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I. SUMMARY 

Project Description 

In November 1977, Republic Geothermal, Inc. (RGI) submitted plans to the 
Area Geothermal Supervisor (AGS) of the U.S. Geological Survey. These 
plans propose geothermal operations on RGI's Federal geothermal leases 
CA-966 and CA-l903, located at the East Mesa Known Geothermal Resource 
Area, Imperial County, California. 

RGI proposes to construct and operate a lO-MW (gross) research and demon­
stration electrical power plant and to perform the operations necessary 
for support of the power plant. Five production and three injection 
wells would be developed for the power plant, "and would be connected 
to the power plant via surface pipelines. A 34.S-kv electrical trans­
mission line would be constructed and connected to Imperial Irrigation 
District's 34.S-kv line located a few kilometers away. Except for 1.6 
km of transmission line extending outside the lease boundary, the pro­
posed area of operations would be spread out over roughly one and a half 
sections. Total area of surface disturbance would be in the neighbor­
hood of 14 to 16 ha. 

The power plant would directly utilize s'team to run a lO-MW turbine­
generator. The steam would originate from geothermal fluids that pass 
from the five production wells, thiough the pipelines, and into a flash 
tank •. After passing through the turbine, the steam would be condensed 
and cooled in a forced air draft cooling tower. The cooled condensate 
would flow to the condenser and be recycled. This system would produce 
more cooling water than would be evaporated in the cooling towers and 
thereforend~make-up water would be required. Spent geothermal fluids 
and excess condensate would be injected via the three injection wells 
into a zone above the geothermal reservoir. The electricity that would 
be produced and not utilized to run the operation would be sold to 
Imperial Irrigation District. 

Under the exploratory phase of operations, RGI received permission from 
the AGS to drill seven of the eight proposed wells and to construct most 
of the access routes. Five wells and the majority of the access routes 
have been put in. 

EA Objectives 

In accordance with Federal laws, this Environmental Analysis (EA) is pre­
pared on RGI's proposed operations. The main objective of the EA is to 
present the following information: 

*the existing environment associated with the proposed 
operations 

Qt 
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*potential environmental impacts that would result from 
implementation of the proposed operations 

*measures for mitigating or eliminating potential impacts. 

Imperial County has adopted a policy that allows the C~unty to accept 
an environmental assessment prepared by the Federal government pro-
vided the environmental assessment meets the requirements of the Califor­
nia Environmental Quality Act (CEQA). This procedure eliminates the 
need for Imperial County to prepare their own environmental assessment. 

This EA is designed to 'meet the environmental assessment requirements 
of the AGS, the Bureau of Land Management(B~l), and CEQA through the 
County of Imperial. 

This EA is used as a guide to determining whether an Environmental Impact 
Statement should be prepared. 

Major Environmental Impacts 

Should the proposed construction and operation of the lO-MW R&D power 
plant and associated field development occur, the following major impacts 
to the environment would be anticipated: 

*There would be 14 to 16 ha of surface disturbance. As a 
result of surface disturbance, the soils would be disturbed, 
vegetation removed, and wildlife destroyed or displaced. 

Should the flat-tailed horn lizard be placed on the Federal 
threatened species list, the possibility exists that the 
East Mesa area will be considered critical habitat for the 
~~zard. Should such a critical habitat be established at 
East Mesa, there would be a good possibility that further 
development would not be permitted there. 

*Three archaeological sites need to be salvaged. As a result, 
the environmental context of the sites are destroyed and 

-some information lost. 

In addition, induced seismicity could occur as the result of injecting 
geothermal fluids into the subsurface. Whether induced seismicity would 
occur, and whether induced seismicity would be intense enough to be of 
major concern would have to be determined empirically. 

Natural seismic activity could also occur and possibly inflict damage 
to the proposed geothermal facilities. 'Whether natural seismicity would 
occur and inflict_damage cannot be predicted. 

Mitigatinq Measures 

Geothermal operations on Federal Leases are subject to the Geothermal 
Rules and Regulations (30 CFR 270), Geothermal Resource Operational (GRO) 
Orders, Lease Stipulations, and Special Lease stipuiations and Conditions, 
all of which provide environmental protective measures. Environmental 
protective measures are also proposed by RGI. 



Should the proposed construction and operation of the lO-MW R&D power 
plant and associated field development occur, the following additional 
measures are necessary to mitigate potential impacts to the environment: 

* The lessee shall post appropriate warning signs for curves on 
lease roads. 

* The lessee shall maintain dust control by appropriate watering. 
Neutralized drilling fluids may be used for dust control and 
road stabilization as approved by the Area Geothermal supervisor. 

* The lessee shall notify and post warnings to all personnel that 
suspect ordnance may be present on leased lands. Such warning 
signs shall state that operations shall immediately cease when 
ordnance is uncovered during such operations and to immediately 
notify and request the assistance of the Explosive Ordnance 
Detachment of the Yuma Proving Grounds (Tel: (602) 328-2841) 
for removal and appropriate disposal of such ordnance. 

* Fluids utilized for dust control and road stabilization should 
not contain more than 4 mg/l boron. 

* In order to comply with Sec. 2 of GRO Order 4, a Plan of 
Restoration should be submitted to the AGS.prior to abandon­
ment of the area. This Plan of Restoration will outline the 
procedures to mitigate the disturbed lands that were used 
during the life of the project. This plan will have to be 
mutually acceptable to the AGS and BL~. 

* Wholesale clearing of vegetation should not be permitted. 
Vegetation removal should be limited to those areas that are 
absolutely necessary for placement and construction of geo­
thermal facilities. Areas which undergo vegetation denuda­
tion or suffer irreversible vegetative damage and are no 
longer necessary for geothermal operations should not be left 
t~ recover naturally. These areas should be revegetated 
immediately after use, under the supervision of the AGS who 
would consult with the BU1. 

