) and th1n 1ntervals of‘w

" -and silt occurr1ng “at more‘shallow depths (EPRI 1977) haye the potent1al

:of causing ground fa1lure Therefore, specific analy314 of the capab111ty '

of structures to w1thstand ground fallure W1ll ‘be included in the englneerlng

. i

design. . L : , P S
‘Impacts that might occur as a result of ground accéleration or .~ -\ ;

T et

ground failure would generally be limited to the project’s facil%ties"ffrd coo L
However, these impacts could result in the release of g=othermal flulds RN '
to the surface or the shallow ‘subsurface causing contamlnatlon of alr,’t;'l N

- water, and soil. o . : N ;3,7’_ Ty

i

VIV E S A

i

'5.1.7 Accidental contamidation of soils‘and groundwater

’ ' } ’ . P : .
During normal construction and operation,'contamination of soils ,' R

“and groundwater will be'insignificant Occasional small spllls or leaks

of oil, lubricants, dr1111ng muds, or geothermal f1u1df are 11ke1y to 3
occur during normal prOJect activities. However, because they W1ll be o
conf1ned to paved, llned or concrete areas enclosed by earth.berms,_ rl"gfﬁ;;i
f they will not affect the local environment. Fires, blbwouts,”and'major,f;V; |
'lrspllls (descrlbed in Sect 3.7.2.8, "Accidents™) are unlihely>tojc6n§fﬁflil"

’v_tamlnate soils or groundwater because of planned m1t1ga,ion The'spillc'fb

L AN T S I R S LI

control system conS1st1ng of trenches, sumps, and berms (SDG&E 1979)

O xE e

w111 1solate contamlnated fluids and prevent them from 1nf11trat1ng =

so1ls and groundwater In the case of a very severe aCC1dent _the R

'1solat1on system is expected to be adequate to contaln the- f1u1ds untllfaihsggg*ﬁ
. a. more exten51ve system of collect1ng them ‘can be 1mp1emented If 1t 1sl§f;"

. ‘ o .' not, hot water and condensed vapor could contam1nate rearby s01ls and

P ER
5 . : R

§ . . - i - A REE R




“infiltrate the groundwater - These fluids are not hazardous, and the1r
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71mpacts on the environment would not be major.

‘Because  Chevron must obta1n a permlt from the California Division

_of 0il and Gas for all 1nJect10n and productlon wells assuring it has
eomp11ed w1th regulatlons and standards designed to ensure that ca51ng

;fallure does mot occur, a ca51ng fallure is unllkely

. Once - Ca11forn1a implements an underground injection control program,

‘j‘as requ1red by regulat1ons of the . S. Env1ronmenta1 Protection Agency, B

lChevron will comply with all of 1ts prOV1s1ons

e

5.2 LAND USE

»5;2.1 Displacement of agricultural land

Preservation of productive agricultural lands is the most significant -

‘land-use issue. Proposed geothermal development is not perceived as

making adjacent lands unsuitable for agricultural use. This is confirmed
in the Geothermal Element (1977) of the Imperial County general plan,

which, in considering the total geothermal resource in Imperial County,

stateS'

'4[ Su1table geothermal development will not serlously d1m1n1sh the

' agr1cu1tural capab111t1es of Imperlal County. Research 1nd1cates

- less than 2 percent of the present agricultural land will be removed'
ifrom product1on which can be made up by ut1llzlng undeveloped land
or opening up new agr1cultural land. Electric and non-electrlc
geothermal applications are compat1b1e with most agr1cultural

’act1v1t1espand development ‘can benefit agrlculture by generating
by-products such as potable water, chemicals or fertilizersiproduced
from the minerals in the brine“(EIR 1978). .

.The project will only remove about 9.3 ha (23 acres): of agr1cu1tural

land from active production for the 30-year- 11fet1me of the plant A:

;m1t1gat1ng measure that will be used is grouping wells into product1on

1and injection islands, to minimize land consumption. Farmlng can: contrnue

- around the islands. AgriCulturalvland at the site is mostly under use

" for alfalfa farming. Alfalfa value in 1979 for 23 acres in Imperial - .
:County was $13,800 annually when cubed for dehyrators and $7 000 when |
J baled ‘for hay (Borton 1980).
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Utilization of an evaporation basin for disposal of the cooling

tower blowdown will not have significant land-use impacts. The con-

struction (at a point five years into the project) of an 8.9-cm- (3.5-in.-) -

diameter underground-pipeiine for transporting blowdoﬁn water to a
50.6 ha (125-acre) evaporation basin 14.5 km (9‘miles)‘ﬁest of the Heber
project site would have insignificant land-use impacts. KVAreas of scattered
residences southwest of Heber would be passed by the p1pe11ne but its
construction procedure would be so rapid that the duratlon of the trenchlng
and p1pe laying would render any land-use conflicts negllglble

Housing areas would be avoided to the extent poss%ble by both the
pipeline and the basin. Moreover, the proposed basin lécation is in the
desert, beyond any land needed fgr agricultural .use. T%mporary disturbance

of agricultural uses_during pipeline construction wouldibe insignificant.

5.2.2 Effects of salt dr1ft on croplands

Deposition of salt drlft from the cooling towers?assoc1ated with-
the binary plant has potential to adversely affect valu§b1e agrlcultural

‘ . . . [ .
land by causing reduced germination success and lower crop yields as a

‘result of accumulation of salts in the soil (Bernsteié 1964, Richards

1969). Airborne salt deposited on the foliage can alsd cause injury to

crops from salt uptaké'bj the leaves (Moser 1975, Hindawi et al.. 1976).
Appendix D presents an analysis of predicted levels of salt deposition
resulting from cooling tower operation at the binary plant. Appendix E
presents a detailed analysis of the effects of these predicted deposition
levels on croplands surrounding the plant. The towers |are assumed tovbe
operating with circulating water containing 4,000 ppm| total dissolved
solids (TDS) for the first five years and 20,000 ppm thereafter. Depb-
sitions were estimated using two sets of meterological|data (see Appendix
D). The effects of thfee drift loss rates were analyzed éorresponding
to three alternative tower designs: no drift eliminators (0.1% drift
loss rate); standard drift eliminators (0.008% loss); and "state-of-the-art"

drift eliminators (0.002% loss). Because the proposed tower design is

" fdr 0.008% drift loss rate, the impacts associated wiqh'this drift rate

" (using Heber site meteo#ological data) will be summaéized here. The

reader is referred to Appendix E for the discussion ofﬁimpacts associated

- with the two alterhétivejdrift loss rates.

(SR SR YR WU TR AR LR
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Tables D.7 and D.8 in Appendix D present the p_redicted salt depositions .
at 0.008% drift loss rate and the approximate areas which will be affected
by the predicted depositions. The areas in the Table refer to those
within the isopleths of salt concentration depicted in'Figures D.14
through D.17. i:Maximum salt depositions at 0.008% drift loss rate are
predicted.tbhbe 100 g/m% (900 1lbs/acre) for the first five'yearé of
operation and$700 g/m? (6400 lbs/acre) thereafter. These maximum depo-
sitions will .affect a- relatively small area of less than 3 ha in the‘
immediate vicinity of the towers. - o 4

" - Accumulation of salt in soils is a continual hazard in the Imperial
Valley where irrigation is a prerequisite for agriculture and irrigation
water is relatively saline. Salt accumulation is controlled by léaching
soluble salts from the rooting zone with a fraction.pf the irrigation
water. The fraction of the irrigation water which must pass through the
root zone is.referred to as the leaching requirement. It is a function
of the salinity of the irrigation water and the desired saiinity of the
soil in-the root zone, which is dependent upon the salt tpierance of the
‘crop species being grown on that soil. Appendix F contains a discussion
of the method of calculation of .the leaching requirement,‘;As the salinity
of the irrigation water increases so does the leaching requiremenf
ﬁécessary,to flush the additional salts from the soil. : -

Operation of the cooling towers will deposit an increment of salt
as drift on theAsurrounding croplands, which will effec;iyely raise the
salinity of the irrigation water being applied to these 1énds,‘thereby
necessitating an increased leaching requirement in or&er to maintain the
desired soil salinity... The soils in the vicinity of the Heber plant
site which would be affected by a major portion of the séit deposition
at 0.008% drift are holtville silty clay and Imperial-Glenbar silty clay
loam (see Fig. I.1 in Appendix I). These soils are presenﬁly at or very
near their maximum achievable leaching capacity. Additioniof a sufficient
increment of salt from the cooling towers will result in accumulation of
salts in the soil to the point where yields of ail but the most'sélt
“tolerant crops could be reduced. From Appendix E, between 12 and-24 ha
are expected to receive sufficient salt deposition at‘0.008% drift and

20'.,000 ppm circulation water to cause some reduction in yield for moderately .
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salt tolerant crops, including alfalfa, the crop“presently grown (Bernstein
1964, Richard 1969). For the first five years. of - operatlon with clrculatxon
water containing 4000 ppm TDS there should be: no adverse effects on.
_croplands from salt accumulat1on (see Appendix E). . ?h

In addition to salln1zatlon of soils, ‘deposition- of salt drift on
'croplands has the potent1al to cause foliar injury to crops. L1m1ted
data are available which relate salt depos1t10n to leafﬂdamage. Further-

‘more, ‘because foliar damage is related to salt uptake‘by the leaves,

" which is itself related to leaf structure and morphology, it is d1ff1cult

to extrapolate data from one -crop species to another. However, all crop

species thus far tested have exhibited damage to short term exposures of

~ less than 100 g/mz/year (Mulchi and Armbruster 1974, Maas 1980). . Although

it cannot be stated with | certainty, it may be comfortably speculated
that areas receiving long-term exposures to over looyg/mzlyear ‘are
11kely to exhibit some crop damage from airborne salt(drlft from the
towers. From Table E.2 1n Appendix E, between 20 and 24 ha could receive
over 100 g/m2/year at: 0.008% drift and 20,000 ppm c1rcu1at1on water
With 4000 ppm circulation, ,water, from none to less than three ha w111 be.
exposed to depos1t1on levels of over 100 g/mzlyear. “

In summary, salt dr1ft from 0.008% drift loss rate when 4000 ppm
circulation water is used (for the first five years of prOJect operatlon) .
will not cause adverse effects to surrounding croplands However, at’
such t1me that 20 000 ppm circulation water is used, a max1mum of 24 ha
.could potentlally be adversely affected by both accumulLtlon of salts in
,the s011s and damage to crops from airborne salt depos1t10n of the
~f011age These adverse effects could be mitigated by reduclng the salt

loss from the towers or possibly by planting extremely salt tolerant
_crop\spec1es on the affected area. Mitigation of salt drift is d1scussed'
in more detail in»Sectionb6.2.2. . -

5.2:3 Other considerations

iThere“are=no residences or commercial buildings jon the project

site, the'closest'bﬁildihgs are a few residences 0.4 km (0.25 mi) or

" more from. the site. There are no recreational tesources -nearby, and no

1mpact on recreatlon * : o Sy
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According to the ultimate land-use plan, the Heber geothermal
field is located in an area designated for urban and general agricultural
use (EIR 1978). Although the project does not conform with this use,
the establishment of the G-overlay zone and the granting of pending
conditional-use permits for the project will make it consistent with
all other applicable community plans and Imperial County planning goals
(EIR 1978). .Geothermal development appears consistent with -the
Conservation Element because the Heber geothermal fieid'is not contained
in any water or biological resource areas. There is also consistency

with the Open Space Element because the project site is not contained

- in any open space designated for the preservation of natural resources

or for outdoor recreation (EIR 1978). Geothermal development and :
resource production are. particularly consistent with the Geothermal
Element's designation for managed production for geothermal resources.
Mitigation of land consumption is being achieved by locating the
power plant and the injection well near existing roads. Appropriate

landscaping will help alleviate adverse visual impacts.
5.3 SURFACE WATER

5.3.1 Hydrology and water quality

Preparation and operation of the 50-MWe Heber demonstration project
should have no significant impact on surface watefs in the area. Sumps
will be used to store waste products produced during development for
later disposal. Berms [45.7 cm (18 in.)] around the site will be used
to. contain any leakage or spills associated with the project (EIR 1978).
As a result of these containment measures and efforts to minimize
erosion and runoff, surface water impacts associated with these activities
should be minimal. SDG&E will prepare a Spill Control andVCountermeasures
Plan defining actions to be taken in the event of an accidental spill.

The plant will require a cooling water flow of 8830 1/s (140,000
gpm). Replacement (makeup) of evaporation, drift, and blowdown losses
from cooling towers will require about 202 to 220 1/s or 3200 .to 3500
gpm (6.7 x 106-m3/year). For - the first five years of operation or until

another environmentally and economically feasible source of cooling




- :gblowdown dlscharge w111 be a ‘maximum ‘of 52. 6. 1/s (835 gpm or 1.9 cfs) at

”Z; 1000 ppm.
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A:water becomes ava1lable, makeup flow w1ll be comprlsed of Imper1a1 v

.Irrlgatlon District (IID) 1rr1gat1on water [approx1mately 1000 ppm total

_ d1ssolved SOlldS (TDS)] from the Central Ma1n canal (EHR 1978) ThlS o
'tmakeup water ‘will be de11vered to settl1ng ponds at a max1mum rate of . )
t[_zzo 1/s (3500 gpm) (SDGSE letter Apr11 29, 1980) prior to use’ w1th1n the 7‘ff_“‘

| f<plant Makeup water requlrements are not expected to e%ceed 7. 4 x 106 m3:1ﬂib?“syfuﬂri

(6000 acre feet) annually for' the 1life of the. plant (EIR . 1978)

"order to meet the CRWQCB d1scharge requlrements, as appa1ed to Southern

Ca11forn1a Edlson s 10 MWe demonstrat1on plant (Swa31an 1979) (Table 5 1),_~;' -

o

‘. 4000 ppm TDS . This d1scharge w111 have an elevated wat=r temperature of
.fﬂ43 3°C (110°F) durlng the summer and’ 23°C (73°F) dur11g the’ w1nter
';Thls f1gure is- based on makeup and evaporatlve flows of.202 and 160 l/s
v1(3200 ‘and 2540 gpm) respectlvely, and  an 1rr1gat10n ther sallnlty of

Blowdown dlscharge w1ll be to the Beech dra1n, an agricultural

dra1n adJacent to the s1te, and ultimately to the New. River (Fig. 7:1).

' g'Assum1ng comp11ance with: CRWQCB requlrements, blowdown (4000 ppm) will

have a. lower sa11n1ty than the agrlcultural dra1nage water,(SOOO ppm).b

'_flow 1nto the New R1ver Add1t1ona1 impacts - of blowdcwn discharée on. -
surface water quallty w111 result from add1t10n to the cooling water-of,'
the fOllOWlng ' ' ‘ L | :

;(1) sulfuric- acid for pH control

S (2) chlorlne for antlfoullng,

(3) 1nh1b1tor for corr081on control, and

- (&) coagulant for des11t1ng

The impact of these other.dlscharge-aesociatedAheayy,metals or chemicals

on New River waters will?be~minimized by required adherence to discharge
. limits set by the CRWQCB;(TableVS.l)._‘Meeting;these’d]SCharge requirements

'fshould ensure that no adwerse water quality impacts on the New R1ver or

- ;the Salton Sea result from chemical 1nput blowdown (haracterlstlcs

(SwaJlan 1979) and the1r potential env1ronmenta1 effe‘ts The CRWQCB

1:11m1ts temperature 1ncreases to a maximum of 3°C (5°F) 9'm (30 ft. )

ldownstream from the dlscharge outfall As 1nd1cated bn the EIR 1979

i
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-Table 5.1. Régiohal Water Quality Control Board (RWQCB)
discharge requirements for coolmg tower blowdown’
to the New River as applied to Southern Cahforma Edison Company's
10 MWe demonstratlon faclhty north of Brawley

_Parameter 30-Day mean . Maximum o
Total dissolved solids (TDS), ppm 4000 = 4500
Suspended solids, ppm ) 20 . . _40.
Setteable matter, ppm - 0.3 1.0
T Zinc,ppm - - 0.30
Chromlum (total) ppm ) ’ . 0.08.
Chlorine, ppm S ' 0.2 : 0.50
) pH 4 ' : " Effluent pH to remain within -
' T ,' o limits of 6.0 t0'9.0 o
Temperatures ' Temperature of waters in the

New River shall not increase
by more than 5°F at a point
not greater than 30 ft from
the agricultural-drainage
o _ . outfalll = - _
Heavy metals - Wastewater discharge to the
' - o - - Beech drain shall not cause -
presence of heavy metals or
- chemicals at concentrations
: ‘toxic to flsh or other aquatlc
- life

Source: Swajian, 1979,




- is’ so small compared to. the flow in the Central Main"

h'~(1000 cfs)] that its 1mpacts would be m1n1ma1

. _r1ver, approach predlscharge levels.

el
'
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' and ver1f1ed by the ORNL staff (Lee 1980) the proposed

will exceed this temperature 11m1t in the Beech Drain.

the Beech Drain is 1nterm1ttent the. CRWQCB temperature
'W111 probably" be applled to the New R1ver instead of th

v'(Swajlan 1979)

dlschargeldesign.
‘;Because‘flow in _l
’1ncrease 11m1tatlon
e drain (Table 5. 1)

Dlscharge to the Beech Drain w111 flowllnto the New: Rlver s

._2 4 km (1.5. m1les) to the west of the Heber 51te at a rate of 0. 052 m /s

(1.9 cfs) and ‘a max1mum summer temperature of 43.3°C (110°F) and w1nter

temperature of 23°C (73°F)

" The average summer and w1nter temperatures

and - flow rates for the New River and Beech Drain are shown in Table 5. 2

' Under these conditions (Table 5.2) the change 1n temperature 9 m (30 ft. ).‘-

downstream from the Beech Dra1n dlscharge 1nto the New River would be
»2 74°C (4. 94°F) during the summer and 1. 6°C (2. 8°F) durlng the winter.

. Provided these limits are met, d1scharge to the New R1ver will be W1th1n N

limits set by the " CRWQCB.

Discharge of coollng water blowdown or geotherma]

irrlgatlon'supply system could have an-adverse effec
v,resOurce uses of thewarea‘ The probab111ty of this o

lintited since blowdown W111 flow by gravity from the

fluids into the
t on the>waterv '
ccurrlng is. very

plant through a

-steel pipe attached’ to_the_Dogwood Road brldge (over the Central Maln

'canal) into the Beech Drain In the remotely possiblel

in the pipeline, the max1mum flow of the blowdown [o. q
|
Routln
_“1nsure rap1d ma1ntenance and restoration. of 1ntegr1ty
| plpellne (EIR 1978). L

FOIIOW1ng five years of operatlon u51ng 1rr1gat

event of a rupture
6 m /s (1.9 cfs)]
canal [28 3 m™ /s

e 1nspectlonaw1ll o

of,the'ahoveéground} L

ion water as a .

coollng water source,‘the Heber. plant will change to. agr1cu1tura1 return

flow or New River water as the coollng water source

(SDG&E letter

© May 12, 1980).

~ water source will be to evaporation basins (Sects.

Effluent discharge followrng ‘this: ché
7.3

ange rn-coollng
.2.4 and 5.3.2) or

injection into the geOthermal'reservoir With cessatJon of diScharge to

“the- New River, ‘water quallty parameters and water temperature in the

river should barrlng other ‘interim developments and’dlscharges to the ’

In other words,

after five years

: of operation when SDG&E can no longer use 1rr1gat10n water for coollng
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%

Table 5.2. Temperature and flow characteristics for the New River
: and Beech drain? i

Summer : : Winter

. Temperature Flow - - " Temperature - Flow
[CCOF)] . [m3fsichs)]  [°C(OF)) [m3 /s(cfs))

New River ~ 28(83) .. 38(135) 15 (50) 3.3(115)
Beech drain 29 (110) g 0.044 (16)- 14 (54) - 0.044 (1.6)

v aSoﬁrces: SDG'&E letter, May 12, 1980 and EIR 1978, Fig. 3-19. (Verifica- ’
" tion- Memo August 21, 1980). ‘




-of the New River at the overlay zone is about 4.3 m /s

. by the treatment plant at the Clark Road Crossing and
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and no longer discharges to the New River, water quality

|
i
j
i

jand temperature

will no longer be influenced by input from the binary facility and should

return toward predischarge conditions.

5.3.2 Water use

.For the first five years of operation the 50 MWe p1|
IID .irrigation water for (1) the power plant, (2) the
system, (3) the fire system, and (4) the sanitary system(
at the plant will be supplied by bottled drinking watej

_water will be pumped from the Central Main Canal into a

"settling" pond (Sect. 7.3.2.4 and Fig. 3.10) to ensure

on hand for operation.

|

ant will utilize
Eooling'water
| Potablé'water
%.A Irrigation

large holding or

jsufficient water

|
|

The IID irrigation water allocation for the 50 MWﬂ‘plant will.nbt

reduce the amount of water available for priority agri

(Twogood 1977; SDG&E letter May 5, 1980). The annual 7.

cultural uses
4 x 10% o> (6000

acre-ft) allocation for the demonstration plant accounﬁs for only 0.2%

through the project region via the Central Main Canal

" of the water use for the Imperial Valley and 0.7% of t@e flow diverted

'The average flow
(150 cfs) for an

average annual flow of about 134 x 106 3 (111,500 acre-ft); low flows

are about 2.8 m /s (100 cfs).

Thus, cooling water mak%up requirement °

represents about 5% of the average flow of the New River and 7% of the -

low flow. SDG&E and Chevron are evaluating the feasibi

conservation measures at the project site (EIR 1978).
(5 x 106 m3 or 4100 acre-ft) of the water used will be

the remaining 20% (approximately 1 x 106 m3 or 1000 acx

blowdown (EIR 1978).

lity of applying
Eighty percent
evaporated with

e-ft) emitted as

After five years of operation, as per the égreemedt between SDG&E

and IID, the 50-MWe Heber plant will convert to use of

either New River

. water or agricultural drain water as a cooling water source (Sect. 3.7.2.4).

Both sources have higherstotal dissolved solids (TDS) contents (4000-5000 ppm)

than irrigation-supply'wgter (1000 ppm). If New River

water is used as

the replacement cooling water source, the water will probably be supplied

will be part of

2
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the 6.2 x 107 m3 (50,000 acre-ft) annual permit allocation for the ' ‘

full-field development (Sect. 7.3.4).
If agricultural drainage water is used for cooling water makeup, .
this water will probably be withdrawn from Central Drain Number 3,
probably at the inflow from the Date Drain (Kelly-Cochrane 1980) -Flow
in the drain at this point was estimated by SDG&E to be 1.9 m /s (68 cfs)
Flow in the dra1n in the vicinity of makeup withdrawal averages 1.3 m /s
(46 cfs) and ranges from 0. 4 to 2.9 m /s (13 to 101 cfs). SDG&E anticipates
a makeup w1thdrawal of 0.3 m /s (9 cfs), which 1ncludes a 20% contingency.
At low flow thls withdrawal would virtually e11m1nate flow in the drain
while removing approx1mate1y 10% during average flow periods. Given the
‘above information; the upstream location of the drains, and a TDS of
epproximately“SOOO ppm, the withdrawal should have no appreciable effect
on water quality or hydrology. Likewise, the final blowdown should have
no effect on surface water quality because discharge will be piped to an
evﬁporation basin for ultimate disposal in Class 1 approved sites 'or
injected at the periphery of the production reservoir (Sect 3.7.2. 4),
-w1th no 11qu1d release to surface waters.
The maximum rate of blowdown discharge to the evaporation basin
will be the same after 5 years as it was to the New River [52.6 1/s (835
gpm)], to maintain a cooling tower drift loss rate of not greater than °
0.008%. if the cooling tower design is for 0.008%'drift, an evaporation
baeinvco§ering 48 ha (120 acfes) will be required to contain and provide
sufficient evaporative surface for'tﬁe plant cooling water discharge
(Sect. 3.7.2.4, Table 3.4). For a drift rate of 0.1% and 0.002%, the
areas needed for evaporetion ponds would be 42 ha (105 acres) and 50 ha
(125 acres) respectively. The cooling basin will be located in the
unde§eloped desert approximately 14 km (9 miles) west of Heber.
Blowdown wiil‘be transported to the evaporation basin via a 9 cm
(3;5 in.) pressurized; underground pipeline. The basin will be lined
with either an impermeable synthetic liner or an esphalt concrete liner
(Sect. 3.7.2.4) which should insure containment within the‘pond and
prevent contamination of surface water. The basin will be sized to
contain all TDS produced during the life of the plant.
_ The second option for disposal of blowdown after 5 years is treatment .
~of the blowdown (e g. at the Clark Road water treatment faC111ty) for |
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ﬁ

reanectlon into the per1phery of the Heber geothermal

reserv01r . ‘With

use of berms around the re1nJect10n islands, there should be no adverse

impact on surface waters or water use.

5.3.3 .Other'consideratiods

- |
Other 1mpacts assoc1ated w1th the 50 MWe demonst

, 1nclude m1nor depletlon of available 1rr1gat1on water

rat1on prOJect N

gue to coollng

water evaporat1on and - thermal enrichment of the Beech dra1n, which may.

trigger accelerated growth of aquatic weeds.

controlled by T11ap1a spp s they could spread into the. New River.

Unless these weeds are.

It is

unknown if or how much a 1 6°C or 2.7°C (2.8°F or 4. 9°F) winter or .

summer temperature 1ncrease would accelerate aquat1c weed growth in the

New R1ver , : . .
The increased water use from add1tlona1 leaching
,8011s necessitated by salt dr1ft (Sect. 5.2

i
]

S - S
5.4 IMPACTS ON ECOLQqICAt SYSTEMS

5.4.1‘VTerrestrialvecologi

.2) will be

of agricultural

rnsignificant.‘

!
b
i
|
i
i

Construct1on of the Heber binary demonstration pﬂant w1th1n the

i
Heber Overlay W111 have m1n1ma1 effects on native terrestrlal b1ota

Placement of well pads and construction of the power plant and related

facilities will disturb about 9.3 ha (23 acres) of land

presently under cult1vat10n

all of wh1ch 1s'

Existing access roads w111 be used and a11

p1pe11nes W111 be placed w1th1n the present rlghts-of-way for ‘roads and

1rrlgat1on facilities. The power plant will tie into a

mission line. While IIDy1rr1gat1on water is being us
makeup, blowdown will be of‘a salinity Tow enough that
of in an adjacent agricdltural drain. For at least t
years, while IID water 1s ava11ab1e for coollng, projec
not d1sturb any natural vegetat1on

An1mals that are assoc1ated with the croplands s

prOJect site are accustomed to human presence; noise!

. ex1st1ng trans-
=d for coollng

it may be d1sposed
he f1rst five

t activities will

urrounding the

and increased

act1v1ty related to progect ronstruct1on and operatlon

affect them. The nearestfw11d11fe habitat is along the

i
5

should not adversely

New River, about
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2.5 km southwest of the plant site. Project activities associated with
the binary demonstration plant should not disturb wildlife utilizing
this habitat.

After the first five years of operétion, or when IID water is no
longer available, higher salinity agricultural return flow or Néw River
water will probably be used for cooling makeup. In thié case, blowdown
will be disposed of by either injection into the geothermal reservoir or
retention in an evaporative basin which will be located in the‘undeveloped
desert, approximately 14 km (9 miles) west of the project area. The
exact location for the pond has not been determined and there has been
no specific biological survey of the vicinity in which the pond may be
located. Construction of the pond will disturb about 50 ha (125 acres)
of native Colorado desert vegetation.

The blowdown, as accumulated in the lined evaporation pond, will
become extremely saline, with an estimated saturation of about 250,000 ppm
total dissolved salts. The bonds will be fenced and vegetation will be
removed from the sides of the poﬂd in an effort to discourage wildlife
use of the ponds. The pond would probably not adversely affect waterfowl
that might occasionally use it. Large saline bodies of water are not
uncommon in the desert southwest. Important waterfowl habitat exists on
the periphery of the Salton Sea which is about 35,000 ppm salinity.
Furthermore, large commercial salt evaporation ponds'already exist
‘érbﬁnd the perimeter of the Salton Sea. Available data from the literature
concerning‘adverse effects of salinity on waterfowlvrelate to the toxicity
of éaline drinking water (EPA, 1977). . In the project vicinity, there
are sources of relatively fresh drinking water in the freshwater marshes
around the Salton Sea, in the agricultural drains and along the New and
Alamo Rivers. Considering‘that there .are sources of drinking water
available to birds, it is unlikely that the evaporation pond for blowdown
disposal would adversely affect them.