Environmental Impact Statement Determination 

The Area Geothermal Supervisor and the Western Region Conservation Manager 
of the u.s. Geological Survey conclude that. the proposed construction and 
operation of a lO-MW R&D power plant and associated field development at 
East Mesa, California does not constitute a major Federal action that 
significantly affect the environment in the sense of the National Environ­
mental Policy Act of 1969, Section l02(2} (C). Therefore, and Environmental 
Impact Statement is not necessary. 

Administrative Procedures 

RGI will have to submit a plant to the AGS that outlines activities that 
would occur after construction of the power plant and associated development. 

Of] 



This plan must be approved by the AGS before the power plant could be 
put into operation. 

Five-year permits are issued by the AGS for geothermal research and demon­
stration projects. A five-year permit would be issued to RGI if the 
proposed project is approved. Any plans to operate the power plant beyond 
the five-year period would require issuance of a license from the Bureau 
of Land Management. 

RGI would hope to expand this proposed lO-MW R&D power plant into a 48-MW 
(net) power plant within the five-year permit period. This expansion 
would entail the development of a larger area, and would require both the 
issuance of a license from the Bureau of Land Management, and a permit to 
construct from the AGS. 

,- . 
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II. INTRODUCTION 

Purpose 

Environmental Analyses (EA) are prepared by the Area Geothermal Supervisor's 
(AGS) Office of the U.S. Geological Survey (USGS) for proposed geothermal 
operations on Federal geothermal leases that result in surface disturbance. 
These EAs are prepared in accordance with the Geothermal Steam Act of 1970 
and subsequent rules and regulations, and Section 102(2) (C) of the National 
Environmental Policy Act of 1969. 

A lessee is required to submit a Plan of Operation (POO) prior to commencing 
any geothermal operations on Federal geothermal leases (see 30 CFR 270.34) • 
Depending on the proposed activity, a POO will address exploration, develop­
ment, injection, utilization, or production. 

A Plan of Exploration (POE) describes proposed operations designed to dis­
cover the exis~ce and commercial potential of the geothermal resource. 
Examples of exploration operations are geophysical operations such as seismic 
surveys, the drilling of shallow temperature gradient holes, and the 
drilling of deep exploratory wells. 

A Plan of Development (POD) describes all phases of additional operations, 
such as drilling and construction (other than construction associated with 
-the facility which will utilize the geothermal resource) that will occur 
beyond the exploration stage and that are necessary to commercially use 
the resource. The following are examples of the information that could 
be included in a POD: the total number of geothermal wells anticipated; 
the proposed ~~ea needed to develop the resource including the wells, pipe­
lines, and production facility; the drilling of additional production and/or 
injection wells; the construction of injection and production pipelines, 
transmission lines, and roads; and the placement of surface production and 
injection facilities. A POD is submitted once an area is determined to be 
potentially commercial and appears capable of development. 

A Plan of Injection (POI) describes the injection operations to be incor­
porated in the operation of the geothermal facility. Injection operations 
are employed to accomplish anyone or any combination of the following 
objectives: 1) to dispose of geothermal effluents, 2) to prevent subsi­
dence, or 3) to recharge the reservoir. 

A Plan of Utilization (POU) describes the facility designed to use the 
geothermal resource and how the facility operates. A complete description 
of a POU is given in 30 CFR 270.34, recently published in the Proposed 
Rules of the Federal Register, Vol. 43, No. 22, p. 4264-4267. This portion 
of the Federal Register is included in this report as Appendix C. 



A plan of Production (POP) describes production and other activities ~~at 
are to .occur after completion of the drilling and construction necessary 
to commercially use the resource. Examples of what would be in a POP 
include: 1) use or market for the geothermal resource; 2) proposed manner 
and rates of production, and 3) proposed downhole production facilities. 

In November 1977, Republic Geothermal, Inc. (RGI) submitted a POU, a POI, 
and a POD. These plans describe geothermal operations proposed on RGI's 
Federal geothermal leases CA-966 and CA-1903, located within the East Mesa 
Known Geothermal Resource Area (KGRA) , Imperial County, California. RGI's 
POOs were sent to Interested Parties (IP) and a field inspection was held 
on October 25, 1977, by the Geothermal Environmental Advisory Panel. An 
IP letter and list is included in Appendix B. 

The POU describes the construction and operation of a 10-MW (gross) research 
and demonstration electrical power plant. The POD and POI describe the 
operations necessary for support of the power plant. This EA is prepared 
on these proposed operations. 

Imperial County has concluded that the development of research and demon­
stration power plants at East Mesa would constitute a significant impact 
on the local environment in the sense of the California Environmental 
Quality Act (CEQA), 1970. Therefore,an Environmental Impact Report (EIR) is 
necessary to fulfill CEQA requirements. 

In September 1977, Imperial County adopted the Geothermal Element. Through 
the Geothermal Element, Imperial County acts as an Environmental Review 
Agency on proposals involving research and da~onstration power plants on 
Federal lands. The County shall be directly involved in the preparation 
of a cooperative environmental assessment on the proposal. This procedure 
fulfills the County's role as Lead Agency as requested by CEQA, and elimi­
nates the need for a separate EIR. These Federal environmental assessments 
must consider Imperial County's concerns and these concerns are to be 
adequately expressed by holding public meetings. 

This EA is designed to meet the environmental assessment requirements of 
the AGS, the Bureau of Land Management (B~~), and Imperial County. In 
order to accomplish this goal, this EA deviates from the format normally 
followed by the AGS and follows a cooperative outline developed by the 
AGS, BLM, and Imperial County. This cooperative effort between these three 
governmental agencies saves time and eliminates duplication of effort. All 
three agencies have provided input to the. EA. 

Scope 

Basically, this EA presents the following information: 

* the geothermal operations proposed in RGI's POU, POD, and POI 

* the existing environment associated with the proposed operations 

O( ) 



* the potential environmental impacts that would result from 
implementation of the proposed operations 

* measures for mitigating or eliminating potential impacts. 

An EIS determination is included at the end of this EA. 

Although the proposals are site 'specific, this EA presents information on 
a scale that is appropriate for each environmental component. This assures 
protectio~ for those environmental components that could be impacted indirectly 
as a result of the proposals. 

EA #78 was written on a proposed 10-MW (net) R&D power plant to be located 
a few kilometers south of RGI's proposed 10-MW (gross) R&D power plant. l 

EA #78 was finalized in December 1977. Much of the information presented 
in EA #78 is applicable to this EA. In some cases, information from EA #78 
is summarized. Information gathered since the completion of EA #78 is 
included in this EA. 

Location 

The proposed area of operations is located in RGI's Federal geothermal 
leases CA-966 and CA-1903, Sec. 29 and 30, T. 15 S., R. 17 E., East Mesa 
KGRA, Imperial County, California. The town of Holtville lies approximately 
11 kID to the west. The proposed area of operations is accessible from 
Interstate Highway 8 along several kilometers of paved and unpaved roads. 
Figure -I is a map of the area showing the location of the proposed area of 
operations. 

Background 

Resource Development History. A thorough discussion of the geothermal 
resource development history of Imperial Valley is in EA #78 and will not 
be repeated. The following discussion focuses on geothermal resource 
development history at East Mesa. 

In 1968, the Bureau of Reclamation initially began investigating the geo­
thermal potential of East Mesa by contracting the University of California 
at Riverside to conduct geophysical investigations (BurRec, 1974; 1977). 
Subsequently, the Bureau of Reclamation drilled five geothermal wells 
and constructed experimental desalting units and attended support facilities 
on Federal land withdrawn to the agency at East Mesa. The Bureau of 

lEA # 78 JA a.vcU1.a.ble. ooJt peJU.L6a.f. .Ut .the. Me.a. Ge.o.thvuna.l Supe.Jtv~oJt '.6 00 O.<.c.e., 
.the. V.<..6Wc..t Ge.o.thvuna.l Supe.JtV.<..6 OJt '.6 00 o.<.c.e., a.nd .the. BuJte.a.u 06 Land Mana.g e.-
me.n.t '.6 1U v eJt.6.w e. , E.e. c e.n.tJto, a.nd S a.c.Jta.me.i'!..to 0 0 6'<'c.u • The. a.ddltu.6 U 0 0 .the..6 e. 
00 Q.<.c.e..o c.an be. 0 b.ta-&te.d oJtom .the. 1 i'!..te.Jte..6.te.d Pcvr..t.<.e..6 W.t .<.n Appe.nd.<.x B. 
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Reclamation's primary objectives "are to demonstrate the feasibility of 
desalting geothermal fluids for development of needed high quality water 
in the Pacific Southwest and to investigate the concurrent production of 
electric energy" (BurRec, 1974; 1977). • 

In 1974, Federal geothermal leases were issued to Magma Power Co. and 
Republic Geothermal, Inc. (RGI) within the East Mesa KGRA. 

Magma Power Co. has drilled two deep geothermal wells on private land and 
three deep geothermal wells on their Federal geothermal lease CA-964. 
Magma Power Co. believes the geothermal resource discovered within their 
lease is capable of being converted into a commercial product. The company 
has received approval from the AGS to construct and operate a 10-MW (net) 
R&D electrical generating plant on their lease CA-964. Magma began construc­
tion in January 1978 on this power plant that will utilize an enclosed 
binary system. 

RGI has drilled seven deep geothermal wells on their Federal geothermal 
leases CA-966 and CA-1903. RGI also believes the geothermal resource 
discovered within their leases is capable of being converted into a 
commercial product. RGI proposes to construct and operate a 10-MW (gross) 
R&D electrical generating plant that would utilize a flash-steam system. 
This power plant proposal is being considered by this EA. 

RGI would hope to expand the proposed 10-MW R&D power plant into a commer­
cial 48-MW (net) facility and has applied to the Bureau of Land Management 
for a license for this plant. A cooperative effort between the AGS, BLM, 
and Imperial County will also be made on the environmental assessment of 
the construction and operation of this 48-MW power plant. 

Figure 2 i1lus~rates the areas of geothermal activity at East Mesa~ 

Previous Environmental Investigations. In 1972, the Bureau of Reclamation 
prepared two Environmental Statements (ES) for their proposed geothermal 
operations, one on a deep geothermal test well and one on a desalting unit 
and injection well (BurRec, 1974; 1977). A supplement to the ES for' the 
de~p geothermal well was prepared by the Bureau of Reclamation in 1973. 
As a part of the Bureau of Reclamation's environmental program, the agency 
is operating seismic monitoring equipment at their East Mesa facility. 

In the mid 1970's, the Department of Energy (DOE) (formerly the Energy 
Research and Development Administration) organized the Imperial Valley 
Environmental Project (IVEP). The IVEP objectives are "to establish an 
environmental data base line for the Imperial Valley and to assess the 
potential environmental impact of future geothermal installations in the 
Valley" (LLL, 1976). Data is being gathered on the following environmental 
elements within Imperial Valley: 

Of' • j 
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Figure 2. 
A map of a portion of East Mesa showing the geothermal 
activity that has occurred and Republic Geothermal, Inc.'s 
proposed area of operation for a IO-MW RSD power plant, 
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* Air Quality 
* Water Quality 
* Ecosystem Quality 
* Subsidence and Seismicity 
*Socio-economic Effects 
* Health Effects. 

Initially, Lawrence Livermore Laboratory was chosen to manage this environ­
mental base line data gathering program but is no longer in command. At 
this writing, the question of who will manage the program has not been 
resolved. 