After the first five years, either agricultural return flow or
treated New River water will be the most likely sources of water makeup.
In either case, flow in the New Rivér would be reduced by the amount of

makeup water required, about 7.4 x l()6 m3/yr (6000 acre-feet/yr). The .

average'anhualfflow of the New River at the Overlay Zone is about
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137.5 x 106 m3 (111, 500 acre-feet), low flows are abo
(100 cfs), or two- -thirds gf mean flows.
ment will represent about a 7% reduction in the low

River and a 5% reductlon 1n the average flow. These m

The cooling wa

ut 170 m /mlnute
ter makeup requlre-'
flow of the New ' ‘

1nor flow reductlons

should not 31gn1f1cant1y affect the r1par1an habitat’ downstream of the

Overlay. Zone.

oy

Atmospheric em1ss1ons from construction, well drflllng and well -

testing will be inconsequential’ (Sect. 5.5).

During prOJect operatlon,

‘l
the only atmospherlc em1381on of environmental concern is salt drift

from the mechanical draft cooling towers. Appendix D

1nc1udes ‘a discussion

of estimated salt depos1t10n from operation of the coollng towers for’

two sets of meteoroLoglcal data and six combinations ;

drift loss rates and salinities. The major portion o

" be deposited on agrlcultural lands surrounding the project site.

|of alternatlvef
ﬁ salt drift will
Potential

effects of this salt. on the croplands are discussed in sect. 5.2.2 and

Appendix E.
is along the New River between 1.6 and 2.4 km (1 and 1
Salt deposition on the riparian habitats from 0.008% d

The closest,natural vegetatlon to the pro

posed Heber site
%5 miles) southwest.

rift loss from the

cooling towers is estimated to be about 0.2 g/m? (2 lbs/acre) annually

for the first five yeare of operation with 4000 ppm ci

Thereafter, annual deposition is estimated to be about

~when the towers are operated with 20,000 ppm circulatic

Even at the comparatively low deposition rates to

vegetation .communities will be exposed, salt accumula

over. the operating life of the Heber plant is of conc

communities do not receive the benefit of regular leac

. the croplands} Appendix/G contains an analysis of po
in soil salinity and the effects in the natural commu

. alternative drift loss rates. Over the thirty year o

rculation water:

2 g/m (20 lbs/acre)
n water. 4
which the natural
tion in the soils

arn because these
hing practiced on
rential increases
nities for three

perating life of

the Heber plant, a drift loss rate of 0.008% could cause an estimated

increase in soil salinity of about 1.5 mmhos/cm (see Appendix G).

The soils

varying degrees: (see Appendlx G).

in the. riparian communities are naturally saline to -~

‘Table G.1 in- Appendlx G presents

salinity tolerance ranges for: many of the commonly occurrlng vegetatlon

- species in the r1par1an hab1tats

P

The most saline s011s support . a-
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highly salt tolerant vegetation conmunity of iodinebush, salt grasses
and sea blight (see Section 4.4). Other less salinevsoils support a
moderately salt tolerant cover of salt cedar, saltbushes, and arrowweed.
Scattered individuals of creosote bush, which has a very low salt tolerance
(Marks 1955, Basek and Barbour 1977), probably occur in isolated pockets
‘of lower soii>sa1inity. The predicted increase in soil salinity of 1.5
mmhos/cm from 0.008% drift should not.cause the soil salinity to exceed
‘the tolerance range for most of the highly to.moderately tolerant vege-
tation species.  However, creosote bush is probably existing at the
upner end nf'its salinity tolerance range and it could be eliminated
"frqm'the habitats closest to thevtbwers.‘ This would be expected to
affect 1ess‘than 50 ha of riparian habitat (see Appendix G). Considering
thétncieOSOte bush is not presently a major component of the tiparian,
communities and@that it wnuld be eliminated from probably less than
Sd‘ha,gthis'shoud nét_constitute a significant adverse affect.

Damage to natural vegetation from deposition of airborne salt on
the fnliége should not eecur. Foliar injury ffom ambient salt is related
_to nptéke of salt»depositedvon the leaves. The 1eaf»morphology and
structure of many desert plants which have evolved to reduce water loss

tfrem the foliage should also reduce salt uptake. . Desert species would

be_expected to be less sensitive to airborne salt than most crop species.

‘At the natural vegetation communities, preditted annual average ambient
_,séltjeoncentrationS‘from 0.008% drift loss are approximately 0.5 ug/m3
when the towers are operating with 4000 ppm circulation water and about

2.5 ug/m® when they are operating with 20,000 ppm circulation water (see

* Appendix D). Maximum short-term concentrations (up to a few days duration)

might be an order of magnitude greater than the annual average, resulting

- in maximum éhort-term'eontentrations of 5 ug/m3 with 4000 -ppm circulating |
'Water;and about 25 ug/m® with 20,000 ppm circulating water.

. Data. relating ambient salt concentrations to foliar injury and
plant damége are very limited for agricultural species .and nonexistent ‘

" for native deéert vegetation. Bush beans, a crop speties which is known
to be extremely sensitive to airberne salt, exhibited foliar injury
’after'short-term exposures (up to five days duration) between 75 and

165 ug/m? of ambient salt (Moser 1975, Hindawi et al 1976). The predicted
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maximum amblent salt concentrat1on at the natural communltles of 25 ug/m

is at least one-third of the concentration known to affect the salt

sensitive bush beans Con31der1ng this,
vegetat1on is in all llkellhood less salt sensitive th
foliar damage to natural vegetation should not occur
Even at the high drift loss rate of 0.1%, resultlng in
ambient short-term concentrat1ons of about - 125 ug/m s
vegetation would probably not occur.

f
H

5,4,2' Aquatic ecology

i

and also th

.;'
B o
i ‘ "‘ .

T

at the natural A
an the bush beans,
at 0.008% drift.

predicted maximum

‘damage to'natural

Blowdown from the SO-MWe demonstrat1on plant fo% the f1rst five

years will contain 4000 ppm ‘dissolved sollds,'as requﬂ

red by the CallfornlaAF

. Regional Water Quallty Control Board . (CRWQCB), and w1ll be about 43°C
(110°F) dur1ng the- summer and 23°C (73°F) durlng the winter (Sect.

5. 3 1)
water with the exceptlon of increased levels of antico
The chem1ca1 quality and increased temperature of  th
prov1de conditions su1tab1e for rapid growth of algae
(McKee and Wolf, 1963)
T11ap1a spp , 1ntroduced 1nto wate

With a constant water source
blowdown d1scharge
' Valley for aquatic. weedicontrol may surv1ve and ‘repr

: Dra1n " Feeding by these speC1es could reduce the imp:

| vegetat10n growth in the ‘drain.

o

The discharge w111 be chemically ‘similar to agrlcultural dra1n

rr031on_add1t1vesf
discharge will -
and. aquatic weeds

provided by the .

rs of the Imperial -
oduce in the Beech =~
ict of the’inéreased:

Elevated temperaturF from ‘the- drain

d1scharge will increase’ the temperature of the New River. near the d1scharget
site 2.7°C (4.94°F) 1n’the summer .and 1.6°C (2. 8°F) during the winter.

~ vicinity. However,'ifltolerant of water quality in
may live in or at least feed in the river in the disc
prov1de some control of aquatlc weeds. '

Blowdown from the plant should have no s1gn1f1ca
fauna in the d1scharge;area because of temperature in
‘similarity of chemicalicomposition with agricultural
sparse pollut1on-tolerant fauna in the New River (Set

mlttent flow, blowdown ; dlscharge temperature (33° to

the river,

mire 1979).

n the d1scharge

Tilapia

harge vicinity and

nt impact on aquatic

crease compliance,

drainage, and the:
Inter-
43°C), and algal
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blooms possibly resulting from these conditions will restrict faunal ‘
colonization of the Beech Drain. Compliance with effluent quality

limitations established by the CRWQCB will minimize water-quality effects

on downstream biota. Assuming~compliance with RWQCB effluent limitations

(see Sect. 5. 2), the 50-MWe prOJect should have no significant impact on

the biota of the Salton Sea.

After five 'years of operation, coollng water makeup will come from
.either the New River as part of the 6.2 X 107 m3 annual withdrawal or
from agricultural return flow in the Central Drain (see Sect. 5.3.1).
Given the upstream location of the drain and the range of flow within
the drain, it is assumed that there would be a limited aquatic community
in the Central Drain.  If, however, fish do exist in the drain at that

time, the withdrawal of 0.3 m /s (9 cfs) could affect the fish population
during low flow periods (0.4 m /s)

5.4.3 Rare and endangered species

Construction of the:majgf faciliﬁies for the binary demonstration
plant will affect only agricultural land within the Heber G-Overlay
Zone, and thus has no potential for effects on rére or endangered species.
There are no habitats for the Fedefally designated endangered yuma
clapper rail nor for the state designated rare California black rail
which are sufficiently close to the project site té be affected by éalt
depoéition from operation of the cooling towers (seé Section 5.4.1).
There will be no impacts to the desert pupfish from'constructiqn or
operation of the binary power plant because chemical composition of the
blowdown to agricultural draiﬁagq and temperature increases to the New
River will comply with CRWQCB regulations (sect. 4.4.3.2).

If the alternative of an evaporation pond is chosen for disposal of
cooling-tower blowdown, about 50 ha §125 acres) of native desert habitat
will be displaced. The exact location for the propbsed basin has not
been determined at present; it will probably be located in an area'about
14.5 km (9 miles) west of thg Overlay Zone. The vicinity proposed for
the. pond will probéblyvnot include habitats for the rare and endangered

plants discussed in Section 4.3. Also, it will not include any habitat

for the yuma clapper rail, nor the California black rail.' However as
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. All of these emissions Qould have hegligible impact on air quality.

|
|
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discussed- in Section 4.4:3; there is a very good poss1b111ty that the
proposed vicinity for the evaporation pond could contaln habitat for the
candidate species the flet -tailed horned lizard. In- tge event that theé
evaporation pond is the rhosen disposal method, any proposed location.
for the pond will be surveyed by a biologist who:.is fim111ar with the
species. = The survey w11L be coordinated with the U.S. sT1sh and Wildlife
Service area office. The pond will be located only 1n an area which.
does not contain hab1tat for the lizard, ensuring that construction of
the pond would not adversely affect the species. n
p
.The potent1a1 air pollutlon 1mpacts associated W1th the proposed
project are generated at the wells and the power plant itself. Addi-
t1onally, some relat1ve1y minor temporary impacts could occur during
facility construction and the well testing phase of the project. The
pollutants of 1mportance from geothermal plant operatrons are hydrogen

sulfide (HZS) and total suspended particulates (TSP).

5.5.1 Geothermal well emissions

Emissions from thefgeothermal wells occur as a /result of site
preparation, well drilling, resource testing, and venting during well
productiod (EIR 1978).A?For a 50-MWe binary power p%ant the total
emissions associated w{tﬁ site preparation and well drilling would be
3.2 kg (7 1b) of TSP,'6i8'kg (15 1b) of SOi,‘275'kg (607 1b) of CoO,
11.3 kg (25 1b) of hydrocarbons and 52.2 kg (115 1b) jof NOx' Testing

and drilling of the resoﬁrce would yield less than 0.5 kg (1 1b) of HZS'

|

5.5.2 Power plant emissions

" For the binary-cycie power plant, the geothermal fluid Will be

completely contained du}ing normal operation, and there will be

essentially no HZS emissions to the atmosphere. Particulate emissions

from geothermal power plants consist of solids contaiﬂed in the cdoling
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tower drift (water droplets discharged from the tower). The solids
emission rate is a function of the tower drift rate and the salt content
of the cooling flow. ‘An additional consideration is the concentration
factor of total dissolved solids (TDS) in the cooling tower water. As
water evaporates>from the tower, the remaining cooling tower water
increases in TDS“content. The value of:the concentration factor depends
on the makeup and blowdown rates and .can range from 2 to about 18.
For the first five years of operation,:it is assumed that the TDS
content of the drift will ‘be equal to the blowdown solids content of
" 4000 ppm which is the state limit for disposal into agricultural drains.
Assuming a drift:rate of 0.008% and a circulating water rate of 8.8 x 103 1/s
(140,000 gal/min), the salt emission in the drift will be approximately
90-.7 metric tons/year (100 tons/year). After five years of bperation,
agricultural return water will be used for cooling and then ponded or
injected with the geothefmal brine. Assuming a maximum TDS‘content of
20,000 ppm in the drift, the annual salt emission will be’ approx1mate1y

453 6 metric tons/year (500 tons/year)

5.5.3 Ambient air quality impacts

The impacts of the cooling tower'operation.were determined by using
a tomputerized modei, ORFAD; which produces estimates of fog and drift
deposition that-reéultS»from operating wet cooling.towefs. The results
indicate that the use of drift eliminators (0.008% drift loss ornless)
dufing the first five years of plant‘pperation when. the TDS levels in
the cooling water will not exceed 4000 ppm, will produce no.significant
air quality impact. After the first five years of operation, when the
TDS levels will increase fo.Z0,00d ppm, implementation of mitigation
measures may be in order to meet the PSD (prevention of significant

deterioration) Class II increment requirements in effect at that time.

5.5.371 Approach

The hot, dry conditions prevalent in a desert environment would
seem to be ideal from the standpoint of minimizing the impacts of drift .

emissions from evaporative cooling towers. During the frequent occasions
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of extremely low relstive humidity (sometimes less than 10%) and high

tempéeratures of’the:daytime a substantial amount of evaporation will

occur from the drift&droplets As evaporation. occurs;ithey'decrease in

size and in fall veloC1ty and can be carried and d1spersed to large

<d1stances from: the cool1ng tower. However, the largerydroplets emitted

from the tower will not: evaporate sufficiently fast to be carried away

‘and will £all close to: the tower. Thus a tower em1tt1ng a significant

portion of large droplets can have a large amount of dr1ft depos1t1on
occurring in close prox1m1ty to it. Furthermore, the frequent occurrence
of unstable conditions in the daytime desert atmosphere can act to bring

an° elevated cooling tower plume rap1d1y to the surche and enhance .
depos1t10n The nlghttlme desert atmosphere is more.stable than the
daytxme, but also has much lower temperatures and h1gher relative humidities
with correspondingly less evaporation. : _ g-

"It appears that despxte the generally high rate of evaporation in

5‘the ‘desert, an evaporat1ve cooling tower may still produce sizable

amounts-: of ‘drift dep031t10n, especially if many larée droplets are
emitted. This could be: potent1ally hazardous to locgl salt-sensitive
plants and crops depend1ng on the amount of dissolved salts in the drift

1

water. . CoT ;

- ORFAD - Atmospheric dispersion models are a neceésary.tool<used to
predict the impacts of emissions at a given 1ocation“§y estimating the
transport and dispersiou of that emission in the local meteorological
conditions. In genereL; in the absence of experimental site dats,
cooling tower models cau be considered to be best estimates of what will
actually happen in the physical world. .

To assess the'impatts of the cooling tower oper?tion, a cooling
tower model named ORFADf(Oak Ridge Fog and Drift) was utilized. ORFAD
produces estimates of fog and drift deposition resulting from the operation
of wet cooling towers‘usiug hourly surface weather data. The distribution
of water vapor is assuued'to be Gaussian, whereas water droplets or

particles are ‘assumed to fall in distinct trajectoriles determined by

'size and ambient conditions (LaVerne, 1977). A specified distribution

of fractional mass with respect to particle diameter|is used to .assign
droplets to classes. Each class has 'a nominal diameter and represents a
certain fraction of the total drift discharged from tﬁe towerm,sSeparate

S
. \

\
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calculations are made for each class, and the results are summed to .
yield the total drift. The atmospheric salt concentration at ground '
level is determined by dividing the terminal fall velocity into the.
drift salt deposition. The plume rise calculation is derived from
Brigg's formulation (USAEC 1969). Additional buoyancy and the resulting
larger plume rise occurring from the close proximity of several towers
or tower cells is also estimated from a relationship given by Briggs
(ATDL 1974).

ORFAD treats every individual cooling tower as a point source of
drift and vapor :emissions. This indicates that it will produce con-
servative (high-side) estimates of maximum drift deposition from a
mechanical draft cooling tower which is, in fact, a bank of several
cooling cells"rather than a point source. ORFAD will account for the
additional plume rise caused by multiple cells, but will treat the
emission as if it is occurring from one point at the center of the
tower. The primary effect of this is to>underestimate horizontal dispersion
and overestimate drift deposition in the near-field. Farther away from
the source the mechanical draft tower has much the same impact as a
point source of emission and the effect of the point source assumption
is diminished. An alternative way of calcuiating near-field impacts
would be to model each cell in the cooling bank separately as a point
source located at that cell's midpoint and calculate the cumulative
impact of all cells. This, however, will overestimate dispersion of the
plume as it will not account for the fact that the individual cell
plumes are entraining drif;-containing air from each other and not being
diluted by ambient air. The point source representation of the cooling
tower results in a conservative estimate of impacts.

" The cooling tower design data for the Heber geothermal plant are
given in Sect. 3.7.2.4. Although these parameters do not represent the
actual cooling tower specifications because an actual cooling tower and
drift elimination type have not been selected, they were provided by
San Diego Gas -and Electric as a typical representation (SDG&E letter,
April 3, 1980). The drift droplet size spectrum is appropriate for a
Marley Corporation mechanical draft cooling tower with standard (0.008%)
drift eliminators. The ORFAD model was run utilizing two sets of meteor- .

dlogical data: two years of surface meteorological data from Blythe,
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Ca11forn1a, on a NOAA weather tape and 12 months of the 22 months of

meteorologlcal data collected at the Heber site by SDG&E *

The results

using Heber data should be more appropriate,. since these data should

reflect most closely. the local wind, temperature, and hum1d1ty conditions.

However, the Heber s1te data was less complete than the Blythe data,
|

with only 79% data recoverab111ty compared to 99% at B]

ythe. Blythe 1s

‘located approximately. 80Lm11es northeast of Heber in a.similar desert

i
This data was used initially because it

environment.
'1mmed1ate1y available source of hourly meteorolog1ca1 d

" The estimation of dr1ft deposition -and ambient ¢
salt particles was performed for six cases. It was ass
first five years of operat1on that the TDS content of t

to the blowdown: solids content of 4000 ppn.

content of the dr1ft was assumed to increase to 20,000 ppm

|
v these two cases three . d1fferent drift rates were assLmed

0. 008%, and 0.1% of the c1ru1at1ng water rate.
considered to represent a state-of-the-art drift elimir
drift eliminator, and nOﬂdr1ft-el1m1nator, respect1ve,
these model runs are dischssed below.

Each case was run tw1ce to yield both a near-fie
expanded view of the 1mpacts The purpose of the near-

(1.5 mi.)] study was to detall the region where impac

After five years,

: was the only -
ata. '
)ncentratlon of
umed. that for the
he drift is equal
the TDS
- For each of

0.002%,

These three rates can be

ator, a standard

ly.. Results ofv

1d view .and an
field [to 2.4 km

ts- are max1mum

ORFAD allows~specificatién of up to 19 deposition dist

- equidistant between depo%ition boundaries. The deposi
by the model at each of %he 19 distances is an averag
deposition for the entlre interval between boundaries.
better analyze regions where deposition values were cl
the intervals between depos1t1on boundar1es were kept
2.4 km. where -the depos1t1on decreased less rapidly,
were considered adequate.% V
5.5.3.2 Salt particulates

!

ances which lie
tion value‘given
e value of the

Therefore, to
langing. rapidly,

small. Beyond

larger intervals

. ' I - N :
As stated earlier, the ORFAD model computes the concentration in

the atmosphere of particulate salt by d1v1d1ng the term1na1 fall veloc1ty ,

\
‘ !
*The full 22 months werelnot used because the results

b1ased by the months that

14
'l

iwould have been

were dupllcated in calculat1ng annual averages
L

b
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at4any location into.the drift salt deposition. In the compufation,'the
droplets containing salt may have fallen out of the plume withbut evaporation,
evaporated‘to,a saturated solution, or evaporated completely to leave a |
dry salt particle. In any case, it is only the salt portion of the

final drift that will be accounted for in the salt particulate concen-
tration -estimated by ORFAD "In the dry desert envirbnmeﬁt a large
number of droplets evaporate to dry particles. v

The salt particulate concentrations calculated using the Blythe

weather data are presented in Appendix D (Fig. D.1, Fig. D.2, and Table

D.1 for the near-field view and Fig. D.3, Fig. D.4, and Table D.2) for

the expanded view. The same results using the Heber site data are also
contained in Appendix D (Fig. D.5, Fig. D.6, and Table D.3 for the near

field view and Fig. D.7, Fig. D.8, and Table D.4 for the expanded view).
These results indicate that the maximum salt concentration oécurs to the
east and east-southeast of the tower within about 0.5 miles (0.3 km).

The maximum salt concentrations are summarized in Table 5.3 and compared

to the applicable standards. and increments. The 0.008%, 4000 ppm case
should not jeopardize standards or increments as the maximum concentrafibn
is 9 pg/m. However, the 20,000 ppm case is predicted to result in a
'maximum'annual TSP concentration of 40 pg/$3 which is well above the
Class II PSD increment of 19 pg/m3. '

It. is unlikely that the use of almost 50% of the PSD increment in

the flrst 5 years will. constraln any other new sources w1sh1ng to locate
.1n_the area. Increment consumption by the cooling tower will be extremely

lbcalized " The. potentlal exceedance of the TSP 1ncrement after. f1ve
'years may have to be mitigated through the use of coollng water: pre-treatment
. or a more eff1c1ent drift elimination system. It is possible, however,

that a regulatory problem may not exist after five years. EPA.ié pfesehﬁiy'
wqulng towards eventual proposal of an inhalable particulate standard
which- would regulate only those particles sméiler than 15 pm. . This

would eliminate many of the"drift salt particles from consideration.




Table 5.3. Maximum predicted salt particulate concentrations
from the Heber geothermal cooling tower
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Ambient partif:ulate

" Period of Cooling water | Annual salt particulafe standardé Class 11
operations  TDS content  Drift rate concentration (ug/m? )Z[ PSD increment
, 3 ! sk
{year) (ppm) (%) (ug/m=) California  Federal (yg{m o
" “First5 4,000 0.002. 2.2 100 260 19
. 0.008' 9.0 E
R .. 0.00 1120 ‘ i
.After5 - ‘20,000 0.002‘: 10.0". 100 o 5260 B 19
’ ' 0.008, 40.0 - L :
0100, 500.0 . |
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5.5.3.3 Drift deposition

The. deposition of salt from cooling tower drift water occurs when
the emitted droplets break away from the bouyant and mechanically turbulent
forces keep1ng them aloft in the plume ‘The droplets fall to earth at
distances that are: determ1ned by droplet size, relative humldlty, and
-other amblent condltlons The results of the ORFAD salt dr1ft depos1t1on
_ calculatlons for both the Blythe and Heber s1te weather data are’ contalned
- in Appendix. D. The near-fleld drlft dep051t10n patterns for the 0.008%
_dr1ft rate’ ‘case using the Heber site data are shown 1n F1gure 5.1 for
the first five years of operatlon (4000 ppm of TDS) and 1n Flgure 5.2 .
for. the perlod after five years (20 000 ppm of TDS). The maJor dlrectlon
lof the. 1mpacts is to the east and east southeast It is also apparant
that the major portion of the dr1ft salt depOS1t1on occurs extremely .
close ‘to the cooling tower The maximum deposition is approx1mately -

100 g/mZ/year for the - f1rst five years of operation. and 700 g/mz/year :

. thereafter

Not only is the heaviest deposition w1th1n a few hundred meters of A
the tower, it is more likely to. be in the form of droplets which haven't
'evaporated or droplets evaporated to a saturated solution rather than

~dry’ particles. This is because the deposition this close to the tower

. will be predominantly from the larger droplets which have not had suffi-

 cient time to evaporate to drymess. Beyond a few hundred meters of the
tower both dry particles and droplets which have evaporated to a’ saturated
solution are depOS1ted .

A notable result of the drift calculat1ons is the percent of salt
em1tted from the tower that is carried far away from the tower before
deposltlng. With coollng water containing 4000 ppm of TDS,‘21.7% of the~
total salt emitted is deposited within 2.5 km (1.5 miles) of the tower
while 36.7% deposits within 8 km (5 miles). For cooling water containing:
20,000 ppm of TDS these results change to 30.7% and 47.5% respectively.
Thus, for both cases more than 50% of the emitted salts are still suspended
in the atmosphere beyond 8 km (5 m11es) of the. tower. This result is a

combination of the large weight percent of the assumed droplet spectrum

‘in,the:smallest weight .classes and the extremely low relative'humidity-‘
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site weather data).
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of the area causing droplets to evaporate and reduce 1n terminal veloc1ty
More deposition close- 1n‘ on a percent basis, occurs for the 20, 000 pPpm

case due to the 1ncreased den31ty of droplets and the larger sizes of

My
;

5.5.3.4' Significance of%results
. J /

" Drift salt depos1t10n and. salt.particulate concentrat1ons resultlng
from cooling tower operatlon would .be extremely h1gh 1f the drift emissions -
are not controlled through the use of drift e11m1nators Use of standard
drift eliminators (0. 008% of better) dur1ng the f1rst f1ve years of
plant operation when theHTDS levels 1n the coollng water will not exceed
4000 ppm, will. produce no 51gn1f1cant air quality 1mpact as determined
from calculatlons using the ORFAD model However, after five years of
operatlon when the coollng water conta1ns 20,000 ppm ?f TDS the annual
PDS Class II increment may "be . exceeded due to atmospher1c salt concen-
trations close in to the ‘tower. Use of a state-of-therart dr1ft elimin-
ation system (0. 002% or\better) after the first 5 years of operation
would mitigate this 1mpact The ORFAD model teénds to produce conservat1ve
estimates of drift 1mpaqt and can thus be assumed to|yield estlmates ,
that are on the.safenside for the purposes of avoiding!adverse environmental

: j
The analy31s leads to several conclusions:

1. Drlft depos1t10n W111 be at a maximum within a few hundred meters

_of the cooling tower and drop off rapldly beyoni that max1mum

'-12. ‘A fairly large port1on of salt emltted will be transported beyond

- 8 km (5 mile) from the tower due to the effect of|the rapid evapor-
-ation of droplets_ih the dry desert atmosphere. ‘

3. Drift deposition will be somewhat greater on a per unit mass emission ‘
'b381s for the 20, 000 ppm TDS case than for the |4000 ppm case.

4. The PDS Class II 1ncrement for TSP could be exceeded after f1ve
A years if 20, 000 ppm TDS coollng water is used w1th standard drift

e11m1nators : : _ Lo~

b

T

- 5. There will ‘be no measurable impact as long as the drift loss is

controlled to 0. 008% or better.
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5.5.4 Other impacts

|
The major impact of water vapor discharge from the cooling tower
would be aesthetic due to formation of water vapor plumes. Formation of
a visible plume- depends on the temperature énd humidity of the codling
tower exhaust, and of the ambient air. The plume will be most visible
during cool, humid periods such as occur during winter mornings. Local
fogging induced by the cooling tower will be extremely rare. . (ORFAD
predicts less than 1 hour of additional fog per year at any point in the
"vicinity of the tower). Ground icing because of plume impingement on

freezing surfaces is not anticipated to occur.

5.6 NOISE IMPACTS

Construction of the demonstration plant facility, well drilling,
pipeline construction, plant operation, and injectipn island operations
will produce noise levels ranging from around 70 dB(A) to 95 dB(A) at a
distance of 15.2 m (50 ft.) from the source. Construction equipment
used at the site will be the chief source of noise from the project, and
some additional noise .will occur along access routes used in transporting
equipment and workers to the site. )

A backhoe machine that digs trenches with one end and lays pipe
with the other is proposed by the applicant. This procedure makes it
possible to lay up to several km of pipe per day, provided no compli-
cations occur. Noise audible at houses within 152 km (500 ft.) could
oécur as a result of the pipeliﬁe installation, but its temporary nature
reduces its impact to'insignificance.

Heavy equipment used to excavate the evaporation basin would only
be in use for a short time. Noise impacts, therefore, would not be--_
significant. ' |

Operational noise levels at the facility will be less than those
associated with construction, and will be especially audible only'at.
close ranges. Employees of the plant would be the primary receptoré.

Other potential noise receptors in -the vicinity'of the site are
very limited because of the predominance of cultivated agricuitural land

uses and the considerable distances to residences. Even where residents




fspec1f1ed in the Geothermal Element of Imperlal County
‘noise. levels be limited to 65 db(A) at. the property lin

- facilities. N

5.7.l Population

1. All well- -drilling crews will be nonlocal

,case_ M1t1gat10n measures are unnecessary because ther

population impacts. - 3"
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are close enough to hear drlll1ng or construct1on act1v
noise emission would only be enough to cause a m1nor dil

outdoor activities. N01se control will be in compllanc

\
}
\
|
]

5.7 SOCIOECONOMIC EFFECTS

!
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ities, the expected
sturbance during’

e with restr1ct10ns

7 s namely, that-

es of geothermal

A

The estimated work'force required for the project! is 190 during

construct1on and 30 for dally 24 hour power plant operatlons There

w111 be a temporary populatlon increase dur1ng the well drllllng and

local community author1t1es and experience on s1m1lar

generat1on of the follow1ng assumptlons (EIR 1978)

2. Twenty-flve percent of total labor on p1pe11ne co

40% of total labor on power plant constructlon w1l

. from the local labor pool

. The large number of unemployed persons in Imperlal Cou

ready source of labor to flll these positions.

From past experlence, it is ant1c1pated that th(

workers who are brought 1n from outside the area will

fam111es with them. Furthermore, the workers will pr
temporary or rental hous1ng and will normally return t
weekends (EIR 1978).

.The mix of local and nonlocal personnel - for power

there will be an 1nS1gn1f1cant population .increase ge

1
i
i
I

rosste =y ——

. construction phases. Consultat1on with the project developers and the

prOJects led to

|
i -
nstruction‘and'
| be drawn -

nty provides a

> construction

not bring their -

obably liye ln

l

o their homes on

plant operation °

is. undetermined but because the total number of 30 persons is so small,’

nerated in anyo;"'

are no s1zeable‘ L
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5.7.2 . Area economics. =~ . -

'The wage'and.salary income}from employment-at’jobs created‘by the
-progect will be available for potential spending in the local economy
‘ For. those workers who are nonlocal their expenditure patterns will vary '
_‘because workers are expected to maintain re51dences outs1de of the local
economic area. ,.‘ _ N ‘ '
Purchases of certain materials and services. in the locality would

1 be subJect to retail sales taxes , Taxes would also be levied on the

' 'geothermal resource . power plant the land, -the production and 1nJection

wells, and the pipeline system A detailed description of taxing p011c1es.

can’be found in EIR 1979 _ There are costs incurred by various local
government agenc1es in prov1d1ng serV1ces to the res1dents of the area;
however, the costs w1ll not be great because of the. small increase in
permanent population. ' ' _

The economic ‘effects.that are projected would be beneficial in that.:
they would pump money into the local economy. Thus, no mitigation
measures would be necessary. As discussed in sections 5.1.5 and 5.2.1,
9.3 ha (23 acres) of agricultural land will be displaced for the 30-year, |
lifetime of the project. The annual value of the crop cultivated on ’
this land, in 1979, was between $7,000 and $13,800. Alfalfa grown to be'
cubed for dehydrators at 6 tons per acre yields $100 per ton whereas
that grown for baled hay at 4 tons per acre yields $76 per ton (Borton
1980.

5.7.3 Housing

The most significant housing impact of the proposed project will be
the requirements for temporary housing in the local area for nonlocal.
construction and development personnel. 'The types of housing likely to
be required in project area communities include rental units (in conven-
tional structures, motels, and mobile home parks), and facilities for

accommodating the workers own " mobile homes or recreational vehicles

Some temporary re51dents w1ll prefer to share accommodations Because DU

of the housing shortage in Imperial County and the particularly low




|

" number of vacant rental un1ts in El Centro (only O 6% of all housing

units’ in- 1977), it will be difficult to obtain temporary
‘area. This. situation’ 1s;h1ghly-dependent upon interest]
‘building  industry, as ther% i's much planned~residentia1
~hold in El Centro because of the current. economic COndit
number of .new permanent res1dents to the communlty woul
"have a problem finding hou51ng in the area, espec1a11y

‘other than rental quarters

The potent1a11y adverse 1mpact of demand for temporary local hou31ng”

Vbeyond the means of the ex1st1ng market may be m1t1gated

housing in the
rates andvthe

constructlon on

,advance plannlng for hous1ng needs and ' correspondlng hous1ng resource

'-A,requlrements w1th the prOJect proponents, County, and loLal c1ty plann1ng?£lfﬁ-
’ SETE B o=

Vo E i . .

~:off1c1a1s 'h' IR 5

a 5;1.4IfCommunity‘Services and'facilities
_ The proposed demonstratlon pro;ect would benefit th
prov1d1ng additional generatlng capacity. ‘The purchase

f‘tlonal power by the IID would amount to. approximately-a

14% 1ncrease 1n

-the D1str1ct s generatlug capac1ty The small populatlon 1ncrease 1s'v

di'not expected to place a burden on water. and sewer fac111t1es. Water and meE-v DI

-sewage - fac111t1es for ‘the" prOJect will -be provided on %

‘ supplled from the. Dogwood ‘irrigation canal and septrc_t%nks to_be-usedh'

“for d1sposa1 of onsite- sewage ‘Bottled water will be é

1te, with. water

upplied to the =~ .

"l,51te for use as dr1nk1ng water ‘and will have no effect on the existing’

.water systems

‘Existing local health fire, and police" services are expected to be }wc.f

"adequate for the proposed demonstratlon prOJect, and add1t10na1 staff or '

'fac111t1es should not be necessary L1kew1se, educat1ona1 faC111t1es 1n

the prOJect area should not experience any adverse 1mpa:

ts.- Only a few :

' new families might move 1nto the area, 1ncreas1ng schdol enrollment

:sl1ghtly This 1ncrease w111 not be suff1C1ent to justify new fac111t1es.

Constructlon of p1pe11ne to an evaporatlon basin may have an 1mpact “€3

"on services. Some bur1ed cables, other p1pe11nes, and 31m11ar commun1ty-j-”
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|

e,
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purpose activities could.be temporarilggtdfsturbed by the laying of the
proposed pipeline across them. Such impacts on a very few services/
fac111t1es would be insignificant because of the 11m1ted area 1nvolved
and t1m1ng requlrements for the 1nstallat10n of the pipe. | It is expected
that Imper1a1 County would ‘be compensated by the app11cant for mlnor -
repalrs “that mlght be’ neceSS1tated by trench1ng and p1pelay1ng across

.

such fac111t1es

5.7.5 .Transportation systems -

The most s1gn1f1cant impacts to transportatlon posed by- the demon-

' strat1on prOJect will be 1ncreased commuter traff1c and heavy equlpment

fpartlcularly during the constructlon phase. - To m1t1gate the trafflc :;

3'1mpacts, carpoollng -of dr1111ng and construction crews mlght be under-

3_taken in order to decrease the number of commut1ng veh1c1es com1ng 1nto

" ‘the prOJect area on workdays. Also, staggering dr1111ng and construct1on

"crew work shifts could mitigate trafflc problems during. the early mornlng

and late afternoon hours. Rail and air transportation into’ the - proJect
:area will not be adversely affected. '

If the evaporation’ bas1n and pipeline alternative are selected 10

o pof 12 limited use publ1c roads southwest of Heber could be d1sturbed by

8
"pavement-cuts in trenching, depending on the exact route ultlmately

“chosen for the p1pe11ne. Boring a small tunnel under each of these

roads would eliminate the need for pavement cuts, but such an alternatlve

‘action .might be proh1b1t1vely expens1ve§compared to 51mp1y compensat1ng

Imper1a1 County for the minor costs of repa1r1ng the cuts.

_5.8' CULTURAL RESOURCES e

The absence of documented archaeolog1cal resources or hlStOth

sites in- the project area essentlally precludes any 1mpacts (sect 4. 8)

‘ﬁowever, the exact locations of the poss1ble evaporation ba51n and.

'pipeline are not known at this time, and the1r impact on cultural resources

" cannot be determined. A more speC1f1c determ1nat10n of potent1a1 effects

W111 be made if and when the exact. locatlons are selected
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5.9 AESTHETICS

Due to the flat terréin of the project a;eé'énd the physical nature’

of the proposed project, the impact on visual resources

project area will be cons1derab1e The greatest impact

from the 1oca1 perspectlve, w1th regional impacts derix

the effect on vistas acrqss the section of the valley

project area. The development would not constitute a

disruption of unique or irreplaceable visual resources. |

Many visual impacts w111 be temporary, such as the

iin the immediate
will be perceived
red largely from .
‘containing the |

,consumption or

1ntrus1on of the

vertlcal drilling rigs 1nto an otherW1se unlnterrupted horlzontal landscape.

There are already some vert1ca1 1ntrus1ons in the envi

telephone and utility polgs and occasional trees.

ronment, such as

1

I

Well and production island design can- be engineereﬁ to minimize the

'v1sua1 impacts by keeplng as close to grade level as po§s1b1e

Cooling towers and evaporat1ve steam plumes at t

would cause the most significant visual impact. When

steam plumes may range f%om 15.2 to 30.5 m (500 to 10%

from the tops of the 15.2 (50-ft) tall cooling towers.

‘facilities at the site would have comparatively low pro

“Electrical power to}be transmitted along the éxﬁ

. . P .
Irrigation District transmission carridor along Dogwo

generate no new impact.

All impacts are soméwhat mitigated by the project!

major population centers.. Besides mitigation measures
the visual impact of the above ground pipes will be les
them earth~tone colors so that they will blend in wit

environment.

5.10 ACCIDENTS

The proposed project has the combined accident

geéthermal energy sourcefand an electric power plant,

he power plant:
visible, these
ft.) in height
f Other nécessary

;iles.

sting Imperial .

%d'Road would

i

s distance from

already discussed,
sened by painting

b the existing:

potential of a

increased by the

Be

objective of the proposed action is demonstration -of- t

presence of a highly flammable hydrocarbon mixture.

cause an important
he safety of the

‘integrated system (Secthn 3.7.2.8), the design will ;ncorporate both

|
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common and unique safety features as well as instrumentation for monitoring

and recording the operational parameters necessary for maintaining
industrial safety. In the event an occupational accident does occur,
damagé should be confined almost exclusively to the isolated occupational
environment, with little danger to property or persons external to the

project site.

5.10.1 Well blowout

Impacts of a well blowout will_ﬁépend on the magnitude of the
event. Because the Heber resource is of moderate témperatu:é and located
at :a relatively shallow depth, severe blowouts are not likély. For all
but the most severe blowout, impacts would be slight or negligible
because most of the geothermal fluid will bé contained at fhe production
or injection islands by 0.45 m (18 in.) berm. The fluid can be disposed
of after the accident is brought under control (sect. 3.7.2.2). Air and
water'quality'could deteriorate temporarily as a result. of accidental
release of geothermal fluids.  The dispersal of salt-laden drift from
the spray associated with a well blowout could impact.nearby farmlands
as well as aquatic and terrestrial ecosysteﬁs, but the effect should be
negligible for all but the most severe blowout. A severe blowout would
involve uncontrolled flow of significant amounts of hot water into
nearby areas with resultant thermal pollution, erosion, and possibly
surface cratering. Surface cratering is highly unlikely because of the
moderate pressures and temperatures of the Heber resource. The largest
probable area that could be directly affected has been estimated to be
5 ha (12 acres) (U.S. DOE 1979).

5.10.2 Power plant accidents

The most likely power plant accidents involve upsét conditions
(Sect. 3.7.2.8) and the consequent vulnerability to an ensuing fire or
- explosion. Use of the highly flammable binary fluid increases the fire
or .explosion hazard. However, demonstration of safe operation and
development of techniques for safe héndling of the fluid is one of the

primary aims of the project. Because the plant is located outdoors, the
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likelihood of a severe mishap is decreased. As with weil blowout, the
impact of an accident shodld be confined to the plant aéeapwith little
serious effect in the- external environment. f

Close attention to plant personnel safety training w111 be 1mportant
if accidents” are to ‘be averted Procedures for proper bhandling of
constructlon materlal such as the chemicals used in dr1111ng (i.e., L
‘caustic soda) can avert the potential for occupational 1n3ury Because
‘the geothermal fluid will c1rcu1ate in a closed loop W1thout contactlng
the atmosphere, the maJor occupational hazard assoc1a€ed with more
conventional geothermal energy productxon, HZS em1ss1on;and abatement,

will be e11m1nated s -% .

5.11 UNAvoxi)AisLE_ ADVERSE IMPACTS R

\

Table 5.4 contalns a; summary of unav01dable adverse 1mpacts and
their significance. The assessed Federal action will : result in no
s1gn1f1cant env1ronmental 1mpacts as long as m1t1gat10£ and control
measures (outlined in Table 5.8 and d1scussed in Sect. r 6) are 1mp1e-
mented SDGSE "will 1mp1enent%a11 necessary m1t1ga;1on and1control T

measures. ' ¢ G f .
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‘ Table 5.4, Unavoidable adverse impacts

Air quality {operation)

Resource depletion

induced subsidence

Induced seismicity

Impacts caused by soils and
surficial conditions
Displacement of prime

farmlands

Damage caused by earthquakes

Damage caused by floods

Accidental contamination of
soils and groundwater

‘Water depletion--

Effluent discharge

Thermal enrichment

Water withdrawal from

agricultural drain

Salt drift on croplands

* Salt drift on natural vegetation

Terrestrial ecology

Gradual fluid and thermal depletion
of reservoir

None projected, lacal alteration
of drainage systems and
agriculture possible

None projected

None, corrosion or bearing failure
possible if unmitigated

Displacement of approximately
23 acres of prime farmland

Slight damage

None

None projected, slight
deterioration possible

Reduced water available for
irrigation

' Potential water quality

change in the New River

Potential increase in New River
aquatic weed growth

Drain flow drawdown, potential
water quality degradation
and altered instream flow

Salinization of soils and foliar
damage to crops

Salinization of soils and elimination
of salt-intolerant species

50 ha of native desert vegetation
removed for evaporation basin
{one option for blowdown disposal
after first five years of operation)

No, as long as drift eliminators (0.008%
loss or better) are used -

- No, mitigated as much as possible

No," will be monitored and if detected
mitigated

No,? will be monitored and if detected
mitigated .

No,? mitigation will eliminate or
minimize impacts

No, design has minimized impact as much
as possible -

No, facitities will be adequately designed

No

No, will be mitigated if detected

No, as long as water allotment is
controlled by 11D

No, as long as CRWQCB mitigation and
monitoring requirements are followed

No?

No?

No,? as long as drift eliminators (0.008%
loss or better) are used ’

No.? as long as drift eliminators {0.008%
loss or better) are used

Qualified No,? survey of area for rare
or important species will confirm

Issue impacts Slgr::su;::zt - Sections
Land use 9.3 ha (23 acres) will be consumed - No 5.2,6.2
Noise Minor increase in ambient level No 56,66
Population Negtigible increase No » 5.7.1,6.7
Housing Negligible increase in demand No 5.7.3
" Transportation Very minor increases No 5.7.5
Cultural resources None No . 5.8
Aesthetics {construction) Minor visual impact No ‘89 f
Aesthetics {operation) Minor visual impact . No i 59
Air quality {well construction) Increase in TSP, SO,, CO, HC, NO,, No 5.5.1
. H,S .
Air quality (plant construction) Increase in TSP, CO, HC, NO, No ‘ 8.5.2
Emission of particulates and salt drift 652,553

5.1.1,6.11

5.1.2,6.1.2

5.1.3,6.1.3
5.14,6.1.4
5.1.5,6.15
5.1.6, 6.1.6
5.1.7,6.1.7
5.1.8,6.1.8
5.3
5.3,6.3

5.4

5.3,6.4,6.3,6.4

5.2.2

5.4.41

5.4.1

#Impact occurrence is unlikely or highly unlikely. Will be mitigated when and if detected.
bpMonitoring during the first five years of operation will produce the data for establishing mitigation measures for the remainder of

the plant life.
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6.

DOE will require the industrial partner to be r

MITIGATION MEASURES AND MONITORING PLANS

}
;
|
i

ésponsible for

implementing several specific measures to mitigate'thg impacts of the

proposed action. Iniadd;tidn, DOE will monitor- the pi1
that impacts are within the predicted range of signific
m1tlgat10n measures are reduc1ng the impact of the proj
activities indicate that;the mitigation measures are n

that additional unforeseen impacts are resulting from

oject to verify
ance and that ‘the
kct. If monitoring
ot sufficient or
the project, DOE

annot be mitigated,

will develop new mitigation measures.

. If the impacts-¢

-DOE will reevaluate-the:ﬁroject in light of the new information.

6.1 ~GEOLOGY, GROUNDWATER, AND SOILS

'6.1.1 Resource depletioc

Rates of both temperature and pressure depleti%

geothermal resource are not known precisely.

h of the Heber

InJectlon of 100% of the

fluid extracted, which 1s the alternative that Chevron prefers and the

one that Imperial County requires, ameliorates depletlgn

In addition,

. reservoir model optimization studies conducted by Chevron indicate that

the preferred site for the injection island would most
~depletion of the resource (EIR 1978). As production
obtained and the resource becomes better understood, C

to develop methods that will utilize the resource even

6.1.2 Induced subsidence and uplift

Although Chevron's preferred alternative of inje
fluid withdrawn greatly limits the risk of harmful ind
uplift, it is possible that such Subsidencc or uplift
~locally. No mitigation other than 100% injection is

monitoring reveals thatfinduced subsidence or uplift

accordance with ‘the Imper1a1 County Geothermal Elemen

is occurring.

effectively limit

experience is

J
hevron may -be.able

more efficiently.‘

cting 100% of the

uced subsidence or

may still occur

necessary unless

In

t, monltorlng for

subsidence and upllft w111 include a network of stations con51st1ng of

155

[



156

53 km (334milés) of survey lines and about 50 benchmarks. This network
will cover the Heber geothermal anomaly and its vicinity, and monitoring
will be conducted every three or six months during initial production.
After initial production, (approximately two years) monitoring will be
done annually.: Imperial County, in"conjunétion with the;California
Division of. 0il and Gas, will determine the significance ofséqy induced
- subsidence or uplift and will also determine the mitigation necessary.
In all cases,sdetectioh of significant induced subsidence-or uplift,
which will be.determined by Imperial County, will result in intensified
monitoring including more frequent and more detailed leveling. Lower
production and injection rates or other alterations in field practice
(described-in Sect. 5.1.2) may be required. To mitigate surficial
impacts, filling or grading might be necessary to maintain irrigation
canal and drain gradients. This is normally done on a regular basis in

Imperial Valley to mitigate natural subsidence effects.

6.1.3 Induced seismicity

A Althoughjéignificant induced seismicity is not anticipated,since
‘injectionfpreésures will cdmply-with permitting requirements of the
'Ca}ifornia Division of 0il and Gas, monitoring is necessary:to detect
any that might occur. Chevron plans to place a seismic net in this area
before production begins. The net is required by the geothermal element
of the Imperial County plah; it will provide necessary data on baseline
‘seismic activity and any‘deviafions that occur dhring periods of.power
production. } R | | ‘

If the California Division of 0il and Gas or Imperial County estab-
lishes that seisﬁicity during geothermal production vﬁrigs signifiéantly
from the baseline activity, it will determine what-mitigation must be
implemented. A program consisting of alternate periods of shutdown and
fuil operation to demonstrate a statistical relationshipibetweeﬁ seis-
micity and field development or computer modeiing,'using accumulated
engineerihg data, could be undertaken to determine whatlmeasuré; are
necessary as recommended in EIR (1978) and EIR (1979). Injection rates
may have to be reduced, injection wells may have to be backwashed to
eliminate(clogging, additional injection wells may have to be drilled,

or operations may have to be halted.
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;
) : i
6.1.4. Soil impacts, erdsiom, corrosion, and bearing failure

. . e b 2y e
To avoid impact caused by the limiting characteristics of soils in

the Heber area,‘mitigation'Will'be incorporated- in'the design of project
facilities, as discussed in Sect. 5.1.4. Gathering l1nes will be pro-
tected from soil’ contact, and sulphate-resistant concrete will be used
to prevent corrosion. Undesirable soils will: be rem%ved ‘and replaced

w1th more desirable s011s or will be consolldated byymeans of surface

_load1ng prior to bu11d1ng Pile foundat1ons can utr11ze the cohesive

propert1es of the s01ls, and thlcker structural members ‘can compensate

~ for weak soils.’ Shallow subsurface soil bearing characterlstlcs will be‘

1ntens1ve1y 1nvest1gated before facilities are des1ghed, part1cu1ar1y

‘the turbine foundation. Careful design and grading, as well as avoidance

of cut-and fill~ technlque when poss1b1e, will m1n1m1ze the poss1b111ty

of ser1ous erosion or slope fa11ure ' f

13

i
i

'l6.1.5 .Displacement of‘prime farmland>soils o | ' R

ul '
’|

Some soil c1a351f1ed as prime farmland is 1nevﬂtab1y d1sp1aced if

'the Heber geothermal resource is developed M1t1gat10n to m1n1m1ze the

amount removed from agr1cu1tura1 use for prOJect activities has been a
major cons1derat1on throughout site planning. Chevron is locatlng all
productlon we11s on one 1s1and and all injection wells'on another to
m1n1m1ze the space requ1red for these activities and to“provide access
to them Fluid transmlss1on 11nes will be bullt a101g the right-of-way
of ex1st1ng roads so that add1t1ona1 roads will be unnecessary, and

existing transmission corr1dors will be utilized.

6.1.6 ADamageScaused by earthquakes

Mitiéation §111'bé incorporated in the design of all the fac111t1es

to minimize ‘the risk of damage from a significant earthquake " One

design will require facilities to withstand an effective peak acceleration
of 3.9 m/s? (0. ag) and’an effective peak velocity- oflO 3 m/s (12 in./s)
(Sect. 4. 1.3). A current ‘technically reliable source of design data is

available in the report "Tentative Prov1s1ons for the Development of

Seismic Regulatlons for Buildings" (Applied Technology Council -1978).
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" An objective study of the capability of structures to withstand ehrthquake- .
induced ground failure.will be completed during the design phase, and
recommendations of the study will be incorporated into the structural

design of project facilities.

I

6.1.7 Accidental contamination of soils and groundwater

Contémination is uﬁlikeiy because of mitigation measures incorporated
1n the site plann1ng by Chevron and San Dlego Gas and Electric. The
system of trenches, sumps , and berms that Chevron and SDGS&E propose will
isolate contamlnated fluids and prevent them from infiltrating soils and
groundwater (Section 3.7.2.8).

Regulations from the U.S. Eﬁvironmental_Protection Agency will
require states to implement an underground injection control (u1c)
program. Under the ﬁIC program, geothermal injectioh wells are to be
regulated as Class IIT wells which w111 make them subject to construction,
_operating, monitoring, and reporting requlrements (Fed. Register 1980).
These requirements are similar to or the same as those presently implemented
by the California Division of 0il and Gas with the additional requirement
that wells adjacent to the injection site be monitored quarterly.
Chevron will comply with the requirements of the UIC program when it
becomes effective. ' | |

If monitoring 1nd1cates that contamlnatlon of shallow groundwater
is occurring, mitigation will depend on the level of contam1nat1on
Because of its poor quality, shallow groundwater is not used for any
purpose; therefore, contamination may not be significant enough to
requife mitigation. In all cases, shguld contamination be detected,
monitoring activity will be intensified and, if it is not already known,
the source of contamination will be identified. The California Division
of 0il and Gas, in cooperation with Imperial County, will determine
whether the-problem well needs to be reworked or plugged, or if other

actions are necessary.
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6.2 LAND USE

6¢2.l Displacement of agricultural land

The removal of about 9. 3 ha (23 acres) ‘of prime farmland from
production (as discussed’ in Sect '5) could be partially mitigated by

plac1ng 9.3 ha (23 acres) that are not under cultivaticn:into production

The applicant cannot order placement of substitute acreage ‘into agricultural

'product1on, but, presumably, the release of water now committed to.

agrlculture at the plant ;site ?br use elsewhere would prec1p1tate such a
substitution .The EIR (1978) discusses this" poss1b1114y

Other adverse 1mpacts on land use (and noise and aesthetics) W1ll
be sabstantially m1t1gated by élocating power plants and pipelines away

from sensitive areas, aS;lS currently planned (EIR 197§).‘“

6 2 2 Effects of salt dr1ft on croplands

| ‘ 5
There are three approaches to mitigating potentiaﬂ adverse effects

on croplands which may result from salt depos1t10n from the cooling

_ towers One approach would be to reduce_the amount,of,saline_drift from

’ the cooling towers ThlS may be accomplished by either reducing. the

sa11n1ty of the c1rcu1at1ng water (and thus reduc1ng the salinity of the

drift) or by decreas1ng the rate of drift loss, or both At the Heber

'plant maximum salt dep031t10n results from using agricultural .return

flow or New River water of about 5000 ppm salinity for makeup water. If

IID irrigation water at 1000 ppm salinity were ‘availabllée for the entire

voperating life of the plant, the salinity of the drift would be reduced

by a factor of five Drift salinity may also be reduced by using fewer
cycles of concentration Presently, four cycles of concentration are

proposed at the binary demonstration plant; by using two cycles of

,concentration, the salinity of the drift could be- rgduced by half.

Finally, salt dep031tion‘cou1d be decreased by reducing the drift loss
rate Cooling towers are also available which disperse drift over a
larger area, resulting 1n lower salt . deposition on any one given area.

One such alternative wh1ch would be appropriate in the Imperial Valley,.

would be circular mechanlcal.draft towers which have a drift loss that

approximates that of a natural draft cooling tower. l

: @ i
i : f

-
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M1t1gat10n of effects of salt dep051t10n may also be accompllshed

to some extent by approprlate management of the cropland In the Imper1al-*

Valley, croplands are presently managed to reduce effects from salini- -
.zatlon as a result of using IID 1rr1gat10n water of about 1000 ppm. The
maJor control method is to leach the salts from the rootlng zone by
.applylng 1rr1gat10n water in excess of crop needs and dra1n1ng the
‘excess V1a an eff1C1ent underground t11e drain system HOWever, the,
maJorlty of the ‘soils in the project vicinity are presently at or very
near thelr maximum leaching capac1ty.; Other_control measures avallable
inclide planting estremely salt toierant crops, and using special tiiling;
tfurrow1ng and plantlng methods to ensure lowered sallnlty durlng the.
cr1t1ca1 germlnatlon period (IID no date; R1chards 1969).

A third p0581b1e m1t1gat10n SCheme would consist of ret1r1ng the
_affected cropland from agrlculture and converting an equal acreage of

unused land around the periphery of the irrigated zone into_cultivation

by allocating the released irrigation water to the new site (as discussed

in'Section 6.2.1). This’mitigation scheme involves preparation of the
new land ineluding installationlof drainage tiles, land leveling,land A
v installation of a water distribution system. .Additionally the legal and
institutionai mechanisms to achieve this mitigation may not be avaiiablef

The three possible mitigation measures are not environmentally

equal. The control of salt drift at the source is definitely preferabie y

in terms of environmental considerations (e.g. it would create the least
disruption of the existing environment). SDGSE will control the salt
drift at the source for at least the first five years of operation by
emoloying drift eliminators designed to control driftiloss to 0.00B%lor‘f
less and using relatively low-salinity IID water (Sect. 5.2.2). During
this period, SDG&E will conduct an impact assessment program, including’
field studies and monitoring activities, to characterize the cooling
tower drift patterns at the project site. - Data acquired will be.nsed to‘
~ determine design or operating measures needed to maintain salt'deposition
impacts at an insignificant level when agricultural return flow willlbe |

used for cooling water make-up, e.g. for the remaining plant life. .




6.3 "SURFACE WATER

L 1mpacts on surface water
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;6,3.1 Hydrology and'watEr onallty-

Compllance w1th the Ca11forn1a Reglonal Water

.Board's (RWQCB) waste d1scharge requ1rements w111 ‘sub

which also serves as a Nat1onal Pollutant D1scharge E

'(NPDES) permit, the RWQCB will establish discharge

comPOS1t10n of the blowdown effluent from the 50- MW

prOJect (Swajian 1979)

agencies and 1nterested petrsons to determine if thes

protect water quallty and other associated parameters

'aquatlc biota, and recreatlon
~the waste discharge permlt should preclude the need f
requlrements (Table 5.1, Section 5.3). A

To ensure successful mitigation of impacts to t
California Department of Fish and Game (DFG) has requ

hen81ve energy development plan for the Imperial Valle

allow maximum energy deyelopment while minimizing adverse effects.