An ES for the Federal geothermal leasing program in the Imperial Valley 
was prepared in 1973 by the Department of Interior. The BLM supplemented 
this ES with an Environmental Analysis Record that specifically addresses 
the leasing of geothermal resources at East Mesa. 

The AGS has prepared 16 EAs on Plans of Operation (POO) proposing geothermal 
activities on Federal geothermal leases at East Mesa. Six of these EAs 
(EA #28, 53, 71, 76, 78, and 88) were prepared on POOs submitted by Magma 
Power Co. for proposed geothermal activities on their lease CA-964. These 
proposed activities include the drilling of production and injection wells, 
and production testing. EA #78 addres~es the construction and operation of 
a 10-~m (net) R&D ·electrical power plant. 

Nine EAs (EAs #11, 12, 15, 17, 29, 61, 81, 86, and 92-A) were prepared on 
POOs submitted by RGI for proposed geothermal activities on their leases 
CA-966 and CA-1903. These proposed activities range from site stability 
studies and shallow temperature gradient holes to production testing and 
temporary waste disposal into the subsurface. 

RGI applied to DOE for a loan guaranty under DOE's loan guaranty program. 
Subsequently, DOE contracted the AGS to prepare EA #67 to fulfill the 
environmental requirements of DOE's loan guaranty program. EA #67 addresses 
various phases of exploration, development, and utilization on RGI's leases 
at East Mesa. 

In 1975, Imperial County prepared Environmental Impact Report (EIR) No. 108-75 
on RGI's application for geothermal exploration permits for 18 proposed 
exploratory wells. A supplement to this EIR was also prepared by the County 
for nine additional exploratory wells. 

RGI is collecting data concerning existing air quality, water quality, noise, 
seismicity, land subsidence, and the ecological system of the company's 
leasehold at East Mesa. RGI is collecting this data in order to comply with 
30 CFR 270.34 (k), which requires the lessee to collect the data for a period 
of one year prior to submission of a Plan of Production. RGI is collecting 
most of this data from the IVEP and Bureau of Reclamation. 

0 ·> _. ,1 



The Bureau of Reclamation's environmental documents can be obtained from 
their Boulder City, Nevada office. The EIR prepared by Imperial County 
can be obtained from the Imperial County Planning Department in El Centro. 
Information, pertaining to the IVEP can be obtained from Lawrence Livermore 
Laboratory, Livermore, California. The ES prepared by the Department 
of Interior may still be available from the Government Printing Office in 
Washington, D.C •. The Department of Interior's ES, BU1's EAR, and the EAs 
prepared by the AGS can be perused at the Office of the AGS, Menlo Park, 
California, the Office of the District Geothermal Supervisor in Reno, 1 
Nevada, and BU1's EI Centro, Riverside, and Sacramento, California offices. 
Copies of EAs will be provided upon request. 

Administrative Procedures. RGI will have to submit a Plan of Production to 
the AGS. This plan must be approved by the AGS before the IO-MW R&D power 
plant could be put into operation. 

The AGS and the BU1 are following the proposed regulations published in 
the Federal Register, Vol. 43, No. 22, p. 4264-4267. Under these proposed 
regulations, a license is not required for a research and demonstration 
electrical generating plant of not more than 20-Wd net capacity. Instead, 
a five-year permit is issued by the AGS. Should RGI's proposed lO-MW (gross) 
power plant be approved, a five-year permit would be issued to RGI. Should 
RGI operate ~~e power plant beyond the five-year period, RGI would have to 
procure a license from BLM. Should RGI expand the power plant beyond the 
20-MW limitation, RGI would have to procure both a license from B~l, and a 
permit to construct from the AGS.A copy of these proposed regulations is 
in Appendix C. 

IThe a.dc/Jtu,!lU 00 the-!le 0601ce..6 can be ob:taJ.ned oltom :the In-telte-!l:ted PaJ' ... Ue-!l 
w:t ht AppencU.x. B. 



III. DESCRIPTIONS OF THE PLANS OF UTILIZATION, DEVELOPMENT, AND INJECTION 

Plan of Utilization 

Under this Plan of Utilization (POU) , Republic Geothermal, Inc. (RGI) 
proposes to construct and operate a 10-MW (gross) research and demonstra­
tion electric generating plant on their Federal geothermal leases CA-966 
and CA-1903 at the East Mesa Known Geothermal Resource Area. The proposed 
power plant would directly utilize steam to power a single-inlet steam 
turbine-generator. 

Ancillary power plant facilities would include: 

* a two-celled cooling tower 
* condensate and cooling water pumps 
* gas ejector pumps 
* a motor control room 
* a facilities control room 
* an electrical transmission line 
* a water tank and pump house. 

No buildings are proposed. However, a trailer would be used as an adminis­
trative office. Figure 3 illustrates a possible plot plan for the plant site. 

Five production wells are expected to be able to supply enough energy to run 
the proposed power plant. Each hour, approximately 2.018 million kg of 168°C 

, geothermal fluid would flow into a flash tank from the five production wells. 
About 5.4% of the geothermal fluid would flash to steam and would run the 
turbine which in turn would rotate the generator to produce two pole, three 
phase electric~ty at 60 Hz and 4160 volts. The electricity produced would 
be used for continuing geothermal field operations. Any excess electrical 
production would be sold to ~he Imperial Irrigation District (IID). 

After passing through the turbine, the steam would be condensed and then 
cooled in a for~ed air draft cooling tower. The cooled condensate would 
then flow back to the condenser, used to condense additional steam, and be 
recycled. In order to avoid corrosion problems, amino methylene phosphonate 
would be added to the cooling water at a concentration of about 60 ppm 
(Terry Thomas, RGI, pers. comm., April, 1978). About 15 ppm of chlorine 

may be added to control algae. Gas ejectors would be installed on the 
condenser to disperse the noncondensible 'gases to the atmosphere. waste 
geothermal fluids and blowdown would be injected into the subsurface. 
Figure 4 illustrates the basic flow diagram for the proposed 10-MW power 
plant. 