' Before 1SSU1ng a waste dil

Therefore, the limita

Quallty Control

stantlally m1t1gate

scharge perm1t
limination System

11m1tat10ns,for

e demonstration

These 11m1tat10ns will be reviewed by State

e 11m1tat10ns W1ll

L i.e., water use,

tions contained in .

or further m1t1gat10n

he Salton Sea, the ,
ested that a compre-
ey be formulated to
The

DFG _proposes that these‘objectives be to (1) preserve the sport fishery

of “the Salton Sea by keep1ng salinity below 40,000
lands adjacent to ‘the Salton Sea, both resort and a

flooding; and (3) develop uses for excess Salton Seal

The proposed means of meetlng these obJect1ves are. gi

The RWQCB permit,
-Company plant (SCE)'(Tahle 5.1), contains ‘a section s

strlngent water- quallty requlrements are. establlshe

| as applied to the Southern G

ppm; (2) protect
gricultural, from
water (DFG 1979).
ven inlDFG'(1979)
a11forn1a Edison .
tating that if more |

i or shown to ‘be fd 4

necessary for protectlon of water quallty and aSSOC1ated factors, these K

requlrements will replace those in the perm1t (Swa31a
Monitoring, as outl1ned in Table 6.1 for the S

" stration project, w1ll be s1m11arly applied to the

’n 1979)

CE 10-MWe demon-t »
50- -MWe fac111ty

vTh1s will e11m1nate the need for additional water q!
,requlrements

‘downstream from the d1scharge to the New R1ver w1l”

juality mon1tor1ng

i
However, mon1tor1ng of the water temp%rature 9 m (30 ft)

be - 1nst1tuted 1A'

_transect across the r1ver at 0. 3 m (l ft) 1ntervals would ‘be- most effectlve

‘ ;
!A

r
H
\
\
{

[
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Table 6.1. Potential Regional Water Quality Control Board
requirements for blowdown monitoring from the’
45 MWe Heber facility as applied to '
Southern California Edison’s
10 MWe demonstration plant

Values will be reported in mg/L
unless otherwise indicated

Constituent Tybe of sample - Sampling frequency

Effluent monitoring®

Total dissolved solids Grab . . Weekly

Flow, gpd ~ Averaged dally " Reported monthly
pH, units Grab- - Weekly
Coper . . Grab Weekly
Zinc Grab ' Weekly
Lead : Grab - Weekly
Suspended matter Grab o ~ Weekly -
Settleable matter Grab Weekly
. Total chromium Grab v Weekly

Total chlorine - Grab _ . Weekly
| o Reoeiving water monitoringb .

Temperature, °C (°F)° . Grab Weekly

2 Effluent monitoring: Wastewater discharged into drains will be
- monitored for the constituents listed. All samples will be taken between -
6 AM and 6 PM. A sampling station W||I be established at the point of
dlscharge and will be located where representative samples of the
effluent can be.obtained. ~
Recelwng water mon/tormg Water in the New Rlver will be

monitored for the listed constituents. All samples will be taken between
.6 AM and 6 PM. A sampling station will be established where
representative samples of water can be obtained.

Temperature of the receiving water shall be taken within 9 m (30 ft) -
upstream and downstream of the point of dlscharge '

Source Swajian, 1979
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_ |

. in verifying the location of the thermal plume and toiensure contrnued
compliance with the :3°C (5°F) temperature increase limitationm.

In-stream flow requlrements to be established. before issuance of a

RWQCB water withdrawal permit for full-field development and the permit

~requirements promulgated after review by various state agencies w111
ensure that all measures necessary to minimize surface water impacts to
the New River will be taken by the applicant (Turnen 1980a). These
permit requirements w111 apply to water to be w1thdrawn from the New (
River for cooling after five years of operation of the 50-Mve demonstratlon
project as well as the 500 MWe full-field development (Sects. 5.3 and
7.3). The permit also covers monitoring necessary to ensure compliance

with the permlt s requ1rements g I

6.3.2 Water use

The New River is protected for the beneficial uses'of noncontact
recreation, 1rr1gat10n,Astock watering, and for warm,«freshwater habitat-
-(Sect. 4.3.3). These uses will be protected by the RWQCB effluent dis-

| charge ‘limitations, | wh1ch should prevent S1gn1f1cant‘changes in water

quality and temperature downstream. Considering the] limited fishery

.above Seeley, the poorjhater quality in the Clark Réad vicinity, and
limited beneficial uses of New River water, the 50-';e project should

have ‘little impact on wéter use in the Heber area.

6.4 ECOLOGICAL SYSTEMS?

6.4.1 Terrestrial ecology

Native vegetation, and thus wildlife habitat, will be disturbed

only if the method chosen for d1sposa1 of saline coolling tower blowdown

is an evaporation basin. A maximum of about 50.5 ha (125 acres) of
native desert vegetation will be eliminated by construction of such a
basin. The lined evapdration basin will be fenced and kept clear of
vegetation to d1scourage its use by wildlife and waterfowl The basin
is not expected to have adverse effects on waterfowllor other wildlife.

_ If the basin disposal alternat1ve is chosen, a survey of the proposed
locatlon will be conducted to minimize effects on 1mportant wildlife
habitat.
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Potential effects of salt drift on natural vegetation along the New
River should be negligible from 0.008% drift. Methods fo reduce salt
drift are discussed in Sect. 6.2.2.
Because the predicted effects on ﬁerrestrial biota are minimal, the
commercial partners do not‘anticipateighe need for a mdnitoéing program

in this area.

6.4.2 Aquatic ecolegz

1

: Impacts to the New River associated with the 50-MWe demonstration
prdject will be substantially. mitigated by the requirements of the

CRQQCB waste discharge permit (see Table 5.1) for protectidn of.surface
waﬁers (Turner 1980b). Because of the restrictions'on diseharge composition
and the sparse pollution-tolerant fauna in the New River, further mitigation
needs should be minimal. However, if grewth of aquatic weeds proves to
beiunecceptéble,’COntrol measures may be required; There should be no
imﬁacts on the biota of the Salton Sea that require mitigation.

Monitoring required by the CRWQCB waste discharge permit and the

‘adherence of San Diego Gas and Electric to the effluent limitation for

blowdown composition should eliminate the need for additional monitoring

of the biota in the New River. Fish in the Salton Sea are monitored as

_time and funds permit by the California Department of Fish and Game

(Turner. 1980c). Monitoring instituted by the applicant. would best;be

coordinated with the appropriate'State and Federal agencies.

6.4.3 Rare and endangered species

Construction and operation of the Heber Binary Demonstration Plant
should not affect any State or Federally des1gnated rare or endangered
species. If the evaporatlon basin d1sposal alternat1ve is chosen, the
proposed location w111 be surveyed for any rare or endangered species

11sted at that t1me and the basin w111 be located outside of those areas

Vfound to be habltats for rare and/or endangered speC1es

>




-~ 6.5 AIR RESOURCES : !

"6.5.1 Geothermal well emissions A f . N

'v6.5.2'-Power plant emissions . , r

- .mineral particulates conta1ned in the cooling tower dr1ft droplets.

;specifications Dr1ft emlsS1ons can range from 0.1 to 0. 001% of the

H11m1t1ng drift em1SS1ons to 0.002% or less.

3‘, 165 o

i

Dur1ng productlon,vem1ss1ons at geothermal wellsfare essentially
zero. Occasional vent1ng of gas from a well to the atmosphere dur1ng

maintenance periods releases minute amounts of st. 'These emissions

will have no significantjimpact on air quality. . AF

i

A

I

The maJor pollutant of concern assoc1ated with the power plant is

Drift emissions and the resulting salt depos1t1on can be mitigated in

several ways. One way 1s to limit drift emissions through performance

total circulating cool1ng water; current cooling towers are capable of
!
For the first five years of operatxon, drift losges w111 be controlled
to 0.008% or less of cool1ng water circulation. Th1s w111 ma1nta1n TSP §
concentrations within acceptable limits (Sect. 5.5.;). Probably an

equally effective means: of limiting salt drift is to 11m1t the total
dissolved solids content of the makeup water, as welﬂ as the number of

times the cool1ng water is circulated through the tower before' it is

discharged. However, 11m1t1ng ‘the number of cooling cycles will increase

“the volume of cooling water required by.the project.

The commercial-partners are presently developing an air-quality

mon1tor1ng program. Plans will also be developed to include monitoring

- of salt depos1t10n on croplands near the towers during the early. years

of operation thh,IID‘makeup water. The results will|be used to determine

levels of salt drift and to predict whether salt deposition will be high

enough to cause adverse effects when h1gher salinity makeup water must

‘be used. Appropr1ate m1t13at1on w111 then be 1nst1tuted as appropr1ate

v
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6.6 NOISE

The relatively insignificant noise impacts of the pfoject,noted in
Sect. 5.5 could be mitigated by limiting work to daylight hours; using
diesel electric drilling rigs, sound barriers, selected routing of
construction-related traffic; and ensuring, by land use contfol, that no
noise-sensitive receptors are allowed to encroach within an épacceptable

distance of the geothermal facility.

6.7 SOCIOECONOMICS

Scheduling construction activities to avoid duplication of crews
would mitigate population impacts and reduce demands for scarce housing.
Advance planning and a building program or local a;commbdations of
temporary housing would also lessen housing demand. Methods such as
tréining'programs to facilitate use of local labor would further reduce
the demand for housing.

Carpooling and staggered work shifts for drilling and construction
crews would mitigate the commuter-traffic impact. The socioeconomic

impacts of the project are discussed in Sect. 5.7.

6.8 CULTURAL RESOURCES

As stated in Sect. 5.8, the absence of documented archaeological or
historical resources in the prbject area essentially precludes adverse
impacts. If previously unknown archaeological resources are uncovered
during the drilling and construction phases of the project, project
activities will stop until the State Historical Preservation Office has
been contacted and the appropriate action taken (resource excavation and

recovery, etc.).

6.9 AESTHETICS

Visibility of cooliné towers and steam plumes at the power plant
cannot be decreased béc&use of the terrain on which they are located.
Other visual impacts will be lessened by strategic landscaping and use
of earth-tone colors for aboveground pipelines. The aesthetic impacts

of the project are discussed in Sect. 5.9.
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6.10 ACCIDENTS 1

Accident preventlon w111 be encouraged throughout the project's_

ot
%

- lifetime. by 1ncorporat1ng safety features 1nto the pro;ect deSign and'by
1mplement1ng safety measures 1n the constructlon and operatlng procedures

: In the un11ke1y event of a blowout all reasonabl; efforts ‘will-be

" made to rega1n control of the well M1t1gat10n would consist of pour1ng ‘

mud, grout .or water into the borehole to k111 the uncontrolled flow,
or, 1f this; fa11ed dr1111ng of a re11ef well wh1ch could take severalf
weeks If necessary,“surf1c1al flow would be dlverted to ex1st1ng '
dra1ns to 11m1t impacts to adjacent agr1cultura1 areas After the blow-
out 1s k111ed, accumulated water at the site w111 be hlsposed of by a '
method acceptable to respon31ble Ca11forn1a and Imper1a1 County agenc1ess
M1t1gat10n of cas1ng failure would consist of haltlng dr1111ng,
1n3ect1on, or product1on of the malfunct10n1ng well and undertaklng
workover procedures If the workover is unsuccessful the well will bef
plugged and abandoned 1n accordance with regulat1ons af the California

D1V1s1on of 011 and Gas
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”xmtechnology ‘to utlllze thewresource .and that developmen

ledevelopment for the abovedplant and for the water trea

7.
'THE HEBER ANOMALY

S

Imperlal County overlles a maJor geothermal heat

than 10 000 MWe of power, of which 4500 MWe of electrici

as feaS1b1e for. development over the next 40 years (Geo;

«11977) The Heber Known Geothermal Resource Area (KGRA),

'tfabout 23 000 ha (58, 000 acres), has a prOJected capac1t

POSSIBLE FUTURE DEVELOPMENTAL ACTIVITIES}AT

ource ofnmore:
Ly arelprojected
thermal Element .
wh1ch occupies

'y of 5000 Mie

(Geothermal Element 1977),‘although the- USGS estlmates a‘30-year generat1ng:'

'*capab111ty of about 1000 MWe (USGS 1978)

_ }-(CUP) has been 1ssued by Imperlal County for planned geothermal development:“ L
:'ud'w1th1n an area of 2960 ha (7320 acres) spec1f1ed by thé .

uVHeber geothermal (G) overlay zone.

A cond1t1onhl use perm1t

county as the

Results of exploraflon and well
f;»dr1111ng have demonstrated proven reserves (proven reserves are that
Vf,fportlon of a reservo1r that can be economlcally utlllzed w1th present

: 1}technology) at Heber of at least 500 MWe of. capac1ty (SDG&E 1979)

~ Full- f1e1d development of the Heber resource. is not part of the NF” :

v}»proposed Federal action.

(’sector, 1rrespect1ve of the Federal action.

‘even 1f DOE - d1d not fund the Heber Geothermal B1nary-Cycﬂe Demonstrat1on “i;hfh

"fPrOJect

vwould beg1n-somet1me in the early-1980s. Chevron has

|

‘At the present time Southern California Ed1son (SCE) is

4
|
t

It is being act1ve1y pursued 1n the commerc1al _
SDG&E ‘has 1nd1cated that At -

Tfhwould pursue the development of geothermal resources 1n the Heber anomaly

SDG&E _has 1nd1cated that they would use flash and blnary

tal act1V1t1esf : .
CUP- for field = -
ment facility.

in the process

' of obta1n1ng the rema1n1ng requ1red permits for its plan

at Heber, and constructlon“1s scheduled to begin in 1980,

7.1 INTRODUCTION

Plans for fullefield‘development of the Heber geotl

“electric generation, although not yet f1nallzed call for construction

and ‘operation of seven power plants along with all of

ned 50-MWe plant

lermal field for

the associated

Two of

access roads, and water treatment facilities.

u
{
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. aux111ary equipment such as wells, pipelines, power transmission lines,

the plants of
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approximately 50-MWe capacity each are projected as utilizing the binary ‘
cycle whereas the remaining plants, of either 50- or 100- MWe capacity,

are expected to employ the dual- flash cycle. As presently envisioned,

seven fac111t1es are phased to come on-line at intervals between 1982 °

and 1989 'SCE is currently obtaining all the permits requ1red for con-~

struction and operation of a flash plant at Heber and plans to begin

R

constructlon in 1980.
7.2 SITE LOCATION AND'DESCRIPTION

The full field development is expected to be located completely ‘
w1th1n the same G-overlay ‘'zZone' as the. Binary Cycle Demonstration Project
‘(Fig. 7. l) Ex1st1ng plans call for the seven power plants to be clustered
1n the central portion of the prOJect area, each plant’ being supplied by
its own production 1s1and " The plants are connected by about 19.3 . km
(12 m11es) of pipeline to- eight peripherally located 1n3ection islands.

A water treatment fac111ty will be located on a site within the flood-

-'plain of ‘the New River The aSSOC1ated 1nJect10n 1s1and w1ll be. located

" outs1de the. floodplain, 1mmed1ately north of the . facility (EIR 1979)

It is ant1c1pated that fac111t1es (plant plus. production and’ 1nJect10n
1slands) for each 50 MWe of electric generation w1ll require about 3
10.1 ha (25 acre). The 500 MWe of capac1ty should thus require about
101 ha (250 acre). Addltionally, the water treatment‘fac1lity‘W1ll
tequire 8.1 hé-(zo acre) for the initial module, 1.1 ha (2.75 acre) for
the 1n3ection ‘island, and about 6.1 ha (15 acre) for each’ additional
Vmodule Because plans call for about one. module for each 50 MWe of
generating.capac1ty, the expected land ‘area required for treating river
water for thelfull-field development will be about 64 ha (158 acre).
The total land for both electric'generation and water treatment comes"to
approx1mate1y 162 ha (400 acres) or 5% of the land area defined by ‘the

G-overlay zone.

7.3 FuLh-FIELD DEVELOPMENT

 As currently ‘envisioned (EI.R>1979) the full-field development con- .
I?sists'ofvseven power. plants, seven production islands, eight injection ~

s
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islands, geothermal fluid transmission pipelines, power transmission

lines, and water treatment facilities.

7.3.1 Access roads*

Because existing roads provide access to the proposed geothermal
site, there should be little need for new roads (Figure 7. 2) - Some of
the existing roads may need to be mod1f1ed to improve the1r bearlng

capacity.

7.3.2 Wells and well sites

~_The surface area requirement for one geothermal well is 0.4 ha (one
acre) pet well of which half the area can be returned to other uses
after services are established (Geothgrmal Element 1977). Because all
wells will be directiohally drilled, the total area"oécupied by wells
will be reduced. For example, for a 1829m (6000 ft) deep reservoir, a
siqgle well-head location having wells with a 30° slant can cover about
121 ha (300Aacre); a 45° slant can cover almost 405 ha (1000 acre). The
production island for a 50-MWe facility will accomodate 9 to 15 wells
and will occupy about 2.0 ha.(s QCres), whereas the injection island for
the same facility will accommodate 6 to 9 wells and will require about
1.4 ﬁé (3.5 acres). Productioh ‘islands will be located as close as
possib1§ to tﬁe power plant, whgreas injection islands will be located
around the periphery of the resource. The water treatment facilities
will require 1 t6"2'injéctionAwe11s for each 50 MWe of capacity (EIR
1979). Thus, development of the full 500-MWe field would require about
90 to 150 production wells and?so,to 110 injection wells.

The well drilling, ptoductiou, and abandonment will be the same as
described in Sect. 3.7.2.2. All procedures and equipment will comply
with California DOG tequxtements ‘

Flfteen testing wells have already been drilled 1nto the Heber
geothermal field. This has provided sufficient information to characterize
thé resource and to make decisions for siting both production and injection
wellg. Thus, additional test _well drilling is not ant;icipated (EIR .
1979). ’ ‘
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7.3.3 Power plants

Full-field developﬁent of the proven 500 MWe of capacity at Heber”
is anticipated to involve seven power plants: two 50-MWe binary cycie,
two 50-MWe dual-flash cycle, and three 100-MWe dual-flash plants (Fig.
7.1) (EIR 1979). Components, comnstruction, and operation of the 50-MWe
binary-cycle plants are described in Sect. 3.3.3.4. Thus, onl& a 50 MWe
dual-flash cycle ,power plant will be described here. The general process
for a 100-MWe dual-flash cycle plant will.be the same,Aexcepf that some
factors such as flow rates will be doubled. All plant construction
activities will be performed im accordance with applicable American
Society of Mechanical Engineers (ASME) and electrical codes and fegulations.

The construction period for a 50-MWe plant, dual-flash or binaty,
will be about 20 to 24 months and will proceed for both as described in
Sect. 3.7.2.3 for the binary demonstration plant. '

A schematic of a 50-MWe dual-flash cycle power plant is shown in
Fig. 7.3. The major components are the first- and second-stage flash
separators, the dual-admission turbine generator, the condenser and non-
condensible gases removal system, and the cooling tower. The temperatures
and flow rates are indicated in Fig. 7.3. Geothermal fluid, which
enters the system at 182°C (360°F) and is reinjeéted into the reservoir
at 102°C (216°F), will flow at a rate of 3.7 million kg/h (8.1 million
1b/h). After passing thiough two cascaded flash separators, the remaining
liquid will be reinjected. Exhaust steam leaving the turbine will be
condensed and used as replacement water for the cooling tower. Condensate
will be produced at the rate of 554,000 kg/h (1,220,000 1b/h) and used
for makeup at the rate of 425,000 kg/h (935,000 1b/h). The excess con-
densate will be combined with the spent fluid for reinjection. The
425,000 kg/h (935,000 1b/h) of water lost as a result of cooling tower
operation amounts to an 11.5% deficit in the geothermal fluid return and
will need to be provided from another ‘source to attain.100% return flow.
The establishment of a water treatment facility on the New River is to

provide either this return flow or cooling tower makeup water.
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"All of the noncondensibl‘e 'gases 'in_th'e_'geothermal fluid will pass. i .
through the system along with the flashed steam ultimately to be released
to the atmosphere with the cooling tower plume. The noncondensible
gases, shown in Table 7.1, constitute 48.55 ppm of the fluid by weight
including 0.18 ppm HpS. The HyS emission rate from the cooling tower is
estimated at 0.65 kg/h (1.44 lb/h) for a 50-MWe dual-flash cycle plant
(EIR 1979). '

. 7.3.4 Water treatment'facility

Plans, as.described in EIR 1979, call for the water treatment plant .
to be located on the floodplain of the New River (Flg 7.1) with constructlon
to begin in 1980. It w111 be of modular design, with each module of
sufficient size to supply the makeup water.for one 50-MWe dual—flash
cycle power plant [425, 000 kg/h (935 000 lb/h) or approximately" 0 lm 3/s
(4 cfs)] The need for treat1ng the New R1ver water arises from the raw.
psewage dlscharged 1nto the r1ver in Mex1ca11 Thus, the treatment W111 s
:.be similar to that of a conventlonaI sewage water treatment plant |

Water diverted from thé river (via diversion works wlth_a'screen to

‘v;‘preventlentrainment of fish) will'belronted'to a primary settler before.

;'treatlng w1th flocculatlng agents to settle the remaining- sollds ,All

‘iig ponds w111 be lined’ or treated to prevent seepage " The water w1ll be

flltered treated w1th chlor1ne (or other b10c1de) then deaerated before
T1nJect10n into the reserv01r The settled SOlldS w111 be anaeroblcally
??;dlgested dewatered,‘and dr1ed Dlsposal W1ll be in an approved landfill.
::The treatment process w111 be tested in a pllot faC111ty at’ the plant
l’s1te before constructlon ‘ L C L
B Constructlon of the water treatment fac111ty Wlll take about six |
‘months and W111 requlre clearlng and grad1ng of the site ‘and pourlng of

H.foundatlons and concrete slabs for the above grade tanks and equipment.

d7.3.5v Pipelines_

_ Tentative pipeline rodting for the full -field development is given
in Fig. 7.1. As discussed in Sect. 0 3.7.2.5, f].LIld return p1pe11nes for ‘
all the plants will be about 76 cm (30 in.) in diameter, will be constructed
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Table 7.1. Analys:s of noncondensmle gases
: _(H‘eber geothermal flund) ‘

: .'Compqnentf .. 7 " Molepercent -

All’a S \' - . T ~ R . 245 ) _';. e - . v' , x‘
,Hydrogen (Hz) L . .o 1}57  ) i T T ‘
Nitrogen (N;) . ‘, . - 12830 . . e R
Carbon dioxide? {co,) .- 5896 | .- oo
Methane (CH4) ‘ g e 849 B S
Ethane (C;He) | o ‘ et b

* Propane (C3Hs ) i T ¢ X+ ) | R s

' Butane, pentane, ‘hexane o tr. I T P
.Heptane (C7H16) 5 . - - 7 0.0t
‘Hydrogen sulfide’ (Hz sy - 0.40

Total o : . 100.00

! : . i
i I

oy

N

Calculated molecular weight: 36. 1043

. Welght fraction of total flow® ’
1 Noncondensmles 48.37 ppm
2. Hydrogen sulfnde 0. 18 ppm

. @Contamination from process vessel Ieak ’ L
bpercentage depends on operating pressure of flash vessel. T BN
¢Determined from average gas flow readings of - 3ft3/hr at average . . . o : W
water.flow of 6250 Ib/hr. : A L
Source: Chevron 197711.
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above grade on steel pipe supports, ‘will be routed parallel to existing ‘
‘roads, drains, canals, and field boundaries, and will be ent&rely underlain
by a concrete-lined trench, which will ‘be sloped to sumps 1ocated at

1nterva1s along the p1pe11ne

7.3.6 Transmission lines

Vo

'A'major east-west transmission corridor crossing Imperial Cohnty
has been'prOPOSed to connect the SDG&E'transmiSﬁ}on system with that of
the Arizona Public Service .Company and other ‘utilities to the east (EIR
1979). - The potent1a1 impacts of these transm1s51on faC111t1es are .
addressed-ln,EIR ##228-79 being prepared.by the County of Imperial. The
output"of each power plant at Heber will be via overhead lines to.a
gcehtral collection station within the G-overlay zone 'Froh the collec-
‘tlon station,’ power will be transmitted through an overhead line to the

east- west line.
'f.4'vEXISTING'ENVIRONMENT

‘Section 4 contains a description of the existing . environment that
1nc1udes the Heber geothermal overlay zone and all other areas that may
be affected by pos31b1e future activities described above. The descrlp- ;

t1on Wlll not be repeated here.

7;5 POTENTIAL ENVIRONMENTAL CONSEQUENCES
The environmental impacts of the planned full-field?de;eiopment are .

.reported here as described in EIR 1979. As stated previoﬁslygithis
information was selectively verified as appropriate for addressing. the
environmental scope of the proposed action' Inasmuch as development is
-planned to occur over an 8-to 10-year perlod, 1mpacts, especially those
caused by construction, will probably be less severe because of the
reductlon in intensity.that occurs when an act1V1ty_1s9d1str1buted over

a long period of time. ’
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7.5.1 Geology and Soils

Impacts resulting fromhfull'field development arellikely to be
similar to those from the! proposed project, but magn1f1ed cons1derably
It is 11kely that as many as 65.6 ha (162 acres) of s01ls classified as
prime farmland will be 1rretr1evab1y dlsplaced The ocﬁurrence, extent,
and significance of resource depletlon, induced se1sm1clty, and induced’
subs1dence or uplift w1ll remain uncertaln until f1e1d development
commences. However, it 1s prOJected that the l1ke11hood of significant
induced se1sm1c1ty, subs1dence, or up11ft is small, whereas a cons1derab1e
amount of the resource W111 be depleted. Impacts thathould be caused
by soil and shallow subsurface conditions as well as earthquakes can be
prevented by approprlate englneerlng and des1gn pract1ces Although the
risk of acc1dents 1ncreases with the scale of development measures -
similar to those descr1bed in Sectlons 5.1.8 and 6. 1 8 can sat1sfactor11y

m1n1mlze the r1sk

7.5.2 .Land use

_ The proposed geothermal field development would 1mpact prime farmland
but, except for lands in/ ' the immediate vicinity of the cooling towers.
for the second binary plant would not make adjacent lands unsuitable
for agriculture, as is afflrmed by the geothermal element of the Imperial
County'General Plan. Whrle some 64.8 ha (160 acres) of prime farmland
would be removed from prJduction, farming could continuye all around the
- geothermal production islands and related facilities. | Moreover, land
presently unused for}agrlculture because of limited water availability

“could be cultivated in place of that removed |for geothermal use. - Power

2plants and pipelines could be located in such a -way as to minimize
adverse impacts on agr1culture and other lanL uses. If development to
500 MWe involved two b1nary plants, the impacts on croplands from salt
‘ drift which are detalled 'in Sect. 5.2.2 would involve twice the acreage

for the binary demonstnatlon plant. : . .

The very few res1dences that do exist 1n‘the v1c1n1ty, are near the
edges of the project area at distances from;actual proposed operations

that should be suff1c1ent to minimize adverse impacts.

LRI SR

ol
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7.5.3 Surface water

Most of the 500-MWe full-field Heber development will utilize the
flash process rather than the binary process and as a result will not
require a supplemental cooling water supply. The major surface water
impacts associated with the 500-MWe project at full developmént are:

(1) withdrawal of up to 6.2 x 107 m3 (50,000 acre-ft) of water annually
from the New River, (2) reduction of flow in the New River and into the
Salton Sea, and (3) increased salinity of the Salton Sea (EIR 1979).
Withdrawal is necessary to meet the Imperial County 100% geothermal
reinjeetion.reéuixements to prevent subsidence (Sect. 5.1.2). Table 7.2
shows the effects of water withdrawal on streamflow downstream of the
Clark Road Croseing and at the outlet to the Salton Sea. Using Leopold
ad& Miller's formula for stream channel hydraulics, a flow of 4.3 m3/s
flow, a water depth of 1.5 m, and withdrawal of 6.2 X 107 m® (50,000 acre-ft)
annually, VIN calculated that at full-field development (500 MWe) Heber
water use will lower the average water level of the Neﬁ River approximately
0.3 m (1 ft). Calculations were independently verified by the ORNL
staff (Lee 1980). SDG&E, in response to comments from the California
Regional Water Quality Control Board (CRWQCB) concefning the change in
water level. w1th withdrawal under minimum-flow condltlons, stated that
the maximum change in depth at the Clark Road Cros51ng would be 42.9 cm
(16.9 in.) and 8.6 cm (3.4 in.) at the Salton Sea outlet (SDGS&E 1979b).
| Diversion of 6.2 X 107 m® (50,000 acre-ft) of New River water
annually will have both positive and negative impacts on the Salton Sea.
This water diversion will lower the stage of the Sea an additional 0.8 m
(2.5 ft), thereby reducing inundation of areas around the sea. However,
the Heber 500-MWe project will increase salinity of the sea (38,000 ppm)
by 3000 ppm. As a result, salinity of the Salton Sea would reach 40,000 ppm
two years sooner based on current calculations, i.e., 1988 rather than
1990. In comparison, if IID succeeds in conserving 3.7 % 10% m® (300,000
acre-ft) of water by 1985, salinity of the Salton Sea will reach 40,000 ppmb
eight yeare earlier than without conservation.

" Full-field development will not utilize irrigation water as a
coollng source and will, therefore, have no effect on prlorlty agri-

cultural uses. Withdrawal of the New River water for reinjection will
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Table 7.2. Summary of ehanges to medn New River hydraulic dmmkﬂcs

as a result of 500 MWe rom]ectlon withdrawal” S
_ Width Depth Flow '  Velocity
Location 5 ! ) .
m ., ft m ft m3/s s mfs . fifs-
Clark Road crossingw/o® ~ 31 10 15 5 42 150, 14 45
Cwe 26 85 1.2 39 23  80% 11 36
% of original 85% T 78% 53% ! 80%
: . !s |
Salton Sea wlo? 25" 82 11 36 16.1 568" 68 1.9
wé 249 817 .10 34 141" 498' 58 1.8
% of original 96% ' 95% 8% | 95%
"6 2X 107 m3 (50 000 acre-feet) w:thdrawal/vear
by /o — without withdrawal.
‘w - wnth.yvuthdravyal. i
' "

€ i
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increase the salinity of both the New River and the Salton Sea and may '
therefore interfere with future potential users of these waters.

Unavoidable adverse impacts to surface water associated with the
proposed 500-MWe project can occur from alteration of floodplain hydraulics
as a result of water treatment facility construction on the floodplain
(EIR 1979). Other adverse surface wéter impacts associated with the
500-MWe developméht are potential erdsion, runoff, or sewage contamination
of surface waters in the vicinity during construction and operation of
| the geothermal piants and water treatment facilities. These impacts are
expected to be minimal as the result of implementation of mitigative
measures discussed in the following paragraphs.

- As discussed for the 50-MWe demonstrafi;n facility (Sect. 6.3.1),
compliahéeiwith the CRWQCBs waste discharge requirements will substantially
mitigate iﬁbact;'on-surface water. As a result of the Department of J
Fish and Game's;protest against issuance of water righﬁs for 6.2 x 107 m3
(50,000 acre-ft) annually for the 500-Mwe full-field development, SDG&E
and Chevron must participate in instream flow studies on the New River
prior to pérmit,issuance. The May 15, 1980 decision on this permit
retained water rights jurisdiction for the New River but not the Salton
Sea. The sea will be protected to some extent by‘jurisdiction over the
New River. The decision states that no water shall be diverted under
this permit until the Department of Fish and Game has determined that
measures necessary to protect fishiife in the vicinity of the diversion
" works has been incorporated into the plans and construction of such
diversion. The permittee must submit for CRWQCB apﬁroval a study showing
the minimum flow quantity required to protect aquatic habitat in the New
River. The study is required to show how the diversions will be managed
to avoid reducing flow in the river to the point where it would adversély
affect aquatic habitat. The CRWQCB also reserves jurisdiction to include
specific mitigation measures in the permit (CRWQCB, 1980).

The 500 MWe full-field development will not require monitoring of
surface water discharge since there will be no surface water discharge
from these plants. Monitoring will be associated with the water withdrawal
facility according to a CRWQCB permit projected to be similar to the SCE
permit (Table 6.1). . .
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'7.5.4 Ecology © - |

7.5L4}1‘.Terrestrial ecoldgy

' 71
‘ All s1tes for well pads and power plants related to

“eventual devel-

opment to 500 MWe W1th1n ' the. ‘Heber. overlay ‘zone are on agr1cultural

land. Full development w111 requlre d1vers1on of - about 6 2 X 107

f‘(so 000 acre- ft) of water 'from. the New R1ver to accompll

sh 100% reanec-

t10n Related to th1s d1ver51on, a water. treatment fgc111ty W111 be

|

' constructed adJacent to the r1ver in the southwest portlon of the' overlay

,zone Constructlon of the faC111ty w111 destroy a total of about 61 ha

(150 acres) of natural r1par1an vegetatlon Although

the r1par1an

_ habltat has been somewhat dlsturbed in -‘this part of the New Rlver, it -

”'st111 represents valuable w1ldl1fe habitat, wh1ch is an

resource 1n the 1ntens1vely cult1vated Imper1a1 Valley

extremely 11m1ted
Whlle no threatened

: or endangered spec1es are 11kely to be present 1n th1s habltat (seevf

Sect 4 4. 3), a varlety of songblrds, gameblrds and small mammals will

"be d1sp1aced
‘ vegetatlve communltles would avoid the adverse effec,

Locatlng the treatment fac111t1es away ; from’ the natural

s on w11d11fe

*-habltat ‘but would probably enta11 a trade-off of- remoxlng an addxtlonal |

61 ha - (150 acres) of agr1cultura1 land from productlon

: If the treatment

faC111t1es _are located W1th1n the natural- habltat some m1t1gat10n of

adverse effects could pos51bly be achleved by enhancement of w1ld11fe

' hab1tat elsewhere along the ‘New R1ver
dlnated W1th -the Callfornla Fish and Game Department

D1vers1on of 6.2 x 107 3 (50, 000 acre-ft) at the

p01nt w1th1n the overlay zone will reduce the flow of

‘ about 47% at this p01nt 4 Reduc1ng the present r1ver fl

Such m1t1gat1on w111 be coor- J"

Clark,Road‘diverSion
the New River,by
ow by almost half o

w1ll 1n all 11ke11hood result in the loss of some aquatlc vegetation and;~

rlparlan hab1tat downstream from the dlver31on po1nt.

" To determ1ne -

whether th1s mlght constltute a s1gn1f1cant loss of rrparian'habitat L

.would requlre a detalled‘study of present water levels

tlons) relatlve to ex1st1ng downstream r1par1an “habitats.

'(and their'varia-.

It is very

possible that 1n the future, flows in the New R1ver w1ll be reduced by f

]

other factors not connected w1th the’ Heber prOJect, 1nclud1ng decreased

PYaos o>

»oaw
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'1nflow from Mex1co and reduced 1rr1gat10n return flows, in wh1ch case, ‘
' the addltlonal flow reduct1on from the Chevron W1thdrawa1 could severely '
decrease downstream r1par1an habitat. One important wildlife habitat,
the freshwater marshes downstream of the . overlay zone. that were descrlbed '
- in Sect 4.4.3 as potent1a1 habltats for - the yuma clapper ra11 and the
: Cal1forn1a black ra11, are apparently 1ndependent of New Rlver water and
should not be affected by any reductlon in flow of the r1ver :
At the Salton Sea, it is estlmated that the flow reductlon in the
"New R1ver asa result of the d1ver31on W111 be less ‘than 12% of the
average flow at the mouth VIN has predlcted that the reduced flow into.
the- Salton Sea will reduce the present rate of 1ncrea51ng water level in
the Sea (see Sect 7 5. 3) Such a reduct1on could also slow the present.'
'_rate of saltwater 1ntru31on 1nto the freshwater marshes around the
- periphery of the Sea. - If thlS is the case, it would constltute an
overall benefit to the wildlife (1nc1ud1ng the yuma clapper ra11 ‘and the
California’ black ra11) that - depend upon this freshwater marsh habitat.
However, at the New R1ver delta, it is p0551ble that any reduct1on of
':the rise in the Salton Sea s»levelvcould be offset to some degree by.thei
reduced flows in the New River resulting from the divérsion. Therefore, 3
‘the rate of saltwater intrusiOn'into the marshes at the New River delta
m1ght be unaffected or even accelerated by reduced r1ver flows It is
not poss1ble to predlct W1th accuracy the effect of the water diversion
on the New Rlver delta ‘The monltorlng and m1t1gat1ve measures outlined
in the CRWQCB permlt prOV151ons (Sectlon 7.5. 3) should help ensure protectlon
of - the marsh habltat _ ' ' _ ' “
The d1ver51on will hasten the 1ncrease in sa11n1ty of the Salton
VSea as 1nd1cated in Sect 7.5.3. When the sa11n1ty of the Sea reaches'
the’ p01nt of . e11m1nat10n of much of its aquatlc blota, a maJor food
resource for some of the birds that use the Sea w1ll be lost.” Mltlgat1on
of any adverse effects of the d1vers1on on the . Salton Sea, on the r1par1an
'habltats along the New R1ver, and on the marshes at ‘the New R1ver delta
'would be pOSS1b1e by reduc1ng the amount of re1nJect10n, thereby nece881tat1ng
the w1thdrawa1 of less water from the r1ver Reductlon in the amount of
‘ re1n3ect10n entalls a p0551b111ty of sub51dence that "is. d1scussed in -
Sect. 7.5.1. | ’ : .

]




. demonstrat1on plant are:discussed in detall in. Sects

-.»s1gn1f1cantly affect the ‘natural vegetatlon communltl

hrthese commun1t1es

f,vegetat1on communities do not recelve the beneflt of

thponds, which’ would be 1ocated in native desert hab1t

- binary. plants are closed loops,
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Most power plants planned for the 500 MWe of deve

the flashed-steam type.

lopment will be‘of

" These plants will use-relatively pure cOndensed

steam for cooling water -makeup, and salt drift from the towers will be

" inconsequential.

plants is'much'greater than that'from flashed—stean pi

Salt drift from cooling'toners-assodiated with hinary'v

lants because the

" binary plants ‘must use irrigation return flow for COoﬂing ‘tower makeup,

' Which“is much more‘salinevthan condensate. - Presently,
‘plant in - addition to the binary "’ demonstrat1on plant
500 MWe of development.

Effects of salt drift related to th

The location of this second b
presently known.
Append1ces E-H. Whether salt drlft ‘from a second .bi

R1ver would- depend upon the locatlon of thls second

If the plant were located close e

uthat ‘a. s1gn1f1cant amount of salt dr1ft 1mpacted the h
,then the: poss1b111ty of adverse effects on th1s commud
'—of salts in’ the rootlng zone is- llkely Th1s 1s bec
‘from the soil that 1s practlced on the adJacent agr
V One ‘alternative for’ d1spos1ng of the’ sallne bl

acool1ng towers associated W1th the binary plant 1s to

the 1rr1gated ‘lands near the Heber overlay (see Sect.
,d1sposal alternat1ve 1s employed for the second binar
"50 5 ‘ha . (125 acres) of desert habitat would be ellmlna

¢f7development to 500 Mve..

Atmospherlc emissions other than salt dr1ft fr

'500 MWe should not adversely affect,terrestrlal biota.

~there are no emissions
W1th their operatlon

‘minimal because of the low st content of ‘the Heber
3

|

de

e

Amb1ent concentratlons of less: than- 10 pg/m
vlthe V1C1n1ty of each flash plant Th1s is many or
'below the levels at Wthh vegetatlon ‘and anlmals ar

(Thompson 1976; Miner 1969).

t

one other blnary
is planned for

inary plant is not .

e ‘proposed blnary

5 2.2 and 5.4 and.

nary plant could

es_along the New .

Jlant relatlve to '] .

nough to th1s area

atural communltles,
1ty from accumulatlon
ause the natural =

flushlng of salts

hcultural lands

owdown from the

construct evaporatlon

at to the west of

5:4.1). If this

v plant,nan_additional

ted as:a:resnlt_of :

om:deVelopmentLto;”

‘Because the

of HyS associated

'Emissions of HpS from the flashed plants will be

reservoir (EIR
are pred1cted 1n
rs of magnltude h
.affected«by'HZS
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Development of 500._MWe of power in the Heber region will necessitate ‘
constructibn of additional transmission facilities‘to carry the poWer to '
large population markets in southern California and Arizona. A major
east-west transmission corridor crossing Imperial County has been proposed °
(EIR 1979). Details of the location of. the corridor are not available
at this stage of development. Because of the low-growth fbrm of desgrt
vegetation, construction of the line would'require minimal clearing of
vegetation. The major ecological concern related to placement of the
corridor.in the.Imperiél Valley is the. potential for effects on the
large numbers of waterfowl that use the Salton Sea wetlands. TrapsmisSion
lines could cause increased bird mortality through collisions with linés
and towers; Waterfowl are particularly sﬁbject to collisions with,power
lines when the lines are adjacent to feeding and resting areas where the
birds are flying low. In addition to direct mortality, transmission
lines could cause changes in patterns of waterfowl use of adjacent iand,
thereby possibly affecting hunter success. A study conducted as part of
the Imperial Valley Environmental Project identified some major flight
patterns of birds using the Salton Sea' area (Leitner and Grant 1978).

Thé patterns generally parallel the south shore of the Sea and follow
‘the New and Alamo Rivers inland to feeding areas. Such major flight

pathways should be avoided by transmission corridors.

7.5.4.2 Aquatic ecology

The aquatic habitats of tﬁe New River énd the Salton Sea fishery
are the two areas of majpf concern associated with the Heber 500-MWe
full-field development. The proposed diversion of 6.2 X 107 m3 (50,000
acre-ft) per year of water fromlﬁhe New River would remove 3.4% of the
freshwater inflow into the Salton Sea. This would have two major effects:
(1) the sea would reach a-salinify leQel inimical to reproduction of
resident sport fishes (Bairdiella, Sargo, and Orangemouth CorViné) at
least two years sooner (1988) than without the project (1990) (May 1976;
‘Cal. Fish and Game 1979) and (2) the rate of land inundation around the

sea would be reduced.
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‘The Department of FlSh and Game's protest aga1nst withdrawal of

water from the New R1ver has been considered. The dec151on reached by

-~ the State Water Resources Control Board (SWRCB) om MayﬁlS 1980 reserved

jurisdiction over water- w1thdrawa1 from the New River but did not reserve

jurisdiction over water or ‘resultant effects on the Salton Sea. The

" sea, however, will be protected to some extent by 1nstream flow studies

to be conducted prior to ‘'issuance of the water w1thdrawal permit and by
instream flow requlrements and water quality 11m1tatlons -to be placed on

water W1thdrawa1 from the river. If the withdrawal 1s determlned at a

- later -date to have an adverse effect on aquatlc habltats, the permlt

will be modified (Sect1on 7.5.3). Monltorlng will be carrled out by the
appllcant for compllance with the SWRCB permit. , ﬁ ’

The water treatment facility for the 500-MWe development will be
located in the floodp1a1n of the New River at the Cla&k Road crossing.
Impacts on aquatic blota, as a result of intake pipe ﬁocatlon, will be
reviewed by the Department ‘of Fish and Game before grantlng a permit for

streambed alteration. Con31der1ng the limited aquatlc community in the

New -River upstream of Seeley, there should be 11tt1e“1mpact on aquatic

“biota in the project v1c1n1ty Downstream of Seeley; water withdrawal

could have an adverse effect on the flathead catfish, Pylodictic olivaris,

a popular sport fish. Reductlon of the water level, ranging at maximum
from 30 cm- (12 in.) atJSeeley to 8 ecm (3 in. ) at thej New River delta,

" would reduce the cross- sectlonal area and amount of channelside habitat

(deep holes, cavities,}and‘bank cuts) available for catfish resting and

spawning. The EIR (197&) states that improved water quality as a.result

. of water withdrawal conldiextend the catfish range upstream; however,

“until dissolved oxygen levels between the Clark Road withdrawal site and-

Seeley, 22.5 lkm (14 mlles) downstream, approach the 5} ppm adequacy limit
set by EPA (EPA 1976),nuse of the New River areas upstream of Seeley
will be severely restrlcted (Setmier 1979). The rocJ weir -at- Seeley may

lso impede fish movement upstream and further restrilct upstream habitat .

use. Impacts of decreased water level on seven other lesser utilized

sport fish spec1es notlrestrlcted by habitat are not known The major
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effect of water withdrawal on fishes of the Salton Sea will be through
increased sea salinity and resultant decreased fish reproduction as the
result of removal of 6.2 x 107 m3 (50,000 acre-ft) per year of dilutional
flow. & - _ ‘
Monitoring of surface water quality and instream flow at the Clark
Road site will occur as part of the SWRCB permit requirements for water
‘withdrawal. This monitoring will ihsure compliance with instream flow
limits and any‘water withdrawal restrictions placed on the applicant as
the result of these studies. The instream flow studies will be conducted
prior to issuance of the water withdrawal permit. :The SWRCB in the May
15, 1980 decision retained jurisdiction over the New River water (sect.
7.5.4). This decision insures monitoring and any necessary mitigation
measures determined necessary by the SWRCB othhe Department of Fish and
Came if flow from Mexico or agricultural drainage decreases and is
determined to be inadequate to maintain sufficient aquatic habitats in
the New River. If, during permitting, a use-need is determined for the
New River, the California Department of Fish and Game (DF&G) may be
asked to provide consultation or mitigation measures (Turner 1980).
The biota in the Salton Sea will be protected to some extent by the
instream flow requirements to be established for the New River. As time

and funds permit, the DF&G presently conducts a population survey and

L)

toxic materials survey every one to two years in the Salton Sea. Depending

upon monitoring and poténtial mitigation measures in the New River, if
salinity increases to or flow decreases to unacceptable water quality
and biotic habitat levels, the impacts on biota of the Salton Sea may be
in part mitigated by measures in the New River. At this time it is not
known what efforts will be made‘to protect the biota of the Salton Sea

as salinity of the sea increases (sects. 4.3 and 4.4).

7.5.4.3 Rare and endangered species

The only potential effects on rare or endangered speciés from
development to 500 MWe are related to the diversion of 6.2 x 107 m3
(50,000 acre-ft) of New River water and possible ramifications on fresh-
water marshes at the New River delta that are breeding habitats for the

‘yuma clapper rail and the California black rail. The populations of
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" these species are presently‘monitored.by the DF&G,andgby the U,S..FW

‘clapper rail recovery team. The diversion would be oeéurring in phases

as power plants are brought on-line, and monitoring and mitigation will

be. built into the SWRCBJpermit (Sect.7.5.3) to insuré that possible

- adverse effects that may ‘be linked to the diversions W1ll be av01ded by

ceasing further w1thdrawals

- No direct impacts to the endangered desert pupfish are ant1C1pated
as the result of full- field development. Although, salinity of the
Salton Sea will 1ncrease as additional plants are brought on line, the
pupfish should not be d1rectly effected, since the spec1es "has been
shown to live in waters w1th salinities that vary from that of fresh
water to two times that of sea water (68 ppt) (Barblow 1968) However,
additional information on survival of food sources and competing species
at increased salinities nust be known before it is posfible to determine

that there will be no inpacts to. the pupfish population in the Salton

- Sea and its tributaries.!- - , S T

i
| ii .
- The | Heber geothermal field is projected to eve%tually produce

7.5.5 Air resohrces‘andjgpality

500 MWe of generating capaC1ty of which 50 MWe to 100 MWe will be binary '

plants and the remainder dual-flash plants. The 1nd1v1dual power plants

should be either 50- MWe or 100-MWe plants and Wlll generally be located
at least 0.8 km (0.5 m1) from each other. Because the greatest air
quality impacts occur within 0.8 km (0.5 mi) of the cooling tower, there

should be no significant cumulative impacts of more than one plant

L compared to the impact of a single plant. The HgS impact of a dual-flash

power plant has been established as minimal and occurs extremely close
to the tower (EIR 1979). The drift deposition from a dual-flash plant
is one to two orders of magnitude less than from a binary plant because
of the quality of the makeup water usedf The drift deposition from two -

50-MWe binary plants will not produce a maximum deposition signifiéantly

. different than a 51ngle plant but the impacts that|do occur will be

more widespread. -In other words, an annual depos1tron of 35.0 g/m of
salt occurring over 8,2_X 104 m20f land for one plant_would become

35.0 g/m? of deposition over 1.6 X 10° m? for two plants. Other
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impacts such as fogging, icing, and particulate concentrations should be .

minimal for full-field development, as they are for a single facility.

7.5.6 Noise

Predicted noise impacts of full-field development are given in EIR
(1979). Though there would be a slight increase in the area's ambient
noise, the minimal levels anticipated would fall within acceptable
ranges of U.S. ‘Department of Housing and Urban Development guidelines

and the noise standards of Imperial County.

7.5.7 Socioeconomics

7.5.7.1 Population

" The estimated work force required for full-field development
includes a peak construction force of 613 workers and 187 workers for
both power plaht and support operations. The temporary construetion
force will peak during 1985 through 1987 with 60% of these workers being
nonlocals, which equates to 367 employees. It is anticipated that these
nenlocal construction workers will not bring their families with them.
These workers will reside in rental housing, trailers, or recreational
vehicles and normally return to their homes 1n Yuma or San Dlego during
weekends

A maJorlty of the operatlonal ‘work force can be supplied by the
local labor force. The nonlocal contrlbutlon to the operation work
force will be 88 people, which is insignificant in light of the overall
populat1on growth expected for the region.
| The most significant populatlon impact will be the temporary addi-
tion of workers associated with the construction periods of the project.
These imﬁacts will oecﬁr_over the eight-year development period .
Timing of construction projeéts should be phased evenly so duplication
-of construct1on crews is unnecessary. Training programs to increase
quallf1cat10ns of the local 1abor force would reduce the need for non-

4 local labor.
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7.5:7}2 Economic effects% A : ,a”;ﬁ

Income generated by employment from the progect W1ll_be potentially

available for spending 1n‘the local economy . Nonlocals who'retain_their

‘permanent res1dency ou‘s1de the region w1ll probably spend a major-
portlon of their construct1on wages outside of the counfy

The purchases of. materlal and serV1ces made in the local area w111‘
“be subJect to- retail sales tax.  Taxes will be 1ev1eduby ‘the county on
' he power plants,_the land owned by -geothermal developers, the produc-
" tion wells, and. the. p1pe11ne system (EIR 1979):  The dosts 1ncurred by
local governments in prov1d1ng services will be mostﬁsevere at the
'he1ght of the construct1on period. Extra taxes generated by .the geo—
thermal development should help considerably to defray these costs of
prOV1d1ng public’ serv1ces and facilities because they %re expected to’ be
minimal. '§ ‘ ‘

The pOS1t1ve economlc effects ‘from the project hlll outwe1gh the
“costs incurred. Thus,-no m1t1gatlon measure would be necessary
| 7;5;7.3 Housing o '

The impact of. the proposed project will have a pronounced effect on

the demand for temporary housing. The types of hou31ng that w111 be.'
required in the v1C1n1ty of the project area include: motels, mob11e
home parks, recreat10na1 vehicle campgrounds, -and conventlonal rental,
units. -Because of the hous1ng shortage and crowded conditions 1n the
existing housing stockhw1t will be difficult to obtaLn housing in the
‘area. This situation: may 1mprove somewhat because builders are cur-
“rently planning new construct1on_1n the E1 Centro area when interest
‘rates decline. This pfanned construction would ease| the demand placed-
jupon the housing market by the relatively small number of new permanent ‘
res1dents associated W1th the project.

- The potentially adverse impact upon the hou51ng market,'especiallyyh

during peak constructlon perlods, may be m1t1gated by a coordinated
plannlng ‘effort 1nvolv1ng both the project developers and county and )
local officials. Local governments may also seek energy development

impact grants to construct ‘the types of housing and fac111t1es su1tab1e

&
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for a fluctuating work force. Even ‘without the geothermal development
‘the add1t10n of temporary hous1ng would ease the existing shortage in
_temporary housing created by the demands of the seasonal farm laborers,

_ border crossing traffic, and tourists.

7.5.7.4 Community'services and facilities

Both prOJect construction-and additional generating capac1ty could
' fac111tate growth and 1ndustr1alizat10n in the area and increase the

demands on pub11c serv1ces Expan51on of some’ local 1nfrastructure is
lalready planned and capacities of most are expected to be. adequate to

absorb the 1mpacts caused by the full-field development. Schools are

jfthe public facilities most 11ke1y to be 1nadequate to accommodate expected‘

~;growth 0therw1se, 1mpacts of .the prOJect should be benef1c1a1 to

' ,prov1s1on of community services through 1nfus1on of tax dollars recelved

from expanded economlc act1v1ty ‘Other m1t1gat10n measures entail

Federal and/or State’ ass1stance to make up shortages in community services.

'_Temporary solutions (e g, ‘use of modular, temporary Classrooms) could
be used due to’ ‘the 1mpermanency ‘of the project action Also, a planned-
'dlsper31on of workers fam111es throughout a reasonable commuting area
would spread and d1m1nish the impacts upon any s1ng1e school district or'
”unit of local government Phas1ng of construction would have a similar

'effect.v“,

' 7:537f5' Transportation systems

'1Commuter traffic and moving of heavy equipment in the project area
vwould 1ncrease,'espec1ally dur1ng construction. Roadways‘would detéﬁ
Hrlorate more quickly, requiring more maintenance than presently |

’ Mitigation measures could include car-pooling of drllllng and con-
struction crews and staggered shifts for workers. Heavy equipment could ]
"be left at the construction site as much as possible, further minimizing

the impact on area roads and resulting maintenance expense.
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7.5.8 Cultural resources

The absence of do%umented archaeoldgical'resoul

~ sites in the prOJect area precludes any expected 1mparts

7;5,9 Aesthetics

ces or h1stor1c

|
4
1

X
H

Because of the, flat terraln of the prOJect areaiand the phy51cal

.nature of ‘the proposed prOJect

;1mmed1ate prolect area w111 be con31derable.

the impact on v1suaﬂ§resources in the

The greatest impact W1ll j—“"

' »be percelved from the local perspect1ve, W1th reglonal 1mpacts derlved;l'“

largely from the effect on vistas across the sectlon of the valley

contalnlng the pro;ect .area.
~tute a consumptlon or d1srupt1on of unlque or irre

 resources.

However the development would not constl—lj

placeable v1sual

'1,

Many v1sual 1mpacts w111 be temporary, such as the-intru51on of the

}vertlcal drilling rigs iinto an otherw1se un1nterrupted hor1zontal land-'

scape.

There are already some vertlcal 1ntru31ons 1n the’ env1ronment

such as telephone and ut111ty poles and occas1onal trees

Well and productlon 1sland de31gn can be eng1neJred to m1n1mlze the x

'v1sual 1mpacts by keeplng as close to grade level as
Coollng towers. and evaporatlve steam plumes a

would cause the ‘most s1gn1f1cant visual .impact. Whe

steam plumes may range from 15.2 to.30.5.m (50 to 100

the tops of the 15. 2m (50 ft) tall cooling towers.
fac1l1t1es at the site would be comparat1vely low pre
Electrical power to be transmitted along the
Irrigation. District transmission corridor along Do
generate no new impact:
All impacts are somewhat mitigated by the prOJ

maJor populatlon centers

poss1ble

’ o
J the ‘power plant

en visible, these
ft)-in height‘from'
Other necessary
file. |

=x1st1ng Imper1a1

gwood Road would

i

oct's distance from
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8. REGULATIONS AND PERMIT REQUIREMENTS

8.1 INTRODUCTION

ﬂ
Applicable envxronmental laws, regulatxons, execut1ve orders, and
other types of gu1dance were identified (1) by using procedures 1dent1f1ed
in the Draft Envxronmental Safety, and Health Requxreoents Document
(GEVR)(U S. DOE 1980), (2) by reviewing the EIRs (EIR 1978 and EIR
1979), and (3) by consultxng with SDGS&E and federal,*state and local

agencies. u

8.2 FEDERAL REQUIREMENTS

Federal requiremen?s that apply specifically to this project are
listed below. Summaries of these requirements are cootsined in the GEVR
(U.S. DOE 1980). ' i |

- 8.2.1 Federal laws $ §

1. Atchaeologxcal and ‘Historic Preservation Act of 1976 (P L. 93-291)
2. Safe Drinking Water Act of 1974 (P L. 93-523 sndiamendments)

3. Federal Water Pollutxon Control Act of 1972 as anended by the Clean
" Water Act of 1977 (P L. 92-500 and amendments) §

4. Rivers and Harbors Act of 1899 (33 U.S.C. 401 etvseq )
5. 8Soil and Water: Resources Conservatxon Act of 1977 (P.L. 95-192)

6. Endangered Specxes Act of 1973 as amended (P.L. 93*205 and

amendments)
7. Fish and Wildlife ooordination Act of 1934 (P.L.[121 and amendments)

8. Clean Air Act of 1963 as amended (42 U.S.C. 7401! et seq. and

amendments) |
9. Noise Control Act of 1972 (P.L. 92-574 and amendments)
10. Non-Nuclear Researéh and Development»Act of 1974 (P.L. 93-577)

11. Resource Conservation and Recovery Act of 1976 (P.L. 94-580)

197
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8.2.2 Federal regulations

1. Prevention of Significant Deterioration Regulations — EPA
2. Underground Injection Control Regulations — EPA
3. Hazardous Waste D1sposa1 Regulat1ons - EPA

. 4. Interagency Cooperatlon Regulations (Fed Reg 1978)

8.2.3 Executive orders

1. E.O. 11514, "Protection and Enhéncement of Environmental Quality"”

2. E.O. 12088, "Federal Agency Compliance with Pollution Abatemenﬁ

Regulations"

8.2.4 Other Federal guidance

1. Council on Environmental Quality, Analysis of Impacts on Prime and

Unique Farmland in Environmental Impact Statements (Aug. 30; 1976)

2. The United States Watgr'Resourées Council (WRC) prepared a Water
Assessment Report under the provisions of Section 13 (b) of the
" Federal Nonnuclear Energy Research and Development Act of 1974
(PL 93-577). The WRC report was published in the Federal Register
on July 25, 1980, gnd‘étates that. no significant water impacts will

result from the project. The Division of Geothermal Energy has
reviewed the WRC report aﬁd‘conéﬁfS“iﬁ'its"findingsm
8.3 STATE AND LOCAL REQUIREMENTS. o S

Applicable State of Callfornla and local requlrements are listed

below.