Since the system is expected to produce more condensed steam than would be 
evaporated in the cooling towers, no outside make-up water would be required. 
However, about 1.89 million 1 and about 1.S million 1 of water would be 
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Figure 3. A possible plot pion for the Republic Geothermal, Inc I s 
proposed IO-MW RSD pawer plant at East Mesa, California 
showing the facilities that would be used in the project. The 
configuration and layout of these power plant components would 
be subject to change although the boundary would not be 
modified (FrGm RGI, 1977). 
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Figure 4. The basic flow diagram for Republic Geothermal, Inc.'s 
proposed lO-~rw R&D power plant at East Mesa, California showing 
the relationship between: '1) the flow routes of the geothermal 
fluids, steam, condensate, gas, waste fluids, and blowdown, and 
2) the power plant equipment (From RGI, 1977). 



required, respectively, for a fire-fighting water tank and for the initial 
fill-up of the cooling towers. This water would be obtained from either 
the nearby East Highland Canal or RGl's shallow water well located in the 
SW~SE~, Sec. 29, T. 15 S., R. 17 E. 

The proposed power plant site would be approximately 3 ha in size, measuring 
approximately 168 by 183 m. The power plant may be paved. All construction 
activities would be confined to this area. Three alternative plant sites, 
designated A, B, and C, have been proposed. 

Each alternative power plant site would require an individual access road 
and a 34.5-kv transmission line. An access road 0.8 krn long would need 
to be constructed for proposed plant site A and an access road 0.4 krn long 
would need to be constructed for proposed plant sites B and C. The plant 
site access road would be approximately 7.5 m wide and may be paved. The 
transmission line would run up to approximately 2.5 krn in length and connect 
to the existing lID 34.5-kv line that runs to the Bureau of Reclamation's 
facilities in Sec 5 and 6, T. 16 S., R. 17 E. Approximately 1.6 krn of 
this transmission line would not be on RGI's leasehold. Figure 5 illus­
trates the three proposed alternative plant sites, access roads, and trans­
mission line routes. 

Four people would be required to operate and maintain the power plant and 
production and injection systems. 

For a more detailed description of this proposed geothermal operation, see 
the POU in Appendix A -1. 

Ultimately, RGI would hope to expand the proposed 10-MW (gross) power plant 
into a 64-~v (48-MW (net» power plant. This would be accomplished by 
adding on a 54-MW generator- and by expanding _the facilities proportionately 
to accommodate this addition. This proposed expansion would occur within 
the original proposed 10-MW power plant site and would be the subject of 
another environmental assessment. Figure 6 is an artist's conception of 
this 48-MW power plant. 

Plan of Development 

In order to support the operation of the proposed 10-MW R&D power plant, 
RGI proposes to develop five production and three injection wells, and 
construct attendant facilities. The following operations are proposed in 
the POD: 

* construction of three well pads (No. 36-30, 76-30, 56-29) 
* the drilling and completion of two production (No. 36-30, 76-30) 

and one injection well (No. 56-29), including clean-out flows 
and initial testing into the sumps 

* sustained testing and workover of existing and proposed productiQn 
wells (No. 16-30, 36-30, 56-30, 76-30, 16-29) 
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Figure 6 An artist's conception of Republic Geothermal Inc.' s 
proposed 48-MW (net) power plant that the company hopes to 
eventually construct at East Mesa, California. The proposed lO-MW 
R&D power plant would occupy the same area, but would consist of . 
proportionately less equipment and there would be no administration 
building. The 48-MW power plant would be the subject of another 
environmental assessment (From Rust Engineering, Inc., 1978). 
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* sustained injection testing and workover on existing and proposed 
injection wells (No. 18-28, 52-29, 56-29) 

* construction of production and injection test facilities, including 
temporary waste disposal pipelines' for the purpose of transporting 
geothermal waste to a temporary waste disposal or.injection well 

* construction of production and injection pipelines along existing 
and proposed roads 

* construction of power lines to each production well along access 
roads 

* construction of a 1.2-km east-west access road if alternative power 
plant site A were to be constructed 

* conversion of production wells to temporary waste disposal or 
injection wells if deemed necessary 

* discharge of geothermal test fluids onto roads and well sites. 

Except for injection well 56-29, the drilling and associated development of 
each well, including temporary production and injection tests, was proposed 
in previously submitted Plans of Exploration and approved by the AGS via 
EAs #12 and 29. The drilling and testing of injection well 56-29 is a new 
proposal. Three of the proposed five production wells and two of the three 
proposed injection wells have been drilled. Production wells have been 
drilled to depths of approximately 2440 m. The two existing injection wells 
have been drilled to depths of 2440:'m and 1370 m. The proposed production 
and injection intervals are approximately 1680 to 2290 m and approximately 
610 to 1520 m. 

Each existing and proposed well site is approximately 0.7 ha. Those portions 
of the drill sites required for proposed production· operations would be 
covered with gravel. 

The wells woul~be drilled with mud. After use, the muds would be neutralized 
and spread on the surface of roads or trucked to a Class I dump. 

Geothermal f+uid introduced to storage basins during well operations would 
also be spread on the roads and drill pads to keep down the d~st. Within 
certain limitations, permission has been granted by the California Regional 
Water Quality Control Board, Colorado River Basin Region to dump the fluids . ' , 
on the roads and drill pa~s via Order 76-64 (revised) (see EA #86, Appendix D). 