8.3.1 State of California requirements

1. California Endéngeréﬂ Species Act of 1970

2. Caiiforﬁia Native Plant Protection Act of 1979



8.3.3:;Imperiél County

(3 I N O S
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i
§

.  California Environmental Quality Act of 1970

. California Division'of 0il and Gas, Requirements

Operating Geothérﬁai_ﬁélls in California

H
|

i

I
i

tfor Drilling and

California Laws for?the Conservation of Geothermal Resources
6. Califbrnia ReéionaliWater Quality Control Board,‘ﬁffluent Discharge
Permit T ' |
8f3.2. Imperial County‘réquirements ; ‘
T - o 1‘%
1. Land use éhange:forggéothermal overlay zone'(comp%eted)
2. 'Building permit - : L
3. RoadADépaﬁtment»pefﬁit :
» . . i |
4. Fire safety permit | ;
5 ,Envifonmenfal Healtﬁ Division permit ;
6. Geothermal productién permit b

Rule
Rule
Rule 401 _ Emissioné Opacity
Rulé_>

Ru1e~407-;,Nuisance§

208 _ New Sourée Review; Permit to Operate -

403 _ Emissions Quantification

207 - New Source Review; Permit to Construct!

Air Pollution Control District. reQuireménts

i
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9. LIST OF PREPARERS AND THEIR QUALIFICATIONS

u ' . 1"
i . !t

‘: This Env1ronmenta1 Assessment was prepared by ORNL with the

a881stance of Radian Corporatlon and ‘Henningson, DurhaF and Richardson

for the Division of Geothermal Energy of the U.S. Department of Energy.

ORNL ‘staff and consultants contributing to this report gre 11sted below,
: 4 {

"ORNL Staff: . N o §

L. J. Mezga - Geothermal Assessment Program Manage

Cert1f1ed Professional Geologist .

r — M.S., Geology;

1“
it
l

H. M. Braunstein — Heber Geothermal B1nary CyclelDemonstratlon

Env1ronmental Assessment PrOJECt Manager — Ph.D.

Phys1ca1 Chemistry

LRSS
oo

Intemann — Geologlst - B.S., Geology

: Radlan Corporatlon , i

J. C. Wooldridge — Env1ronmental Planner — B.A. y S

graduate studies in Communlty and R

J.. V. Siteman — Envrronmental Planner - B.S., Tech
: Affairs
R. W. Dietrich - Environmental Planner — M.A., Geo

 Henningson, Durham and Richardson:

- D. A.'Kellermeyer — Meterologist — M.S., Meteorolo
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i
4
Tolbert — Aquat1c Ecologist — Ph.D., Ecology,

. Oakes — Terrestrlal Ecologist — M.S., Zoolog;

i

Ra
b
' F M  George - EnV1ronmenta1 Planner — B.A., Pol

il
'

I

oc1ology/Geography

glqnal PIannlng

itical Science

nology and_Hnman:

graphy
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10. AGENCIES CONTACTED DURING PREPARATION
OF THE: ENVIRONMENTAL ASSESSMENT .

N

| |
The Federal, State, and 1oca1 agenc1es 11sted below ‘were contacted

during preparation of th1s EnV1ronmenta1 Assessment to ;

aid in the ver1f1cat10n of information -presented 1n EIR No. 213-79,

1.
the Final Master Env1ronmental Impact Report for. the '500-MWe Geothermal
Development at Heber, Imperial County, Callfornla and EIR No. 170-77,
the Final Env1ronmental Impact Report -for the Heber Geothermal
Demonstration PrOJect [ L S ;
2. obtain more current ;nformation than that presenteﬁ in the referenced
R S ; ,
EIRs; and/or . }
]
: - oo
3. obtain additional new information on topics not addressed in the
. referenced EIRs.’ » ' o
Federal ]

State of California

4
U.S. Department of the Interior — USGS, Water Resqurces Division and
Offlce of Earthquake Studies

‘ — Fish and W11d11fe Service

U.S. Department of Agrlculture — Soil Conservat10n»Serv1ce
i U.S. Salinity " Laboratorles at
: Brawley and R1ve£s1de, CA.

U.S. Department of Commerce — Bureau of Economic Analy51s'

U.S. Environmental Protect1on Agency

U.S. Department of HouS1ng and Urban Development — Federal Insurance
Administration |

Division of 0il and Gas

Department of Parks 'and Recreation

Division of Fish andiGame

Regional Water Quality Control Board — Colorado River Basin Region

California Energy Commission
Division of Mines and Geology

State Department of Finance

203
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County of Imperial
Planning Department _
Department of Public Works
Tax Assessor and Collection Office
Air Pollution Comtrol District
Office of the Agriculture Commission
Audit Department

Other Agencies and Organizations
'Imperial Irrigation District
Lawrence Livermore Laboratory
City of El Centro — Community Development Office
El Centro Chamber of Commerce
Heber Utility District
Central Union High School District
Heber Elementary School District
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' APPENDIX A — MINIMUM RESERVOIR CRITERI

Minimum Reservoir Criteria

The obJectlve of th1s sect1on 1s to establlsh a

N

A

'set of m1n1mum

'condltlons that must be met in order for a hydrothermal (hot water)

reservo1r to qualify as a demonstrat1on site for 'a 50

' b1nary power plant.

, Mean reservoir temperature should be: greater
"'.and less than 200°C (392°F)

“a L

A m1n1mum reservoiri temperature is chosen because

convers1on technology does not permlt economic power

. geothermal fluids cooler than 150°cC. In actual practi

must be. hlgher than 150°C for near-term competitive power

LMWe.geothermal__.

W
:

than 150°C (300°F)

. I

current state-of

productlon w1th
b L
ce the temperature,?

A max1mum "

stemperature is selected because high temperature reservo1rs are. not

b;representatlve of the large moderate temperature hydrothermal resource .

gof the U.S.

About 80 percent of the identified geothermal resources for :

5e1ectr1ca1 product1on are in the 150°C to 200°C tempErature range

A maximum reservoir: ‘temperature is. also chosen

because current

: state of geothermal downhole pump technology does not allow placement at

depths greater than 1000ﬁfeet
static hydraulic head is ‘at a maximum of 433 psi.
5-'_approximately 100 psi must be met to ensure that there
in the intake of a pump operatlng in this env1ronment

.the maximum geothermal f1u1d saturation pressure mus

At well head depths of 1000 feet, the »
A NPSH requirement of ;

w111'be.no cavitation -
This,meanslthatkup.fn

t be'lessvthan

:_A:333 psi which requires a fluid temperature of less thar 2206C'(saturation

“temperature at 333 psi) tO‘prevent vapor from causing

pump cav1tat1on

Ip actual practice, dependlng upon the amount of noncondensible gases in

~ the fluid and- 11m1tat10ns of pump bear1ngs and seals,
: than 200°C will be 11m1t1ng

b,

H1gh salinity will cause excess1ve scaling and co

temperatures less = .

Salinity of the geothermal f1u1d should be less than 50 000 ppm

rros1on (foullng)

of the binary system heat exchangers and ‘extensive spent- f1u1d proce551ng cnﬂh"

prior to injection.

i
Jt
4
1
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c. Depth of the reservoir. should be less than 10 000 ft (3 1 km) B ‘

and wells should have a m1n1mum flow rate of 700 gpm "when’ pumped:

A very sharp rise 1n well dr1111ng cost occurs at depths - greater
. than 10 000 ft and the dr1111ng cost. per Mwe capaC1ty 1ncreases sub--
'-)stantlally w1th well. flow rates of less than 700 gpm

“dd;r The reservo1r should be large enough to support 81gn1f1canu

',fdevelopment potentlal (JlSO MWe) for 30 years or more.

Slgnlflcant development potent1a1 and m1n1mum reserv01r 11fe is

requlred for capltal amortlzatlon purposes

e Demand for power and 1dent1f1ed ut111ty 1nterest should ex1st

-1n the reglon

o MaJor transm1s31on lines are uneconom1ca1 below 500 kva | capac1ty
' and -new lines present s1gn1f1cant env1ronmental and permlttlng problems

W1thout ut111ty interest the resource cannot ‘be developed

Cf, Adequate supplles of coollng water should be avallable, at least

for the near term

Dry coocling towers_and combination wet-dry cooling towers are not
viable alternatives in the near term for binary plants,betause the cost
of a power plant increases at least 50 percent over the cost of a plant

employing wet cooling towers.

g. There should appear to be no overriding environmental or .socio-

economic constraints.

Significant environmental or socio-economical constraints could

delay or prevent proceeding with the demonstrat1on

h. There should exist adequate data upon wh1ch to base reliable

estimates of reservoir size, productlon, and injection characteristics.

Without adequate development and sufficient wells drilled and tested,
the above minimum conditions cannot adequately be addressed and a
successful demonstration would be questionable. If the demonstration
failed due to an inadequate reservoir, it would substantially.retard

development of geothermal energy. - _ S ' ) .




‘Q7064‘-ff: Salton Sea- area' .- T 323-

‘1‘Q OS%A-QF'A Kama1111 Homesteadsv(B) : 273

184" Newberry Caldera  (B) 230

209 °  Roosevelt Hot éprings _ - 265

" Notes:

209

oo

- 'Existing Reservoir Evaluation

@

i
B |

'fThis section_evaluaﬂes(all the known hydrotherma

" . reservoirs against the minimum reservoir criteria. - In

S£“790 "Assessment of Geothermal Resources of the United

all the known resources that have estimated temperatur

150°C are llsted w1th thelr known characterlstlcs (Ceru

~a. Resources too hlgh in temperature (J200°C) a

. (JSO 000 ppm. TDS) to quallfy for the binary demonstrat1

ervo;r

‘No.. ~  Resource Name ?empe %ure,

20 |
15

n
<)
%
4+

018 . Geyser Bight |  (A,B)
' . (AB 217
056~ Long Valley Caldera (B) 227
'.057.f-~'-fCoso ‘area Af 3 : 220

I
1‘

041 f tv_'Mofgan Spfingsi
11

‘:.:Q64A't';"Westmorland '3 5 (B) e 217,

. 065' :“”Brawley A ’E - -i‘ S 253
| ' 12
fj'oss"Vf’ Kapoho ReserV01r (A,B) - © 275
148 " Desert Peak area © (B) | o221
151 Humboldt House | (A,B) . 217
{3,162';:~ | Beowawe Hot Sprlngs (A V i229
171 . Valles Caldera! 213

‘ 196 " Hickey Hot.Spr%ngs_~(B) : 1205

B R R E N e T P T P P S R N TSN P

8 215 "'Yellowstone Caldera (C) o - 267

A Less than 150 MWe for 30 years
B Lack of adequate well data

C Area withdrawn from commercial exploration

8 |

10 -

14 |

1 (hot

States

DN s1te

water) -
USGS Clrcular'

- 1978,"

es greater than.
790 Table 5)

nd/or sallnlty  ‘:j:m s

10 . g

1]
16

20 |
10 |

. Fluid Salinity = 0.0
Y oom TS
A_jNéEQatafa:"s:' ;.
S Nodata
35,0000
'*;33200;0005f3'” L
B0
©13100,000 .
. Nodata Y
AL:Nq'&atA,]J"t_\, T
No data;ﬁ>;" RO
Wo- data :
“No dataﬁ”Tk_
‘frio;ooo'-["'
No dataj' , \
" No datatyt\_
| ,Elo,ooo_jtf.?.
_7,@Ng¥&ata.i
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laResources W1th electrlcal energy potentlal of less than 150 MWe . for 30 - ' ‘

"~_years and/or lacking adequate wells or well data (appllcable resources
‘f’from the prev1ous table are not repeated) . RN )

Electrlcal Energy Well Data

No. . .~ Resource Name

""f*; — o | MWe for 30 Years *No of wells/depth

SEPUR ) ¢ A

1029

035

‘Hot Springs Cove
Bailey Bay Hot Sprgs
. Power ‘Ranches Inc.
. Surprise Valley

D)
(D)

\ (D,E')'f
(D,E)

27.

26

23

1490 .

“'No wells

No wells * o
2 ~ 3 km
8 -2 km

046 - Sulphur Bank Mine (&) 75 . 4=-l1l2kn
}947JA‘f','C%ea£dLake Volcanlc‘ (E) L 900 B ""’3 S 3 km

"7 058 - . ' Rondsburg area Lo 84 . - 1-0.2 km
© 7070 . Border - om - 31 " :'No ‘wells -
078 Paradise Hot Sprgs () - 2 : ‘No~ wells
_-.083 - = Steaming Flats D) Yo estimate Mo wells .
A:'f,f 093 = . cEane Creek-Core  ° ‘(E)*' 340 R 5 - 0.6 Kkm »f.f~
105" °° . Big Creek Hot Sprgs (D) ~. 26~ . " Nowells '~
‘130 - © | Baltazar Hot Sprgs (D) - 46 - No wells.
v, 132 - Pinto Hot Springs ' - 90 "1 =Fl km ~
137 . . Great Boiling Sprgs 32 1 - 0.2 km
. 138 . - San Emedio Desert = . 28 o No wells. -
“141 Steamboat Springs  (E) 350 -6 - F0.6 km ;
143 - . Lee Hot Springs . .- - 28 -+ No wells .
. '144 - Soda Lake - (D,E) - 146 .2 =1.3 km
145 ,Stillwater area - (D,E) - “450. - " 1-1.3 Km
- 146 . . Fernley - o B r(E) 33 3 - FO.3 km-
. 147 .- . Brady Hot Springs - (D,E) 157 = . 13 - F2.3 km
2152 ¢ - Kyle Hot Springs. (D) © 97 . 'No. wells & _
- "154 . - Leach Hot Springs M- 77 : SV;No,wells_;;
164 - Hot Sulphur Springs = (D). . 27 -~ . .. No wells .
©190 -+ °  Crump's Hot Springs . CoeL s T 1y 002 km
197 - Alvord Hot Springs- -~~~ -~ 49 . - - “ " 'No wells
7198 - Hot (Borax) Lake area - . ~ 91 . - No wells
+ 199 Trout Creek area ) '24 .. No wells.
+203 " . Neal Hot Springs I 36 .« o Nowells . .. |
' 204- - Vale Hot Springs . .~ (D) . . 870 S ... . Nowells. . .
208 . " Cove Fort-Sulphurdale. (E) - 330 S 3 -F2.3 km:
213 - - Gamma' Hot Sprlngs o SRR "~ No wells "

Netes: D Marglnal mean reservoir’ temperature : L :
' E Lack of s1gn1f1cant well product1on or 1nJect10n data v

e
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c. Resources potenﬂially qualifying for the binafy demdnstratipn_
i - - i u PR

power -plant site. @L?% Le H S\

There are only two known resources that have thg potent1a1 of
meetlng the estab11shed reserv01r crlterla for the blnary demonstratlon

!
plant. These are Heber and ‘East Mesa both of which are located in the

k

ll

n

Imperial Valley of Callforn1a

East Mesa . ; i -
! | e
.East Mesa has a mean”temperature of 182 + 7°C,fa?
of 2, 000- 28,000 ppm TDS and an electrical energy potentlal ‘of 360 MWe

for 30 years, and over 25 wells between 0.9 and 2.8 km‘deep have been{
drilled and tested. f - - ' }, '

East Mesa field development is presently being carried out by .~

water salinity -

Repub11c Geothermal, Inc. * under a Federal loan guaranty'from the Bank

of America and by Magma’ Power Company under prlvate f1naneing ‘AMagma

is constructing an 11.2- MWe (net) hybrid binary power plant, scheduled
for operation in 1979. San ‘Diego Gas and Electric (SﬂG&E) has agreed
to buy- all the elctric1ty produced by the plant. New Alblon Resource
_ Company (NARCO), a subsidiary of SDG&E, has completeAla trade w1th
Magma Power that gives SDG&E first call on all power dLveloped on’ the
Magma/NARCO leases at East Mesa (165 Mwe). -~ - - l ' R
Republic Geothermal nnder the loan guaranty has initiated design-
of 'a flash-steam power p@antf The plant will consist of a 10 MWe '
generator installed in l§80:and 50 MWe generator installed in l§81.7
SDGSE will operate the ﬁlant for Republic, "Electricity from the "
plant will be purchased hy the Imperial Irrigation District (IID).
Union 0il Company of California also owns leases| at East Mesa
~ but presently has not initiated any field development. ‘ '
: s P : '

}
1
|
)
|
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Heber

Heber has a mean reservoir ‘temperature of 175 + 5°C, a water
salinity of 12,000-20,000 ppm TDS and an electrical energy potential
of 650 MWe for 30 years, and over 15 wells between 0.6 and‘§.1 km deep
have been drilled and tested. L

Heber field development is presently being undertaken by the three
lease holders,, Chevron, Union, and NéRCO, with Chevron as Unit Operator.
They plan to jointly produce this resource in commercial quantities to
its maximum capacity In May 1978, SDG&E was granted by the County of
Imper1a1 as lead agency under the California Env1ronmenta1 Quality
Act, a Conditjonal Use Permit (CUP) to build a 45 MWe net binary demon-
stration plant. At the same time, Chevron was granted a CUP to construct
and operate the geothermal production and injection facilities for the
power plant.  Concurrently, a special 7,320-acre (2,957 ha) G-Overlay
Zone was created to allow geothermal development at the Heber field.
The environmental effects of these actions are addressed in Imperial
County EIR #170-77. SDG&E has exercised its option to purchase the
50-acre site.fpr the binary plant and a follow-on unit. Southern
California Edison (SCE) is also -applying for a permit to build a
45 MWe net flash-steam power plant at Heber. They plan to have the
plant in operation at the same time as the binary demonstration plant.
SCE based on informal conversation, is not 1nterested in building the
first commerc1al binary plant because of the perceived risks, but has
cqntributed to the proposed plant and would lihe to compare results for
future resource'expansion. 'The County of Imperial has'issued and approved
a Master EIR (#213-79) for up to 500 MWe of flash and binary power plant
development at the Heber reservoir. , -

The development as envisioned in the Master EIR would consist of
a series of geothermal power plants (seven are planned at this time for
a total of 500 MWe), with a sufficient number of prdduction and injection
wells to produce geothermalffluid.fgr the power plants and to return the
spent fluid to the geothermal reservoir from the Geothermal (G) Overlay

Zone near Heber. Since the power generation process will consume a
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portion of the geothermai fluid produced, the project jalso inéludes-
proposed facilities to withdraw, treat, and inject water from the New
River 1nto the geothermal reservoir. Thus, as required by The Imperial
County Geothermal Element ‘of the General Plan, the same|amount of fluid
produced from the geothermal reservoir will be 1nJected back into it.

In conJunct1on with this development envisioned 1nfthe Master EIR,

the County of Imper1al, as lead agency under the Callforn1a Environmental
Qual1ty Act has acted on . the follow1ng (1) a cup appllcatlon by SCE to
construct and operate a 45 MW dual flash cycle geothermal ‘power plant;
(2) an amended Cup app11cat1on by SDG&E to construct anh ‘operate either
a 45 MW b1nary cycle or a 49 MW dual flash cycle geothermal plant; (3)

a CUP appllcat1on by Chevron to construct and operate‘the supportlng
product1on and 1nJect10n fac111t1es, and water treatment/1nJect10n
facilities. o . .@'“

‘The water treatment/1n3ect1on facilities will’ resemble a waste -
water treatment plant To support 50 MW of capacity, 50 000 (62 hm)
acre-feet of water would ‘be diverted annually from the New River at
the Clark Road faC111t1es site. The diverted water would be treated
and used as coollng tower or injection makeup. As part of a separate
contlngency plan, up to 20 000 acre-feet/year (24.7 hm) ‘of water could

be dlverted from the New River at the Drew Road Cross1hg to supply the
requlrements of SDG&E fac111t1es Under any cond1t10ns, the maximum
annual d1vers1on of water would be 50,000 acre-feet (62 hm) .

" The wells to be drxlled for the proposed geothermal development
would be s1m11ar to a number of other geothermal wells already drllled
at Heber and other areas of the Imperial Valley. To minimize the use ‘of
land, the wells will be clustered on "jslands" at the |[surface and will
be "directionally dr111ed" outward from these 1s1ands Production
wells will be located adJacent to the power plant they supply, 1nJect10n
wells will be 1 to 2 miles (1.6 to 3.2 km) distant, connected to the
power plants by fluid transm1881on p1pe11nes

Power from the 1n1t1a1 plants would be fed into |existing power
transm1SS1on 11nes, wh1ch mlght require some upgradlng Eventually,

as more plants are developed, an additional large transmlss1on line
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across the ImpeArial Valley would be required. The environmental effects .
of the new transmission line are addressed in another EIR (#223-79)

being prepared by -'Imperial County.
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| APPENDIXlB - ALTEPNATIVE-METHODS.OF BLOWDOWN DnscHARGE',h D
o ﬁ,u_

After the f1rst f1ve years of plant operatlon an dlternat1ve source

'jof make-up water may be requlred As detalled in Res
'umost l1kely alternatlve .sources of water are New R1\

S1nce blowdown concentrat1

sources w1ll be around 20 000 ppm, dlscharge to surfaq

ujproh1b1ted

_ Several alternatlve methods of blowdown dlscharge
a spec1f1c method has not been determlned the . follow:

AAposs1ble

1. Dlscharge to’ Sal1ne Bod1es of Water

Return of blowdown to other bod1es of water, suc
'Callfornla or Salton Sea,_ls con51dered technically a
t_unfeas1hle due to the 1engths of . p1pe11ne required.

2. Retentlon in Evaporatlon Basin .

Discharge'ofAtheeblowdown to an evaporation‘bas
This|

is an alternative for the‘Heber Binary Plant.
- employed in -similar apﬂlications,Afor discharge of
"blowdown and other liquid waste in arid areas where b

ratesAoffer'an;economicaljmeans of liquid disposal.
- Location ?
' The site would be located in a geologically sta

would be su1table for construct1on ‘of an evaporatlo

4 the

er water and

ponse No

ons uslngjthese
efwatersgwill,be'

b

exist.

ng methods are..

1 as the Gulf of

nd economlcally

-

|

in of 84 acres
practice is
“0o0ling tower

Ligh'eVaporation‘.

ble area which -

n baS1n 3The

'tevaporatlon ba31n will be located so as to minimize 1mpacts on” current

land uses.
rarea-apprOX1mate1y nlne‘mlles west of the Heber sit
dlameter underground pressurlzed p1pe11ne would be re

,,the blowdown ‘to this area.

The probable location would be in the undeveloped desert

A 3.5- 1nch :

quired to convey

Although ”jl‘ﬂ‘
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‘The eyaporation hasin'area.is'sizedvto allow for continuous-
'evaporation of blowdown while ‘the volume of the bas1n is suff1c1ent to
retain all of the solids accumulated during the life of the plant ‘An -

’ 88 1nch per year evaporation rate for the blowdown was calculated by

..‘derating the average evaporation rate typical of - the Heber 51te (113

:".1nches per year) to account for - sa11n1ty (approx1mately 25% at.

b,saturation) and rainfall (3 1nches per year) With a yearly average

f,»blowdown flow rate of approx1mately 470 gallons per. minute (gpm) from

the ‘unit, the total evaporation bas1n area w111 be 85 acres The'
.raccumulation of salts. during each year of plant operation w111 be.
lapprox1mate1y 660, 000 cubic feet. ThlS assumes a dry salt dens1ty of y:
50 pounds per cubic foot which 1s a conservative estlmate of the . salt ‘
o dens1ty -The - depth of the ba31n required to retain all the SOlldS over ..

a 25 year plant operating llfe is eight feet 1nc1ud1ng a three foot d':

‘-'freeboard allowance

- Liners -

A 11ner of suff1c1ent 1mpermeab111ty would be 1nsta11ed along the
: :bottom of the basin and 1n31de the perimeter d1kes to 1solate the brine
solution and, thereby, prevent‘contamination_of surface water or groundeﬂh'
‘water. . - | ” _ | - B
| Synthetic membranes, asphaltic‘concrete,'and compacted?clay}are

.among‘the materials which’would be considered as liners‘for the eyap;‘.
‘oration baS1n Laboratory permeablllty test data for polyv1nyl chloride
ﬂw(PVC),,chlorinated polyethylene (CPE), Hypalon, asphaltic concrete,

- and compacted clay have been obtained from laboratory studies by othersv_f o

(2), (3), (4), and are 11sted in Table 3 in order of 1ncreased permea-

_ b111ty These values range from a low of 10 -12. centimeters per second -
'(cm/sec) for typical synthetic liners (Hypalon, PVC CPE) to 10 8'cm/se_c' '
for a high quality ‘compacted clay 11ner
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A. Synthetic MembraneSLf : S . ;

[
4

|
Synthet1c membranes (PVC CPE, Hypalon) ‘dre- 1nstalled in sheets,

typ1cally 20 to 30 mlls th1ck Thesevare avaxlable 1n both reinforced

{
A PVC membrane. could be used to line the basin, prov1ded the mem-

and unreinforced types.

_brane is covered by at least a foot of soil. The so1l cover prevents
embrlttlement of the l1ner by protectlng it from sunllght heat ’and.
wind. The soil cover must be placed carefully to prevent damage to
the liner. ? R

CPE and Hypalon are much more resistant than- PVC to- weatherlng
and are usually left exposed unless there is dangerrof mechanlcal
damage to the liner. CPE and Hypalon could be left exposed on the
bottom of the basin wh1ch would soon be covered by. salts and water.
The liner on the slopes ‘would be protected by a gravel cover. Slopes

would be graded to 3:1 to prevent sliding of the gravel placed ‘over the

!
1'-

l1ner

A recent ‘example of a large scale appllcatlon of*synthetlc liners

is that of’ 'a paper m111 in Florida, where 30 mil Hypalon was used to

line a secondary treatment aeration lagoon having an area,of 120 -acres.

B. Asphaltic Concrete Liner :
] i.

A 4-1nch thlck asphaltlc concrete liner could be used to l1ne the

-slopes and base of the bas1n The interior slopes of the dikes’ would
probably be 5:1 to allow placement and compaction off the mix in the
d1rect10n parallel to the ‘dike crest. Compaction in this direction
provides a tighter seal at the joint between adJacent lanes of asphalt.
‘This design was used successfully at a 50-acre evaporation basin

3)

recently constructed by:an'electric‘utilitj in Nevada

|
|
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Table 3. Permeability Coefficients of Typical Liner Material -

Approximate
Permeability Coefficient

Material e ' . (cm/seé)

Synthetic liner materials (Ref. 2) , -
PVC . L 10-12

CPE | 10-12
Hypalon 10-12%

Asphaltic concrete, 8.5 percent

asphalt by weight, compacted

to 97% Marshall density (Ref. 3) 107
Mbderately pléstic clays,

compacted to void ratios of

0.2 to 0.50 (Ref. 4) - | 1078
Note:

t

*Data”availabié for CPE, which is practically the same formulation

as Hypalon.
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é C. Compacted Clay ‘ ‘]; 4,

‘ i
Compacted clay would be an effective liner prOV1ded

‘1. Permeability of the‘compacted clay is low; i

2. Ion exchange properties are favbrable.(i.e;,%the clay  will
not become more open and permeable in a saline environm?nt);
' ' : !
3. The moisture cdntent of the compacted clayfriner can be-
!
controlled to prevent drylng and cracking of the 11ner prior to the’

4(.
'

start of blowdown ‘
A program of field investigations and laboratory tests would be
required to document thefavallablllty of a suitable c}ay source. The
dikes of a clay-liner basin would probably have 5:1 %ﬁtgrior slopes
to allow placement and compaction equipment to operate parallel to the
crest of the dikes and tg help dissipate wave energy. i"The slopes would
be covered with gravel to prevent erosion of the llner“‘ At an eleétrié
generatlng station near ;Barstow, California, compacted clay was used
to 11ne five evaporating basins with a total area ofl130 acres. The
clay liner is covered by 8 to 10 inches of gravel rang1ng from 1 to.
6 inches diameter. (6) Cracklng of the liner was preveﬂted by saturatxng

" a one-foot thick sand layer placed over the clay. F1e1d observat1ons

showed the treatment would prevent cracking for a perlod of about four
months. The operating ;nstructlons for those basins reqnlre that no

basin is to be left dry for more than two months.

Construction

~ Construction of thé evaporation basin will consist of two main
éctivitiés: excavationiand fiil placement required {to prepare the
bpttam of the basins and the dikes forming the basin perimeters and
installation of the basin liners. '

The natural soils in the basin area could be used to construct

the base and dikes of the basin. Water would be added to these soils

during placement to ensure adequate compaction.
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The ihterior slope of the dikes would be approximately 3:1 if
a‘synthetic liner were selected, and 5:1 if an asphaltic concrete or.
compacted clay liner were selected. The flatter slopes for the
asphaltic concrete or clay linerswoﬁld permit better and faster
compaction by allowing the compaction equipment to travel parallel to
the dike crest.. The extef?ér slopes‘would probably be 3:1 in all cases.

The dikes surrounding the evaporation basin will be designed to
withsténd_the effects of eérthquakes? For final design of the basin
slppes,'field invgstigationé will be performed to determine the sub-
surface conditions beneath the proposed dikes, and laboratory soil
tests ‘will be performed to determine the static and dynamic properties
of the soils to be used in dike construction. Static and dynamic
analyses will then be performed to assure that the dikes will have an
adequate factor of‘saféty. g

" The permeability of the evapordtion basin liner with respect to
the blowdown will be -carefully investigated prior to. and during
‘construction. For an asphaltic concrete liner, samples containing
various asphalt.percentages would be compacted to a rangé af deﬂsities
and tested fof permeability; A similar program would be employed to

 test compacted clay samples with the additional requiremént‘that the
tests be conducted over ‘a suffiCi@ntly long time to allow ahy change in
pérmeability caused by ion exchange. For a synthetic membrane,
permeability tests would be performed on samples of représentative
‘materials supplied by liner fabiicators.

N A field quality contfoi, program will be employed during
installation of the liner to emnsure proper procedures are adhered to in
placing and compacting the liner material.

 Field quality control for a synthetic liner would include inspection
of each sheet and thorough &hecking of every foot of seam to assure
proper overlap and bond. All seams would be field tested using a high
pressure air jet, and peel tests to check solvent bond would be made on
seém strips taken at random. Perméability teéts would be performed on

representative sémples of the installed membrane.
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F1e1d quallty control dur1ng construct1on of ‘an asphaltlc concrete

- or clay 11ner would 1nclude oné or more test sectioms to determlne

'ﬁoptlmum procedures for plaC1ng and compacting the liner- materlal gTheEw.i

o asphalt m1x1ng plant would be- mon1tored ‘to assure. comp11ance W1th the

‘;ﬂ:JOb speC1f1cat1on, and f1e1d tests would be made to assure the spec1f1ed

density had been”ach1eved. A number of asphalt1c concrete cores would

_ be tested for permeabillty.i Forua clay liner, .the ‘borrow and placement '

operations would be monltored to assure the material supplled and the.

"as-placedfdensity meet job specifications. lA’number of undlsturbed

samples obtained from the liner would be tested for permeablllty 'In'7i'”

| .gadd1t1on, a small clay-11ner basin would be constructh to observe the

e_length of time that a blanket of 1n1t1a11y saturated sand would prevent

- Operation -

A system to mon1tor groundwater levels and groundwater*qualityswlll p\-m

be 1nsta11ed 1n the evaporat1on basin area. The mon1ior1ng system will:

lcons1st of a ser1es of observatlon wells 1nsta11ed along the ba31n

' per1meter and at several locat1ons along 1nter10r dlkes ’ Groundwater

{samples w1ll be. obta1ned from the observation wells prior to. dlscharlngfp

blowdown 1nto the bas1ns The samples w1ll be tested for chemical -

compos1t10n and the results will be compared to the quality of ground—r‘J,VG

water samples obtalned per10d1cally from the observatlon wells dur1ng
operatlon of the bas1n Groundwater levels will also_be measured :
perlodlcally | ' '

The 1nf1uent flow of blowdown to the bas1n w1ll be mon1tored

Test evaporat1on pans w1ll be 1nstalled to measure a water balance of-:"

‘evaporation’ loss and 1nf1uence flow.

The pond per1meter w1ll be fenced to exclude entry by an1mals
-and unauthor1zed personnel . The area on the sides |and top of . the
- d1kes will be kept free of emergent vegetatlon so as not to attract

waterfowl
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‘DecommisSioning

. Upon completion of the generatlng station operatlonal llfe, the
ievaporation basin- will not receive any add1t10nal 11qu1d release. The .

. basins will then be decommissioned in an env1ronmenta11y acceptable

" - manner ut11121ng the most practical and economical means available at

3'that t1me wh11e complylng w1th all ex1st1ng state and federal regulatory

requirements. o _ _ ' ' '
The groundwaterfmonitoring system used during the basin operation

period_will continue to be used for a sufficient period of time'to

demonstrate the effectiveness of the decommissioning procedure.

3. Injection into Geothermal Reservoir

'Injeetion of conditioned blowdown into the geothermal reservoir is
an. alternative for the Heber Binary Plant. " This praetice is employed in
similar appllcatlons of geothermal power plants at The Geysers and qu1te'
exten51vely in the enhanced oil and gas recovery industry.

Blowdown treatment facilities would prepare the blowdown for 1nJect10n

into the reservoir. The design criteria would be similar to those of .
the New River Water Treatment Plant, as proposed by'Chevron to support
the nomlnal 50 MWe geothermal flash power plant of Southern Callfornia
EdlSOD (Master EIR, pages II- 13 and II-38). _

'.The Chevron water treatment plant will be designed to produce a
' stable, sanitizeq and deaerated supply of mater which is free of susr
pended solids (less than two'parts per million). The unit operationsb
which may be employed are shown in Figure 2 (Fig. B.1). As indicated in
the diagram, water toibe treated flows through a trash rack and comminutor
to a lift station. Large debris is removed by the trash rack and loaded
on truckS'for disposal. Large pieces of organic material are chopped up
. as they pass through the comminutor.
o Water is pumped from the lift station to a primary sedimentation
tank. Part of the suspended solids séttle out in the primary sedimen-

tation tank. A packaged alum feed unit is provided to facilitate
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' sevttlingvA.out‘ of solids. Effluent water froal‘the primary s.edim_entation : .

4tank.flqws to an aeration tank, which is sized for -a hinimum BOD5
removal of 85 percent. v

' Aeration tank effluent water flows to'a clafifier, where the

' eludge solids are separated from the water' Settled solids are

'pumped to the -aeration tank for reuse or to the sludge dewaterlngve
unit for further treatment. ' The sludge dewaterlng unit- consists -

.of a preliminary.thickener to reduce the water content to 92.percent;%
followed by a vacuum filter to reduce the water ;bntentvto 70 percent,;"

The sludge from the vacuum filter is loaded on tracks forwdieposalg'

Clarifier effluent water is puﬁped through filters to a
’chiorine.contact chamber. The filters utilize anthracite.and sand -
media to reduce suspended-solids content to two parts per million.
Chlorine is injected. into the chlorine contact chamber from a
-chlorinator unit ' ,'

‘The effluent water from the chlorine contact chamber is pumped
to a dega31f1er unit. The degasifier unit. reduces dissolved carbon
‘dioxide content to 10-15 mg/l and dissolved oxygen content to 0.2 mg/i
and consists of a column packed with Rashig Rings, a vacuum pump, and
a degasified water collection sump . Treated water is pumped from the
sump to the injection pumps or to a backwash storage tank.

‘ ‘The backwash storage tank has suff1c1ent capaC1ty to supply the .
water required for one backwash of the operating filters. Backwash
waste water is discharged to the aeration tank. The treated water
leaving the plant is pressurized for injection into the geothermal
reservoir. _ -

After the first five yeats of plant operation;_power plant
cooling water will be essehtially agricultural drain or New River water
ﬁhich has been conditioned for use in the cooling system where the total
dissolved solids are concentrated to about fpuf times the original
value. The cooling water has had the great majority of suspended
SOlldS removed, been aerated in the cooling tower operatlon and been

chlorlnated to prevent b10fou11ng

e e LMl LN e el P - - . R
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. ; | .
‘Blowdown'(max flowh- 1.6 cfs) from the cooling}&ystem would be
conveyed to the Chevron New River Water Treatment Plant (at the Clark
'Road crossing of the New R1ver) in an 3.5 1nchf;ressur1zed underground
p1pe11ne.; It would be combined with New R1ver water at Point 1 on the
block process ‘flow dlagram (F1g -B.D). The blowdown can. be entered at
thls stage .of. -the - water treatment process because suspended -solids
‘removal aeration. and chlorlnatlon have already been accomplished.
- Therefore, the blowdownzns a much "cleaner" water thangraw_New River

water.

g
e

*1 The add1t1on of th1s much "cleaner" blowdown 1nto the Chevron '
treatment plant would have several advantages The prlmary benefit
would be the Trediction 1n the diversion of New R1veerater neéded to
support the Chevron/SCE geothermal flash power plant. h81nce the blowdown _
is cleaner", operation and ‘maintenance expenses for. the water treatment
facility could be reduced e )

Laboratory and pllot studles will be necessary to determlne the
compat1b111ty of the cool1ng tower blowdown w1th the kew R1ver water
prior to combining the two streams in an operat1ng tr%atment fac111ty.
If ‘the tests are successful the blowdown could be dispersed'of as
outlined above. If difficulties did arise, the blowdown could be treated
in separate facilities and injected into the reservo1r in separate

wells. g ﬁ ]
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The ORFAD ‘model was run ut11121ng two sets of meteorologlcal data' ‘
.two years of surface meteorologlcal data from Blythe, Callfornla, on a ;
NOAA weather tape and 12 months of the 22 months of meteorologlcal data
,collected at the Heber s1te by SDG&E * The results us1ng Heber data
should be. more approprlate, 51nce these data should reflect most closely:;
'~ the - 1oca1 W1nd temperature, and hum1d1ty cond1t1ons However, the 'J'AZ ,
- Heber s1te data was less complete than ‘the Blythe data, with - only 79%‘5fﬂ}%¢fl"‘
data recoverab111ty compared to.99% at’ Blythe ' ' - =
The est1mat10n of - drlft dep051t1on and amb1ent concentratlon of ,
salt part1cles was performed for six cases It was assumed that for thef;;“QI
f1rst f1ve years of operatlon that the TDS content of the dr1ft 1s equald
to the blowdown ‘solids content of 4000 ppm After f1ve years, the TDS T
content of the drlft was assumed to 1ncrease to 20 000" ppm.. For each of;'
these two cases three dlfferent dr1ft rates were assumed 0. 002%’,* .
' - 0. 008%, and 0 1% of. the C1rcu1at1ng water rate. These three rates can ;
be con51dered ‘to represent a state- of- the art dr1ft e11m1nator, a standard.,;iﬁ"
.dr1ft e11m1nator, and no drift eliminator.. . o SRR
Each case was run twice to: y1e1d both -a . near—f1eld v1ew and an Mhah:'
.expanded view of the 1mpacts The purpose of the near f1e1d (to 1.5 o
mlles) study was to detall the. reglon where 1mpacts are ‘maximum. ORFAfo
'allows speC1f1cat1on of up to 19 depos1t10n dlstances which l1e equl-l' :
d1stant between depos1t10n boundarles The dep031t10n value glven by
the model at each of  the 19 dlstances 1s an average value . of the
dep051tlon for the entire 1nterval between boundaries. . ”
The salt partlculate concentrations. calculated uS1ng the Blythe
weather data are g1ven in Flgure D 1 F1gure D.2, and Table D.1 for the
near-f1e1d V1ew and in Flgure D. 3 Flgure D 4 and Table D 2 for the
expanded v1ew . The max1mum 1mpacts occur to the north and northeast of
the cool1ng tower. ' The max1mum 1mpact occurs for the 20, 000 ppm and
0.1% dr1ft case. " The maximum annual average salt concentrat1on for th1s
case ‘is 250 ug/m wh1ch 1s well in excess of the annual TSP standard of
75 pg/m - In. fact, ‘this 75 pg/m3 level - is. exceeded out to 0. 2 m11es
from the tower. All other cases are 'below ‘the annual standard even for o
‘ <the 0. 1%, 4000 ppm case - It appears that the very high drift rate of - . .
s . 0.1% is unacceptable when “the dr1ft water conta1ns 20, 000 ppm of d1ssolved

‘:"SOIIdS
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HEBER MECHANICAL DRAFT TOWERS ‘ORANGE = 19

e k-

180 A
SALT CONCENTRATION IN AIR(zg/m*)x10
Fig. D.2 Near-field cooling tower salt particulate concen-

trations in air for the 20,000 ppm case (Blythe

weather data).
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e .
Table D.1. Near-fiold salt particulate concentrations eorrapondioz\'g to Fig. D.1 .
and Fig. D.2 (Blythe weather date) i

|

;.

. : i
. . rticul i
Coolingwater  Drift Salt particulate concentration

. 3
Period of TDS content  rate ug/m’) =
operation ' ppm %  Isopleth Isopleth Isopleth Isopleth Isopleth Isopleth
- 1 2 3 4 5 6
First 6 years 4,000 0.002 0.9 04 0.2 01 . 006 002
‘ 0.008 37 18 0.9 05 - 02 0.1
' 0.100 450 25 112 5.6 28 14
After 5 years 20,000 0.002 5.0 25 = 12 0.6 03 0.5
: 0008 200 - 100 5.0 25 2. 06

0.100  250.0 125.0 62.5 31.2 15.6 78
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ES-5284
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N
270 ,5?% MLes

SALT CONCENTRATION IN AIR(ug/m’)x10

Fig. D.3 Expanded view of cooling tower salt particulate concen-
trations in air for the 4000 ppm case (Blythe

weather data.
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Table D.2. Salt particulate concentrations corresponding to Fig. D.3
and Fig. D.4 (Blythe weather data)

. - Salt particulate concentration’
Cooling water  Drift P

. 3
Pe.n_od.of TDS content - rate (ug/m”) . — .
operation (opm) - (%)  lsopleth lsopleth lsopleth lsopleth lsopleth Isopleth isopleth
A B 2 3 4 5 . 6 - .7
First 5 years- 4000 . 0002 .. 125 062 031 015 . 007 003 - 001 .
L o008 500 25 125 062 031 0.15. - 007 .
C : 0100 600 300 _ 150 75 37 18 .09
© After§years - 20000 ~ 0002 .20, 10 . 05 - 025 012~ 006 003 .
B 0008 . 80 . 40 20 10 .65 025 .. 012

0100 1000 500 - 260 125 62 .31 16




*”fchange in drift dep031t10n with distance in the direc

"1_aié those with the dr1fthrate of 0.1%. The case with

! 7 2641

The results of the salt concentration calculatlons

- site data are contalned 1n Figure D.5, Figure D.6, and ?able D.3 for the

i
1

]uslng the Heber

vnear-fleld V1ew and in F1gure D.7, Figure D.8, and Table D.4 for the

’ expanded view. .These results indicate that - the maximu
: i

"tratlon occurSAto'the east“and east-southeast of the

:u_rather‘than'north as was}the situation using the<B1yth

~the 0.1% drift, 20,000 pﬁm case and the 0.1%, 4000 ppm|

m salt .concen-
tower location’
e data. In both

case the»annual

. TSP standard is exceeded. Use of the Heber site meteorologlcal data

:w_produced a higher estlmated maximum concentration (about 50%) than that

'1wh1ch was estimated w1th the Blythe weather data. Thls could be due to

.a greater persistence of wind direction towards the 1

:'_maX1mum concentratlon 1n‘the Heber site data. Another

" that the numerous substant1a1 gaps in the Heber data, w,

ocation of the

i

possibility is

;measurements were not recovered produced a certain amount of bias in

”‘more away from the towerﬂalong the direction of maximu

'3,were qu1te similar. &

The results of the ORFAD salt drlft deposition cal

;. the final results ) Desplte the differences in ‘the maximum concentration

1._pred1cted with the two sets of data Athe concentrations at a mile or

m concentration

culatlons for the

WBlythe weather data are contalned in Figure D.9, Flgure D. 10, and Table

':1 D. 5 for the near- f1e1d V1ew and”“in Figure D.11, Flgure D.12 and Table

D, 6 for the expanded v1ew - The maJor direction of the

the north and the northeast of the tower. These resul

idep051t10n is to

ts show that the

’fmaJor portlon of the salt deposition occurs extremely close to the

l
*acoollng tower -‘This is demonstrated in Flgure D.13 which gives the

tion of max1mum

Vllmpact. It is apparent that the two worst cases for .drift deposition

0.008% drift- andr

case even though

:i20;000:ppm‘approaches'the impact of the 0.1%, 4000 ppm

its emissions are much smaller. This is because the higher dissolved

'salt content in the drift water at 20,000 ppm will increase the droplet

- density slightly, as we11'as increase the deposition velotity Salt

" particles produced by droplets evaporatlng to dryness w111 be 1arger in

lA.the 20 000 ‘ppm case and: thus fall faster.

i

here meteorological

A N

Tyt Yty Yy,

R R K I KA
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Fig. D. 5 ”Near-fleld coollng tower salt partlculate concen-'~' _ P

‘trations in a1r for the 4000 ppm case (Heber 51te

weather data)
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£S-5288

HEBER MECHANICAL DRAFT TOWERS C‘),N-SITE MET DATA

180
SALT CONCENTRATION IN AIR(ug/m’)x10
Fig. D.7 Expanded view of cooling tower salt particulate concen-

trations in air for the 4000 ppm case Heber site

weather data).



' Table D.3. Near-field salt particulate concentrations correspondi
Fig. D.5 and Fig. D.6 (Heber site weather data)

245

tn

t
i
i

ng to

. Cooling water  Drift

Salt particulate concentration '

. 3
Penod‘of TDS content = rate : .(ug/m ’ i .
operation (ppm) . (%)  lsopleth lsopleth lsopleth lsopleth ~Isopleth isopleth
‘ ~ ”-‘ 1 2 3 4 5 8
First 5 years 4,000  0.002 22 11 0.6 (i).3 0.2 0.1
. 0.008 9.0 45 2.2 1.1 0.6 03
-0.100 1120 56.0 280 40 70 35
After 5 years 20000 0002 100 5.0 25 1.2 0.6 03
: .~ 0,008 400 200 100 50 25 1.2
. 0.100 5000 2500 1250 625 - 312 16.6
u
#
!
| i
i i
| |
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HEBER MECHANICAL DRAFT TOWERS %N—-SITE MET DATA

270

- — -

180

SALT CONCENTRATION IN AIR(1g/m)x10

Fig. D.8 Expanded view of cooling tower salt particulate concen-
trations in air for the 20,000 ppm case (Heber site

‘weather data).
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247 .

Salt pamculate concentrations correspondmg to Flg D 7 and N -

b Flg D.8 (Heber site weather data)

Period of
operation

Cooling water

TDS content -

(ppm)

Drift’
rate ;

Salt par'uculate conc

(tig/m?)

enﬂation

(%) ‘ Isopleth _ Isopleth isopleth ;
2 s

Isopleth |

“Isopleth

“Isopleth
6 - o »

ooty

First 5 years

After 5 years

4,000

20,000

0002° . 10 . 05" 025

0008 40 ° -20 ° 10 05
0.100 500 250 125 . .62 .
0.002 20 . 10 05 - 025
0.008 80 . 40 20 - 10
0100 1000 500. 250 "~ 125 |

012 |

'0.06-

0.25

. 31
012
05
. 6-2 ":.v -

003
S 042
15
. 0:25.
31

;o 01 e
T En
':'003"‘ :

./0. 12"

LR
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120 '
DRIFT DEPOSITION(g/yr/m?)
Fig. D.9 Near-field deposition for the 4,000 ppm cése (Blythe
' weather data). ' '
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| DRIFT DEPOSITION(g/yr/m")
Fig. D.10 Near-field deposition for the .20,000 ppm case (Blythe

‘weather dafi:a) .
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" Table D.5. Near-field drift salt depositidt_n concentrations corresponding to
Fig. D.9 and Fig. D.10 (Blythe weather data) '

Annual drift salt deposition

Py Cooling water Drift ‘ 2
. Penod. of .. TDS content rate = ____ - g/m?)
‘ operatuon T {ppm) (%) Isopleth  lIsopleth  Isopleth lIsopleth Isopleth Isopleth
: S 1 2 3 4 5 6
First 5 years 4,000 .. 0002 175 788 44 2.2 1.1 0.6
: 0.008 = 700 350 = 175 8.8 4.4 2.2
0.100 875 438 219 110 55 27
: . (Area in ha) R (2) (12) (24) (40) " (67) (135)
After 5 years ~ 20,000 0.002 100.0 50.0 250 12.0 6.2 3.1
: ' 0.008 4000 200.0 100.0 50.0 25.0 125
0.100 5000 2500 1250 625 312 156

(Areainha) .- {2) (12) (22) (43) (121) ~ (231)
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case (Blythe weather data).

DRIFT DEPOSITION(g/yr/m®)
Fig. D.12 Expanded view of drift deposition for the 20

MEBER HICH
70
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Table D.6. Drift salt deposition concantrations corresponding t Fig. D.11

and ngig. D.12 (Blythe weather data) ‘
: , . ‘ ‘Drift salt deposition:
. Cooling water  Drift . : o
Periodof . pe cgntent ate | : (a/m?) |
operation (ppm) (%)  Isopleth lIsopleth Isopleth Isopleth isopleth Isopleth. Isopleth
‘1 2 3 4 5 6 7
First 5 years - 4,000 0002 . | 16 + 08 0.4 62 - 01 - -005 0.02
0008 & 64 3.2 16 08 ;04 0.2 0.1
0100 /800 400 200 100 |50 . 25 12
{Area in ha) (<50) (135) {283) (664)  (1360) (2705) (6150)
After 6 years 20,000 0002 | 125 6.2 31 15 | 0.7 0.4 0.2
' ~ 0008 ' 500 250 126 = 62 | 31 15 0.7
0.100 -~ 600 300 150 . 125 62 3 16
{Areainha) (<50). (104)  (279)  (678)  (1536) (3106) = (6000)
! J .
J i
i
I
1
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0.002%, 4000
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| | DISTANCE (miles)
13 " Drift deposition versus distance from cooling tower in -

the direction of the maximum for each combination of
:drift rate and 'cool'irig water TDS content (Blythe

weather data.
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The correspondlng results for the ‘Heber s1te weather datakare

: contalned in Flgure D. 14 Flgure D.15, and Table D.7 for the near-fieldh“'”

view -and 1n F1gure D. 16 Flgure D 17, and Table D.8 fcr the expanded

: v1ew The maJor d1rect10n ‘of 1mpacts is to east and east southeast as

compared to the north for the Blythe weather data. Agaln,‘the maJor' -

portlon of the dr1ft depOS1t10n 1mpacts occur close te the tower aS'=”

<1nd1cated 1n F1gure D 18 The two -cases w1th dr1ft rates of 0. 1% result
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Fig. D.14. Near-field drift deposition for the 4000 ppm case (Heber
site weather data). : '

¢
i




257 |
| ;
:
! I
L C | . ES-5370°
) v Do _ l
HEBER MECHANICAL DRAFT, TOWERS OON-SlTE MET DATA. :
.“/”——T.—~§\\\ %
45
AN
N\
TN
\
\
\
\ ,
\ \
\ \
\ \
\
\ \
\ \
1 A 9
pez2 psues
’ ’
! !
! !
/
/
., / -]
'.'
/
. /
. /.
;\//
135
Drift deposition
i h
soplet (g/m® /year)
Tt e T 1 7000 -
L ‘ ‘ , 2 3500
DRIFT DEPOSITION(g/yr/m®) 3 "175.0
4 875
5 438
6

219
:i o
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"Table D.7. Near-field drift salt deposition concentrations oorresponding to
Fig. D.14 and Fig. D.15 (Heber site weather data)

Cobling water Drift Annual drift salt deposition

Penod. of TDS content . rate : (g/m*) —
operation {ppm) (%) Isopleth - Isopleth Isopleth Isopleth Isopleth Isopleth
: » 1 2 3 4 5 6
First 5 years 4,000 0.002 250 125 6.2 3.1 15 0.8
' 0.008 100.0 50.0 - 260 125 6.2 .34
0.100 12500 625.0 3125 156.2 78.1 © 39.0
{Area in ha) (<2) {6) (17) (35) - {53) ©(90)
After 5 years 20,000 - 0.002 1750 87.6 43.6 - 218 10.9 5.4
' _ 0.008 700.0 . 350.0 - 175.0 875~ 436 218
0.100 8750 4375 2188 1094 547 - . 274

(Area in ha) (<2) C@. . (12) 26)  (46) - (87)
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DRIFT DEPOSITION(g/ yr/m9x10 -
‘Fig. D.16 'Expandéd view of drift deposition for the 4000 ppm

case (Heber site weather data).
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DRIFT DEPOSITION(g/yr/m?)

Fig. D.17 Expanded view of drift deposition for the 20,000 ppm

case (Heber site weather data).




period of Cooling water Drit Anhual dn(fgt/sni:lzt)deposmon
" operation -TDScontent - -rate.- ... ... oo oo oo e
“ {ppm) (%) -Isopleth  Isopleth  lsopleth Isopleth. lIsopleth Isopleth . - Isopleth
. 1 2 3 4 -5 6 7
First 5 years 4,000 0.002 20 10 ‘0.5 025 012" . o0.be ' 0.03
‘ 0.008 8.0 40 20 1.0 0.5 - 0.25 1 0.12
' - 0.100 100.0 50.0 25.0 125 6.2 3.1 15
(Area in ha) (<40) (70) {150) (595) (1105) .- (2420) '(4743)
After 5 years 20,000 0.002 18.0 90 45 22 1.1 0.06 0.03
- 0.008 720 36.0 180 90 - 45 = 22 - 1.1
. o 0.100 9000 . 4500 2250 1125 56.2 - 281 14.0
(Area in ha) (<30) . . (66) (96) (423) _ (890) - (1931) (3300)

~ Table D.8. Drift salt deposition concentrations corresponding to Fig. D.16 and
Fig. D.17 (Heber site weather data) .
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the direction of the maximum-for each combination of
drift rate and cooling water TDS content (Heber sité

weather data).
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Appendix E - Analysiﬂiof the Effects of Salt Drifé on Croplands

The follow1ng analysas utilizes information on salt depos1t10n
resultlng from operation of cooling towers for the Heber b1nary demon- -
stration plant presented 1n Section 5.5 and Appendix D. ' The towers will
be operated w1th 40000 ppm drift sa11n1ty for at least’the first five
years; thereafter they w111 be operated with- drift sa11n1ty of 20, 000 PPm.
Alternatlve designs resultlng in three drift loss rates are examined: ‘
0.1%, 0 008%, and 0.002% of c1rculat10n water. Two sets of meteorological
data were used to estlmate salt deposition (see Appendlx D). The follow1ng
analys1s considers: results from both sets of meteorolog1ca1 data for all
comblnatlons of drift sal1n1ty and loss rate. Tables wh1ch present the
estimated salt depos1t10ns and Flgures which 111ustrate the deposition
1sop1eths for all comblnatlons of meteorology, sa11n1ty and loss rates
may be found in Appendlx D. For both sa11n1t1es, salt deposition at -
0.1% drift loss is 12.5 tlmes greater than at 0.008% and 50 times greater
than for 0.002%. Max1mum deposition will occur with 20 000 ppm and 0.1%
drifts; minimum dep081t10n will be at 4000 ppm and 0. 002% drift.

From}Tables D.4 and;D.é (Appendix D) which describe the salt deposxtxon .

" within a 2.4 km (1.5 mij) radius of the cooling towers, the maximum

annual salt deposition at 0.1% drift and 20,000 ppm 1s stimated to be
5000 g/m (44, 600 lbs/acre) with Blythe meteorology and 8750 g/m (78 050

lbs/acre) with Heber s1te data. These maxima will affect only a few

hectares Maximum depOS1tlons affecting the same area for 0.002% and
4000 ppm will be 17.5 g/m (156 1b/acre) for Blythe data and 25 g/m
(225 lbs/acre) for Heber ' 51te data. -

Deposition of salt Hr1ft from cooling towers on agricultural land

is of particular concern because accumulation of salts in the rooting
zone interferes with the plant s ability to take up water and nutrients -

and reduces germ1nat1on success (Rlchards 1969 PolJakoff-Hayber and

_Gale 1975) Deposition ! of airborne salt on crops also has a potential

to cause f011ar damage due to uptake of salt by leaves ‘(Moser 1975,
Hindawi et a1 1976). Sa11nlzat1on of soils is a cont1nua1 hazard in

- the Imperial Valley where irrigation is a prerequlslte for agr1cu1ture

‘ andwlrrlgatlon water 1srre1at1ve1y saline. The average sa11n1ty of
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-irrigation water in the Heber region is about 1000 ppm (EIR 1978).