The proposed access roads have been previously approved by the AGS via 
EAs #12, 29, and 86. Except for the proposed east-west road that would run 
to the proposed power plant site A.should it be constructed, all of the 
proposed access roads have been constructed. If the site A access road were 
to be constructed, the road would neither be paved or gravelled (Dwight Carey, 
RGI, pers corom., March, 1978). 

The proposed production and injection pipelines and the production well pump 
power lines would be adjacent to the proposed access roads. An area approxi-
matelv 6 to 7.5 m wide wouln be needed for construction of the 
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pipelines and power lines. Horizontal expansion loops would be positioned 
at approximately 0.4-km intervals (RGI, 1978); construction of these loops 
would require 3.7 m3 of surface disturbance. The pipelines would be elevated 
except at the road crossings where the pipelines would be buried. The power 
lines would be strung on 10-m high poles placed at 65-m to 95-m intervals. 
The pipelines would be externally insulated. Figure 7 illustrates the concep 
tional layout for the development associated with the proposed 10-MW power 
plant. Figure 8 illustrates' the combined conceptional layout for the POU 
and POD. 

Water necessary for development operations would be procured from either . 
the East Highland Canal or RGI's water well located in the SW~SE~, Sec. 29, 
T. 15 S., R. 17 E. Geothermal test fluids may also be used (Dwight Carey, 
pers. comm., May, 1978). Most of·the water would be needed for drilling 
purposes. 

Approximately 12 to 15 people could be working at anyone time during drill­
ing and/or production testing. They would utilize amenities afforded in 
nearby communities. 

An additional 14 production and 6 injection wells (for a total of 19 
production and injection wells) are anticipated to be necessary to support 
the proposed 48-MW (net) power plant. This proposal would be the subject 
of another environmental assessment. Figure 9 illustrates the conceptional 
layout for the proposed 48-MW power plant. 

For a more detailed description of the proposed development operations, see 
the POD in Appendix A;..2. The reader is also referred to previously submitted 
Plans of Operations (~OO) which RGI references in the POD as being incorporated 
as part of the'POD. These POOs are those incorporated in EAs #12, 29, 61, 
81, and 86. These POOs are available through the Office of the AGS, 345 
Middlefield Rd., Menlo Park, CA 94025. 

Plan of Injection 

Under the Plan of Injection (POI), RGI proposes to inject into the subsurface 
excess geothermal effluent originating from well testing and from production 
of the proposed 10-MW power plant. According to the POI, the purpose of 
injecting the geothermal effluent· into the subsurface is three-fold: 1) 
disposal, 2) to recharge the reservoir, and 3) to minimize the possibility 
of surface subsidence due to withdrawal of geothermal fluids. Injection 
would be into wells 18-28, 52-29, and 56-29, which are discussed in the 
preceding section on the POD. Approximately 94.6 percent of the produced 
geothermal fluids would be injected into the subsurface. 

Geothermal effluent would be injected into a zone above the producing zone 
at approximately the 6l0-m to 1524-m interval. Injection pressures would be 
approximately 1034 to 3448 kilopascals above static pressures. 
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Besides injection pipelines (see discussion on POD) I surface injection 
equipment would be comprised of pumps, various geothermal effluent treat~ 
ment facilities, and metering equipment. 

For a more detailed description on this proposed geothermal operation, see 
the POI in Appendix A-3. 



rv PUBLIC NEED 

On April 18, 1973, the President of the United States forwarded to Congress 
his second energy message. This message presents a comprehensive program 
to provide for meeting the current and future energy needs of the United 
States, and contains particular emphasis on the increased production of 
fuels from domestic sources. 

The President stated, "In addition to natural fuels, we can draw upon 
hydroelectric plants and increased numbers of nuclear powered facilities. 
Moreover, long before our present energy sources are exhausted, America's' 
vast capabilities in research and development can provide us with new, 
clean, and virtually unlimited sources of power." 

Projection of total energy consumption, particularly the long term, is 
extremely tenuous. Professor Richard L. Gordon, in a report prepared 
for the trans-Alaska pipeline investigation (Gordon, 1971), and a report 
for the Committee for the Interior on Insular Affairs (U.S. Senate, 1971), 
analizes a number of relevant factors and lists various forecasts. Addi­
tional forecasts have been prepared including Department of the Interior 
forecast (Dupre and West, 1972). Those reports prepared .since 1969 and 
their associated projections are all subject to wide variation. However, 
except for rare instances, recent forecasts agree that energy consumption 
will increase between four and five percent per year at least through 1985. 
Resources, availability, costs, and environmental concerns may modify later 
growt...lot rates. 

Projections o~.the mix of energy sources within the total consumption varJ 
more widely than do those of total consumption. Most projections suggest 
declining market shares for gas and hydroelectric power. There is con­
siderable disagreement concerning ~~e future roles of coal and oil, stem­
ming primarily from uncertainty with regard to supplies and the impact of 
air quality and the other environmental requirements. 

The actual future mix of energy sources will depend upon a number of . 
decisions on matters of energy and environmental policy which will be 
made in the next few years. The energy consumption projections dis­
cussed above make a variety of assumptions, either ~~plicit or implicit, 
about the outcome of current policy debates. 

Numerous studies have shown that additional power production is necessary 
to support the predicted additional growth of the United States. One 
additional source of power is geothermal energy (U.S. Department of the 
Interior, 1973). 

Energy sources such as fuel cells, solar energy, wind, etc., are unlikely 
to provide significant protions of the domestic energy consumption before 
1985. 



While some projections discussed earlier 'consider geothermal energy, none 
suggest that it will provide a significant portion of the total national 
energy consumption by 1985. However, it could have significant importance 
on a local basis, particularly when it is'near energy load centers, or 
can be accommodated on existing transmission lines. 