Considering that the average annual irrigation rate is 17,000 m3/ha (5.6
acre-feet/ acre), present irrigation practices add about 17,060 kg/ha
(15,230 1bs/ acre) of salt each year. ‘Salt accumulation is controlled
by leaching soluble salts ffom the rooting zone with a fraction of the
irrigation water. Most fields in the Imperial Valley are underlain'by
drainage tiles to a depth of 2 m to achleve maximum efficient leaching.
As detailed in Appendix F, the leachlng requirement, or the fraction
of irrigation water which must pass through the root zone, is a function
of the salinity of the irrigation‘water‘(ECiw) and the desired salinity
of the soil paste at the bottom of the root zone (ECdw). In the imperial
Valley, the bottom of the rooting zone is essentially the depth at which

‘the drainage tiles are installed, which is 2 m. Because the average

salinity throughout the rooting zone is lower than that at the'bottom,
most moderately salt tolerant crep species cultivated in the;Imperial.
Valley will produce economical yields at tile depth salinities (measured
as electrical conductivity, EC ) between 8 and 12 mmhos/cm (Bernsteln
1964, Richards 1968, Hernsmeler 1980). Some salt tolerant crops such as
barley, beets or cotton will prodﬁcevat Ede of 20 mmhos/cm (Bernsteln
1964, Richards, 1969)

. As the salinity of the irrigation water increases, more water must
be leached‘through the root zone to maintain a given root depth salinity
(Appendix F). Operation of the éooling towers will deposit an‘increment

of salt as drift on the surround1ng croplands, wh1ch w111 effectively

'ra1se the salinity of the irrigation water being applled to these lands.

Figure E.1 illustrates the estimated leaching requirements to maintain
an ECd of 8, 12 and 20 mmhos/cm with salt depqsitions from zero to
10,000 g/m /yr. The assumptions and method of calculation of these

curves are detailed in Appendix F. The salt depositions, plotted along

 the ordinate in Figure E.1 may be compared with those in Tables D.4

through D.7 (in Appendix D) to determine the leaching requirement necessary
to maintain a specified Ede for the estimated salt depesitions for both
sets of meteorological data and all combinations of drift salinity and
drift loss rates. For example, from Table D.5, a drift salinity of
20,000 ppm and a drift loss rate of 0.1% will result in an estimated
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P

salt deposition of 2500 g/mz/yr over abont 12 ha. From Figure. E l ‘this,'
deposition would require a leaching fractlon of 49% to ma1nta1n an EC
of 8 mmhos/cm on those 12 ha; a 1each1ng requlrement of 32% to: ma1nta1n i
an Ede of 12 mmhos/cm, and a 20% leachlng fraction to. malntaln 20
mmhos/cm. 1 ‘

Accumulation of salts in the agr1cultura1 3011s surround1ng the |
coollng towers would not occur if it were feas1b1e to 1ncrease the
leachlng fraction sufficiently to flush the salts from the so11s
However, this is not always the case in the Heber yitinity Max1mum
achievable leaching fractions for the three major agr1cu1tural so1ls in’
the project vicinity (shown in Fig. I.1 in Appendix I).are. Imperial
eilty clay, 5%; Holtville silty clay, 15%; and Imperial-Glenbar sllty‘ _
clay loam, 20% (Hernsmeier 1980). Present irrigation practiceS'on'the‘zv
Imperial silty clay maintain the Ede well above 20 mmhos/cm and ﬁaintain,“
the other two soils between 8 and 12 mmhos/cm (Hernsmeier 1980)

The Imper1a1 silty clays are presently at their maximum ach1evab1e ' ,Vé
leachlng rates which are not now able to maintain the Ede at 20 mmhos/cm
The relationship of these soils to the project site may be found in F1g
1.1 (Appendix I). Estimated max1mum drift de os1t10n on these soils at
0.1% drift and 20,000 ppm sallnlty is 140 g/m /yr for Blythe meteorology
and 55 g/m /yr for. Heber site meteorology. About 75 ha (185 acres) of.
these soils would be affected by these levels A dep051t10n of 140
Ag/m /yr would 1ncrease the ECd by 5 mmhos/cm each growing season, 55 _
-g/m /yr would 1ncrease it by 3 mmhos/cm each year. . Since these soils. ..
are probably at their maximum des1rab1e sa11n1ty, addltlonal salt "
-deposition (from 0.1% drlft) could cause crop y1e1d reduct1ons on about
75 ha of Imperial silty clays. "At all the other drift rates and sa11n1t1es,
-deposition on the Imperial silty clays are well below 20 g/m and should l” o
, not causé major soil sa11n1ty increases. T v 3 "b

The other two major agrlcultural soils are malntalned between 8 and iff;'xl”
12 mmhos/cm. Table E.1 presents the salt dep051t10ns (from Flgure E.1) o
at which the indicated maximum achievable leaching fractions of 15% (for:‘
Holtville silty clay) and 20% (for Imperial-Glembar silty clay loams)
would be insufficient to maintain ECd of 8,12 and 20 mmhos/cm Table'f

E.2 presents the estimated areas which would exceed these depos1t10ns
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S - . o
" Table E.1.. Annual sait.depositions (g/m?) at
which leaching requirements of 15% and 20% -
would not be sufficient to maintain ECg,, at
the three indicated salinities of 8, 12, and
- 20 mmhos/cm?® -

i

i Annual salt depositions

ECqy, (g/m?)
" (mmhos/cm) | At 15% leaching At 20% leaching _
: ' fraction ~ fraction
| requirement requirement
g8 - ! b 100
12 . 180 820
20 "~ - 1490 . 2500

2Leaching reauiréments of 16% and 20% are-

approximately the maximum achievable fractions for - -
the Holtzville silty clays and the Imperial—Glenbar . .

_silty clay loams.; '

bA leaching fraction of 15% is insufficient to
maintain ECq4,, - at 8 mmhos/cm even with present
irrigation water salinity of 1.5 mmhos/cm.
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Table E.2. Area in ha over whlch the cﬂtlcal deposmons from R

Table E.1 would be exceeded for both meteorologles and
oomblnations of two drift sallmtles and three dnft rates o

ant sallmty o ‘Sal?-(d_c;&o:;tgon S
“(drift-rate) - 9n

. Blythe data '

© 20,000(0008) 24
- 20,000 (0.002) - ‘

'_‘ZIH“ebVer'data o S
20,000 (0.1) - 450 260 . - 4

ppm(%)] 100 180 820 1490 * 2800

20000 (0.1). 7000 200 2

4,000 (0.008)

15
2 .0

©74000(0.1) 40 . 30

, o 0
-4,000 (0.002) 0 0

N-R-N-N-R- I
ocooooN. |

‘ocowood"

soooed

120,000(0.008) : - 20 - 12 -
20,000 (0002) 3 - <2
4000(0.) . 450 - 30 ¢
4,000 (0008 <2 . O
.-4000(0002) - -0 .. 0

oo srO0OR
coo0o0ON

: s Listing of areas in ha begins here. "
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f
for both meteorologies and all combinations of drift sa11n1ty and loss:

rate. It is evident - that at 20,000 ppm salinity and 0 1% .drift loss

rate significantly large areas will experience 1ncreased EC salinities.
As the EC approaches 12 mmhos/cm, moderately salt tLlerant species
will produce poor y1e1ds | Above 20 mmhos/cm only the mLst salt tolerant’
crops will grow well. Much smaller areas are affectedbby 4000 ppm and
0.1% and by 20,000 ppm w1th 0.008% drift. For 0. OOZ%ﬂdrlft at both
sa11n1t1es, and for O. 008% at 4000 ppm, essentially nohadverse effects
from salinization of croplands would be expected. n

" In addition to accumulatlon of salts in the rootlng zone, dep031t10n
of salt drift on croplands has the potential to cause follar injury to
crop species. Several factors affect the potential for«damage, including
sensitivity of crop spec1es, concentration of salt 1npthe drift and
duration of exposure (Moser 1975). Limited data are ava11ab1e ‘which

relate salt deposition to 1ncreased salt uptake by 1eaves and to foliar

‘damage Mulchi and Armbruster (1974) reported extens1€e foliar damage

and reduced y1e1ds to corn and soybeans after three to f1ve week exposures
to levels equivalent to 37 g/m /yr and 74 g/m /yr. Maas (1980) determined
that short term exposures of . soybeans, tomatoes and gleen peppers to

levels of salt equlvalent to 13 g/m yr caused damage tol all species when

relative humidities exceeded 70% and that levels of about 33 g/m2/yr
.,i

!

caused damage at re1at1ve hum1d1t1es below 70%.

Because foliar damage is related to salt uptake,,which isritself

related to leaf structure and morphology, it is difficult to extrapolate

data from one crop spec1es to another. However, all crop species tested

thus far have exhibited damage to short term exposure|to depositions
“below 100 g/m2/year. Although it cannot be stated with certainty, it

~ may be comfortably speculated that areas receiving long-term exposure to

over 100 g/m2 are likelyﬁto exhibit some crop damage from airborne salt
from the cooling towers. From Table E.2, from 450 to 700 ha will receive
depositions above 100 g/m w1th drift loss rates of 0.1% and saiinity of
20 000 ppm. Between 40 and 45 ha will experience in |excess of 100 |
g/m /up at 4000 ppm and 0 1% drift. For .008% dr1ft at 20,000 ppm,
between 20 and 24 ha would receive over 100 g/m /yr. For 0.008% drift
and 4000 ppm, and for .0. 002% drift at both sa11n1t1es, from none to less

than 3 ha will be exposed to depositions of 100 g/m /year

S TR

L PRI PRV
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In summary, salt deposition from 0.1% drift and 20,000 ppm drift ‘

salinity will probably cause significant adverse effects to between 450

and 700 ha (depending upon which meteorologic data is used) from both
accumulation of salt in soils and crop damage due to impaction of salt

-on foliage. At 4000 ppm and drift loss of 0.1%, between 40 and 45 ha

will be advetsefg affected. The poteﬂtial forvcrop damage at 0.008%

drift is much i;ss at both salinities; at 20,000 ppm drift salinity,

possibly 20 to 24 ha could be adversely affected, and at 4006 ppm, less

than 2 ha would - receive sufficient salt to cause adverse effects to

crops. At the state of the art technology of 0.002% drift loss, adverse

effects on croplands due to salt deposition would be negligible.
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:'rlrrlgated reglons ‘
‘.»_water wh1ch must pass through the root zone’ to remove
'.related to the sa11n1ty of the irrigation water and
: sa11n1ty of the water dralned from the bottom: of the

- Wthh is a factor ‘of the sallnlty tolerance of the crop

c(by e1ectr1ca1 conduct1v1ty and are expressed as millimt

*Vw1ll tolerate ECd = 8 mmhos/cm
at- 2 mmhos would requlre a leaching rate of 25%; that 25% of the

“ffan electrlcal conduct1v1ty at the bottom of the root
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" APPENDIX F — METHODOLOGY FOR CALCULATING THE LEA

Leachlng of soluble salts from the root zone is

The 1each1ng fract1on, or the amou

Sa11n1t1es of 1rr1gat10n water and draln water are ge

A .rough- est1mate of the leachlng requirement may

the follow1ng equatlon

ECiw o (1)‘_

CHING FRACTION -

essential in

nt of irrigation
the salts, is
the‘desired

rooting  zone, .

nerally measured
108/ cm.

be obtained from

'TPR‘ ECdw
“hWhere ECiQ is the’ electr1cal conduct1v1ty of the 1rrigatioh'water
‘in mmhos /cm

'EC - is the electr1ca1 conduct1v1ty of the draLn water at -

dw
the bottom of the root zone, in mmhos/cm:

'YFor example many f1e1d crops cultlvated in the Imperialvvalley'

Irrlgatlon with wate

The 81mp1e relat1onsh1p descrlbed by equation (1)

1. no rainfall B
1.2f :noiremoval Oftsalt by the crop
© 3. .no precipitatioh Of salt in the soils
Because these are seldom zero the 1each1ng fraction

equat1on (1) is a maximum.

1rr1gat10n water applled must pass through the root1ng zone to ma1nta1n;

zone . of 8 mmhos.

assumes:

described by

being irrigated. |

r-of cohductivitY"A

B N O
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To estimate: the'leaching fractions corresponding to the various
salt dep051t1ons in Fig. E 1, the salt 1ncrement was assumed to be
.added to the 'salt in the present annual irrigation volume of 17063 m /ha

(5.6  acre- feet/acre) The resultant increased conductivity of the

o 1rrlgat1on water as mmhos/cm was - used to determine the new leaching

”‘fract1on requlred w1th the drift salt increment for each desired
Ede; ' Th1s method of calculat1on results in conservatlvely high
‘gleachlng fractlons because the add1t10nal 1rr1gat1on ‘water necess1tated
Alby the hlgher 1each1ng fract1on would prov1de some. dilution. The.
des1red ECd~

~ﬁagr1cu1tural s01ls 1n the Heber reg1on

used are those wh1ch are currently ma1nta1ned on various -




APPENDIX G

§
i
|
|
.
i
/
|
gy
It
i
i

‘EFFECTSVOE'SALT'DEP@SIJION ON NATURAL VEGETATION

3\
|
}
i

i

et
Rt

- )

COMMUNITIES

4

H

T E R A




i
P LR .
T ¥ ' 7 ’
. A < e . S S . .
3 - R g o o . e N
- e et - - N

T . -



i 281 i
, f - ;

The closest natural*vegetation to the Heber project site is between
1.5 and 2 4 km (1 and 1. 5 miles) to the southwest. As‘discussed in the
text of Section 5.4.1, dlrect injury to natural vegetatlon from deposition
of airborne salt on the | follage is not expected to occur at any of the
three alternative dr1ft‘loss rates discussed in Append1x D. However,
because the natural vegetatlon communities do not experience the benefit
of regular leachlng pract1ced on the nearby croplands; salt depOS1t10n

from the cooling towers has the potential to cause salrnxzat1on of soils

over the operat1ng llfe of the Heber plant. Table G‘l presents the
predicted annual salt depos1t10n to which the naturalﬁcommun1t1es could
be exposed for two sets of meteorological data and for each combination
of drift salinity and dr1ft loss rate discussed in Appendlx D.

Most of the common plant species which occur 1n;the natural vege-
tation communities along the New River exhibit some]degree of salt
tolerance. Table G.2 presents the salinity tolerance*ranges for many of

the commonly occurrlng plant species in the natural r1parlan communities.

_ Salt tolerances for natural vegetation are generallylreported in the

literature as dry-we1ght percentage of salt in the s011 To relate the
dry-weight salt percentage to the electrical conduct1v1ty of the soil
saturat1on extract, it 1s necessary to know the saturat1on percentage of
the soil in question 1nqorder to determine the volume) of water in which
the salt would be diss%lved The relat1onsh1p is descrlbed in the
footnote to Table G.2. ‘ | Obviously soils which have aﬂhlgher saturation
percentage contain more; water to dilute salts. For example, a soil with
0.2% dry weight percent salt which has a saturation percentage of 75%
would have a saturat1on extract conductance of 4.1 mmhos/cm° a soil with
the same dry-weight percentage of salt, but with a saturat1on percentage
of 40% would have a saturatlon extract conductance of 7 8 mmhos/cm. In
Table G.2, the tolerance ranges reported as dry-weight percentages have
been converted to saturatlon extract salinities by assuming a saturatlon
percentage of 40%, whicn would apply to the majority of the soils in the

Heber region. ;

Many of ‘the soils ' 'in the riparian communities are naturally saline
to vary1ng degrees. The Indio silty clays adJacent to the New River
(see Fig. I.1 in Appendix I) exhibit salinities between 12 and 19 mmhos/cm
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Table G.1. Estimated annual salt deposition
in g/m? according to two meteorological data
" sets at the natural riparian vegetative
communities from operation of the Heber
mechanical draft towers

Annual salt deposition’

Drift loss (a/m?)
(%) At4,000 ppm' At 20,000 ppm
°© drift salinity drift salinity
Blythe data
- 041 ’ 25-48 22--37
0.008 0204 } 18-29
~ 0.002 0.056—-0.1 0.6-1.2
‘Heber data i
0.1 - 2427 ) 17-33
0.008 . 0.2 . 1.3-18

~ 0.002 0.05 0.3-0.5
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“-Table G.2. Sal;rnitv ranges of plant species present in the natural communities -

~_along the New River, expressed as dry-weight percentage of saltin soils®

Highly salt-tolerant species = E PRV B
Allenrolfea spp iodine bushes mkweed o . 25t06% - -

D:stlchl/s spp.: salt grasses - o 05 to 5“L5% :
'Suaeda spp.: sea blight . . . _ e 05t03% .
-Moderately- salt-tolerant specres : '
- Tamarix spp.: salt cedar - o 0. 2 t0 2%
Atriplex canescens: four-wnng saltbush S . .to 2%

0.6 t0 2% in upp‘tlar soil protile

Pluchea spp.: arrow weeds v _
. 0.1 to 0.5% in lower profile .

: 'Pr’osopsis julif/ora"oommon mesquite ’ 0.4 to 2%
'Nonsalt-tolerant species . ’ ' o |
Larrea tridentata:. ciéosote. bush S 003%
Atnplex polycarpa ‘cattle saltbush - 004 to D.5% -

. aThe dry-wenght percent of salt ina sorl may not be dlrectly felated to the -
l electrlcal conductwnty (EC), of the saturation extract without knowledge of the -
’ volume -of water present in the soil at saturation, which is' expressed ‘as the R

saturatnon percentage The relatlonshlp is descrrbed by the followmg equations:

 Pew ppm/1oooo oos4x rscxw3
(p,w X. P )/100

' Where Psw is the peroent salt in the soil water; Py is percent salt i in the soil; Py,
s the percent of water in the ‘soil, or the saturation percentage; EC is the
_ electncal oonductnvnty of the saturatlon extract, usually expressed as EC X 103

(in mmhos/cm)

Obvrously, souls that have a hrgher saturation percentage conta n more water

to dllute salts. For example .a soil with 0.2% dry-weight percent salt that has a

saturation’ percentage of 75% would have a conductance equal 1o 4.1 mmbhos/
- om; however a drier. sorl with the same dry-welght salt percentage and a satura--. -
:tlon percentage of 40% would have a ‘conductance of 7.8 mmhos/cr“n ER
. . Source: Marks 1950, USDA 1969, Hunt 1966, Vasek & Blarbour 1977 B

‘ AUngar 1974 Henrickson 1977.




284

(Perrier et al 1974). These soils snpport a highly salt tolerant vegetation ‘
cover of iodinebush, saltgrasses and sea blight (see Section 4. 4.1 and |
Table G.2). The Meloland and Imperial-Glembar soils, which lie above
the immediate river floodp1a1n have natural salinities of 5 to 7 mmhos/cm
and 4 to 9 mmhos/cm respect1vely (Perrler et al 1974). These soils
support a moderately salt tolerant vegetation community of salt cedar,»
"saltbush, arrowweed and mesqurte.(see Table G.2). Scattered individuals
.of creosote bush:also'occur on the soils above the immediate floodplain.
Creosote bush has a very low salt tolerance (Marks 1955, Vasek and
Barbour” 1977) and it is undoubtedly very near the upper end of its
sal1n1ty tolerance range; it probably exists in isolated pockets of .
lower soil salinity. h ' '

The potentlal increase in soil sa11n1ty 1n the natural communities’
may be roughtly estimated for the 30- year life of the plant from the
' predicted annual salt depositions in ‘Table G 1 and soil moisture data )
from Perrier et al (1974) An explanatlon of the est1mat10n ‘method and
assumpt1ons whlch‘underllerlt may be found;in Appendix H. .Table‘G.3v'
presents the estimated salinity increases and resulting soil for three‘
drift loss rates. Because estimated depositionspfor the two meteorologie35
did not differ significantly, the haximum depositions used to arrive at_
the salinities in Table G.1 apply to either meteorology. Because maximum
salt depos1t1ons and no leach1ng were assumed the values in Table G.1
may be considered maxima for the saturatlon extract conduct1v1t1es At
0.002% dr1ft and 0. 008% dr1ft the predicted increase over 30 years in
conductivities of 0.4 and 1.5 mmhos/cm, respectively should not raise
soil salinities above the tolerance levels for most of the plant species
which occur in the‘riparian communities. ~ However, a few individuals of
creosote bush may be eliminated from the riparian areas nearest to the
towers at 0.008% drift loss.

' At 0.1% drift, soil conduct1V1t1es in the riparian communities
could be increased by an estlmated 18.5 mmhos/cm, during the 30 year
life of the power plant,»result1ng in severe salinization of soils. The
conduct1v1ty for the Indio silty clay along the river could increase to
nearly 40 mmhos/cm; the conductivities for Indlo loam, the Melolands

soils and the Imperial-Glenbar silty clay loams could reach 24 mmhds/cm.- .
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.- Table’ G 3. Estlmated mcreases and resulting soll sahmtles of the saturation ex
' types of the riparian vegetative communlty near the Heber pro;ect site resultmg
. of ﬂ\e Heber mechamcal draft coolmg towers for dnft Ioss rates of 0 002%

tracts for the major soil
from 30 years of operatron
5, 0.008% and 0.1%7 . - . -

- - Soil

L
¢

© Natural ;_alinit{:,‘"

- Predlcted increase in
sonl conductnvnty at -
. maximum salt deposrtlon

_conductivity.

Resultant soil .~ "

- (mmhos/cm), " (in mmhos/cm)-for drift . . g
o . loss rates (in %s) ' (in "?mh°»5(°m" R
- indicated . _ Y S
. 0002% 0008%  0.1% 0002%| 0008% - . 0.1% .
. I'ridfo_ loam and S - N S B S
. Meloland soils® © - §7 .04 15 185 54-74] 65-85 235-255
Indio silt clay? 12-19 g - 0.4 15 . 185 124-19.4 13 5—205 30 5—37 5
“Impefial — Glenbar® £ L L
Csityclayloam 49 | 04 | 15 . 185 44-94) 55-105 225-275

aMaximum annual salt depositioné from Table 5.

30 years of 74.5 g/m* (570 ibs/acre),

deposition will occur for Blythe meteorology It is assumed that the towers will operate with. 4000 ppm.

. have been used to estimate total salt deposition after

at 0.008% drift and 949 g/m? (8465 Ibs/agre) at-0.1% drift. Maximum

salinity drift for 5 years and 20,000 for the remaining 25 years. Refer to Appendi
method of calculation of increased soil salinities.
bThe natural salinities are summarlzed from USDA 1973 and Perner etal. {19
"€ Assume soil saturation percentages of soil = 40%. .

x E for an explanation of the

74).




. These sal1n1t1es are within the tolerance range of several hlghly salt-

tolerant spec1es present in the r1par1an communltles (Table G.2); however‘

they could approach or exceed sa11n1ty tolerances for moderately salt-

tolerant species such as mesqulte, arrowweed and some of the saltbushes_

and - they will certa1n1y exceed the range for creosote bush. Many of

these. ‘dominant shrub spec1es, and the excellent w11d11fe cover they

prOV1de, w111 be e11m1nated from the r1par1an habitats affected by the.

drift from 0 1% - Whether these speC1es w1ll be replaced by h1gh1y salt ..

_ tolerant speC1es is not certain. The halophytes 11ke iodinebush, sea
blight and salt grass apparently requlre h1gh soil m01sture (Marks 1935
" Richards . 1969, and Vasek and Barbour 1977) and may not read1ly colonize -

soils outs1de of ‘the immediate floodplaln ~Also the lower growth form E

of these halophytes does not prOV1de the same w11d11fe cover as the
larger shrubs Furthermore, although the sa11n1ty 1ncreases in Table
- G.3. represent max1ma for the s011 saturat1on extracts, actual m01sture

' content in a 5011 under f1eld cond1t1ons may be one- half to one fourth

of the saturat1on percentage (R1chards, 1969), resultlng in more severe -

salt stress to plants than is indicated by the conductance values in the

'table It is pOSSlble that even some very salt- tolerant ha10phytes ff

could be el1m1nated by salt stress due to dr1ft depos1t1on at 0. 1%.
Because of the var1ety of assumpt1ons bullt into the drift models

(see Sect 5.5 and Appendlx D) and into- the estlmated so11 ‘salinity

A1ncreases, it is d1ff1cu1t to accurately predlct how much of the r1par1an’

-hab1tat would be exposed to salt dep031tlon suff1c1ent1y h1gh to cause -
‘s1gn1f1cant soil salinization. The adverse effects from 0. 1% drift

. described above might be expected'to-affect'r1par1an_hab1tats_up to five
‘kilometers from the towers. ,This could represent'about 50 ha. (125d

acres) of natural habitat.

S
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METHODOLOGY FOR CALCULATING SALINITY

INCREASES IN NATURAL SOILS







. where

‘of 40% were assumed.

1968).

‘present in the soil to obtain the salt concentrat1m

APPENDIX H — METHODOLOGY FOR CALCULATING SALINITY INCREASES

IN NATURAL SOILS

A

'TTable G.3 (Appendik G) presents predicted ‘salinity increases in

drift deposition.

calculation utilized.

"natural vegetation communities along the New River as}a result of salt

‘This?appendix‘details the aSSumptionsrand method of

The so1l sa11n1t1es presented in the table are expressed as electrlcal

are in units of m1111mhos/cm

: conduct1v1t1es of the saturation extract (denoted by the symbol ‘EC ) and

The saturatlon extract is the solut1on

extracted. from a so1l ‘at saturat1on, the cond1t10n when all ava1lable

pore spaces are f1lled W1th water.

~ the percent moisture (as welght) present 1n a soil

The saturat1on percentage (SP) is.

rat saturatlon

Conductance is related to the parts per m1ll1on of saﬂt d1ssolved in the

so1l water such that

Ss/K - (1)
EC = conductance inimicromhos/cm"
S = parts per million dissolved salts
K = constant = 0. 64

F

The data for the natural soil sal1n1t1es 1n Tablt 5 7 are from the

U.S. Soil Conservation literature.

for the Indio loams, Indio silty clay and Meloland soils; for the Imper1al-' S

For all 50113, saturatlon percentages

‘This is based on Soil Conservat1on Serv1ce data v

Glenbar S1lty clay loam a 40% saturat1on percentage is reasonable (Black

The salt contrlbuted by drift may be added to
million) in the.soll water.f The new EC may then be
to the relationship in equation 1. However,_to cal
concentrations, the volume of water present in the so

To estimate this volume an active rooting zone depth Q

salts naturally

n (in parts per =
alculated accordlng
.ulate the salt

il must be known

f 20 cm was assumed

This is based on data from other sites- for some’ of the shrubs Wthh

1
1
i
H
1
l
3

201 e
. : ) : . |

[

|

0
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occur in the New River riparian habitats (Wallace and Romney 1972; NRC ‘
1978). Although some of the halophytes in the New River riparian habitats

are phreatophytes, which have deep root system, many other halophytes

exhibit a shallow root system as an adaption to high salinity soils at

depth (Daubenmire 1969). Furthermore, a 20 cm depth assures a some what
conservative prédiction of increased soil salinities.

-Assuming-a 20 cm depth and a saturation percentage of 40%, 1 m2 of
soil 20 cm deep would have 80 liters of water. Drift deposition expressed
as g/mz may ‘be assumed to be dissolved in the soil water to yield an
increase in salinity in mg/liter (or parts per million). This can be
~converted to the new EC by the relat1onsh1p in equation 1 For example
in Table G.3 at 0.008% drlft the 30 year dep031t10n of 74.5 g/m (or
74500 mg/m ) is dissolved in 80 liters to yield 931 parts per million.

The new EC w111 be 1ncreased by 931/0.64 or 1500 micromhos/cm- (1 5

m1111mhos/cm)




“':Black c. A. 1968.
ss»;Daubenmlre, R. ‘F. 1959.

 ;1U;SI7Nuc1ear Regulatory Comm1551on 1978

?fWallace A
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El Centro, CA 92243, phone (714) 352-7886.

. Sincerely,

Enclosures .
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‘United States soil 2828 Chiles Road -

Department of Conservation Davis, CA | |
Agriculture Service . 95616’ (916) 758-2200

April 16, 1980

KRathleen M. Oakes
Oak Ridge National Laboratory
Post Office Box X

_Oak Ridge, TN 37830 |

i

Dear Ms. Oakes:

;

. - In response to your request of February 28, 1980, for soils 1nformation
- for use in preparation of the eanvirommental evaluation qf the proposed

geothermal power plant near Heber, California, we are enclosing a soils

.map and list of soil series names. We have included a11 gsoils found in
- the Geothermal Overlay Zome. The soils considered as prime farmland are

colored green for easy identification.

1
Contact us if we can be of further assistance. Locally|you may wish to
contact our District Conservationist, Mr. Wayne Flanagan, 1282 Btoadway.

FRANCIS.C. H. LUM
State Conservationist
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102 Badland

mnullulllns‘

104 Aquic udifluvents
D 110 Holtville silty clay, wet
i 114 Imperial silty clay, wet
i 115 Imperial — Glenbar silty
clay loam, wet, 0-2% slope
116 Imperial — Glenbar silty loam,
: 2-5% slope
118 Indio loam, wet ) .
119 Indio & Antho soils, hummocky
122 Meloland very fine sandy toam
ey 122 Meloland very fine sandy loam
"l 123 Holtville & Meloland loam, wet
142 Vint loamy very fine sand, wet
1144 Vint & Indio very fine sandy
loams. wet
B Prime farmland
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