Description of Geothermal Resources. Geothermal energy is the natural heat 
·of the earth. Observations in mines and wells indicate that temperatures 
increase downward to between 200°C and 1000°C at the base of the earth's 
crust. The average heat flow of the earth is 1.5 x 10-6 cal/cm2/sec, but 
known local variations of up to 15 times the average have been found. 
Abnormally high heat flow areas are prospectively valuable for geothermal 
resource development. These areas are frequently, but not always, marked 
by hot springs. 

The natural heat of the earth is derived from radioactive decay, friction 
(in crustal plate motion), and, possibly, primeval heat. Most of this 

~~:- heat is too diffused to serve as a resource with present technology • 
. -' .. - . Locally, however, this heat can be concentrated in the crust in areas of 

volcanism, tectonism, and/or by convection cells of circulating hot waters 
above buried magma chambers. The heat is stored in rocks, and water and 
steam transfer it to the earth's surface. 

There are four major types of geothermal systems: Vapor dominated systems, 
liquid-dominated systems, geopressured reservoir systems, and hot dry-rock 
systems. Most systems in geothermal areas currently under exploration are 
either vapor dominated or liquid dominated systems. Heat for these two 
systems is derived from a near-surface heat source such as a magma chamber. 
Surface and near-surface water may percolate down through fractures, be 
heated by hot rock, and then rise, sometimes appearing at ~~e surface in 
the form of hot springs, geysers, and fumaroles. 

Potential uses of geothermal resources include electric power generation, 
space heating, agriculture, refrigeration, industrial processing, production 
of fresh water by desalinization, and chemical, mineral, and gaseous by­
products. 

The geothermal resources of the Salton Trough region are charac~erized 
by a hot-water dominated system. The hot-water system is thought to be 
a thermally-driven convective system in which meteoric water is heated by 
a local heat source and moves upward in the system. This upwelling of hot 
~ater often reaches the surface and is manifested as hot springs, and 1eysers 
Temperatures of about 300°C and pressures from about 3.5 to 10.5 kg/cm are 
commonly found in this type of system. Electric power production from this 
type of system is presently underway at Cerro Prieto, Mexico, which is 
located within the Salton Trough region (U.S. Department of the Interior, 
1973). 



Regional Relationship/Power Generation and Transmission. Of all the 
alternative energy sources currently being evaluated, Imperial County's 
geothermal resources hold the promise of substantially liberating 
Southern California from its dependence on traditional energy fuels with 

. a substantial reduction in cost imposed on the support environment. Liquid­
dominated geothermal reservoirs in Imperial Valley have been estimated as 
capable of producing from 10,000 to 40,000 MW of electrical energy for 30 
years. Development of geothermal energy in Imperial County recently took 
a dramatic turn with the announcement of plans to build three geothermal 
generating stations with a total net output of 103 MW. Funding support 
from both public and private sectors of geothermal resource development in 
Imperial County is at a record level. Geothermal energy appears to provide 
an ideal regional answer to the current energy crisis. 

Development scenarios for geothermal energy show the first 1000 KW coming 
on line in 1980. By 1985, between 500 and 1000 MW may be installed, depend­
ing upon various factors. Forecasts by the State Energy Resource Conservation 
and Development Commission project are for 4,500 MW by the year 2020 is 
more realistic. 

While the figures represent only the electrical production, non-electric 
energy use would be nine times the electrical potential in terms of total 
BTUs. The non-electric uses are promising due to the local agricultural 
industry which may eventually utilize this energy (Wiegand, 1976). 



V. BASE LINE ENVIRONMENT 

Introduction 

Environmental Analysis (EA) #78 was written on a proposed 10-MW (net) 
research and demonstration power plant to be constructed at East Mesa 
a few kilometers to the south of Republic Geothermal, Inc.'s (RGI) 
proposed 10-MW (gross) research and demonstration power plant. This EA 
was finalized in December 1977. Based upon the information that was 
available, EA #78 thoroughly discusses the base line environment pertain­
ing to East Mesa and Imperial Valley. The reader is encouraged to peruse 
EA #78. 

The majority of the base line data presented in EA #78 is applicable to 
this EA. Where possible, the following base line data discussions are 
summarizations of the corresponding discussions in EA #78. Information 
available since the finalization of EA #78 is incorporated in this EA. 
For the most part, the following base line data discussions are limited 
to the site specific environment associated with RGI's proposals. The 
socio-economics are discussed elaborately to fulfill California Environ­
mental Quality Act requirements. 

Geology 

The proposed geothermal activities would occur at East Mesa, a geomorphic 
element of the Salton Trough. The Salton Trough is a tectonically active 
feature that lies along the San Andreas Fault Zone and forms from both 
subsidence and:right-lateral strike-slip movement associated with the fault 
zone. 

East Mesa is a nearly flat, triangular shaped area that slopes gently 
westward (Loeltz and others, 1975). The proposed area of operations is 
located at a part of East Mesa that varies m,elevation from approximately 
9 to 23 m. The northern portion of a north-northeast-trending enclosed 
low extends into the southwest portion of the proposed area of operations. 
This low measures about 2 by 0.5 km and is several meters deep. Low lying 
sand hummocks are prevelant in the proposed area of operations. 

The proposed area of operations is surficially composed of recent uncon­
solidated alluvium composed of deltaic sand, gravel, and silt (Loeltz and 
others, 1975). The area is underlain by water saturated basin fill that 
may be over 6100 m thick (Rex, 1970). This fill rests on Precambrian to 
recent metamorphic and igneous basement rock (Dibblee, 1954). 

Three right-lateral strike-slip faults which show no surface expression. 
have been hypothesized via geophysical techniques to exist at East Mesa 
near the proposed area of operations: 1) The nearly north-south-trending 
Holtville fault (Babcock,' 1971), 2) the northwest-trending Mesa fault. 
(Combs and Hadley, 1977), and 3) the north-northwest-trending Calpatria 
fault (Rex, 1970). 



The proposed area of operations lies several kilometers north and east of 
the Mesa and Calpatria faults. The inferred trace of the Holtville fault 
passes through the western part of RGI's ~roposed area of operations. In 
transferring the fault trace from Babcock's small scale map to a much 
larger scale map (scale 1:24,000); the inferred Holtville fault appears to 
pass between well sites 16-30 and 56-30. , 

Figure 10 is a geologic map of the East Mesa and surrounding area and 
illustrates the stratigraphy, structure, and location of the proposed 
area of operations. 

For a more detailed discussion on the geology of the Salton Trough and 
East Mesa, see p. 10-17, EA #78. 

Geologic Hazards 

Although many geologic phenomena possess the potential of being hazardous 
to man-made structures, only a few are considered significant in the East 
Mesa area. These phenomena are natural and induced seismicity which may 
result in ground shaking, ground rupture, liquifaction, and possible shallow 
groundwater contamination due to the upwelling of geothermal brines. 

other potential geologic hazards are erosion, volcanism, slope instability, 
flooding, and soil expansion and compaction. These hazards will not be 
further discussed because the physical conditions required for any of these 
events to occur are almost non-existant in the proposed area of operations, 
or their probability of taking place is considered extremely remote. For 
further discu$sion on these geologic hazards, see Appendix D, EA #78. 

Seismicity. The Salton Trough is one of the most tectonically ~ctive areas 
in the United States (Lofgren, 1974; Algermissen and Perkins, 1976), exhibit­
ing a high level of seismic activity which can be related to the geologic 
structure of the southern California area. The Salton Trough is dominated 
by numerous right-lateral strike-slip faults of the San Andreas fault 
system (Dibblee, 1954; Kovach and others, 1962; Biehler and others, 1964). 

Several major historical earthquakes with Modified Mercalli Intensities of 
VI or greater have occurred in or near the Salton Trough. These events are 
listed in Table 1. Figure 11 illustrates the epicentral locations of earth­
quakes·of magnitude (M) 5.0 or greater that have occurred in the region up 
to 1976. 

The East Mesa KGRA in particular is characterized by an abundance of micro­
seismic events. Specifically, this seismicity consists of swarms of micro­
earthquakes (M = 0.8-2.9) and nanoearthquakes (M < 0), as well as individually 
locatable micro-earthquakes, each day (Combs and Hadley, 1977) •. Stress and 
consequent strain which occurs within the geothermal anomaly appears to be 
relieved by a combination of these continuous discrete microseismic events 
and earthquake swarms (Combs, 1976; Combs and Hadley, 1977) .• 

Ot"lJ ~. 
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Table 1. A list of hi-storical earthquakes withi~ or near the Salton Trough that had a Modified M.ercal1i 
Intensity of VI or greater (From Atlantis Scientific, 1978) 

MJ\}{IMUM 
EPICENTER HICIITBR RECOIlDEO DISTANCE AND DIRECTION 

DATE LOC1\TION FAUL'r. MAGNITUDE INTENSI'fY l:'ROM Sl;~ 
, . g 

11-9-1052 Yuma? Glamis? Algodones l' ? IX 46 miles (74 kID)? East? 

4-18-1906 "" G1amls Algodones? San 6+ VIII 20 miles (l2 kID)? 
Andreas? Northeast: 

6-22-1915 I' E1 Centro Imperial? 61~-6~ VIII 12 miles (20 km)? West 
(2 earthquakes, ~ 

1 hour apart) . ; 

11-20-1915 Volcano Lake, S~n Jacinto? 7.1 VII 60 mtles (96 km)1 South 
Mexico 

5-27-1917 Southeast ot lIo1tville? ? VIII 5 miles (6 kID)? South 
lIoltville ". 

9-29-1919 Volcano Lake, San Jacinto? ? VIII 60 miles (96 km)1 South 
Hox1co 

10-1-1919 Volcano Lake, San Jacinto? ? VIII 60 miles (96 kID)? South 
Mexico 

11-5-1923 Ca1eKico San Jacinto? ? VII 18 miles (29 km)? South-
• wcst 

11-7-192) South of San Jhclnto? ? VIII 25 miles (40 km)? South-
Calexico La'Jun~ Salada? west 

1- 1-1927 . Calexico Imperial 5-3/4 VIII 25 miles' (40 km)? South-
west . 

2-25-1930 ./ East of Brawley 5.0 VIII 15 miles (24 km)? North-
\oles tmor} and west 

12-30-1934 I.IH)Unil Silloda l.alJuna Sa).oda? 6.5 IX 42 miles (60 km)? South-
, . I I 

wcst:. 

12-31-19)1\ £1 Doator San Jaointo? 7.1 )( 63 ml1es (101 km) SOu~\ 



Table 1. Cont' d. 

Dl\TE 

2-24-1935 

5-18-1940 

10-21-1942 

3-19-1954 

4- 8-1968 

C . .. 
c....:: 

EPICENTER 
LOCJl.TION 

Baja California 

East of 
Calexico 

Borrego Vll1~ey 

Santa Rosa 
Mountains 

J!orreqo 
Mountains 

FAULT 

? 

Imp~riaJ 

,Superstition 
lIills 

San Jaointo 

Coyote Creak 

" I I 

RICHTER 
HAGNI'rUDE 

6.0 

1.1 

6"., 

,6.2 
.... 

6.3 

I-tAXIMUM 
RECORDED 

INT£NS n'Y 
. DlSTANCE AND DIRECTIOn 

FROH SITE 
---------------_._---_ .. _.- -~------.--.---.. 

• 

1 60 miles (96 km)1 South 

X 11 miles (18 km) South-
west 

VII 44 miles (70 km) North-
west 

VI" 63 miles (101 km) North-
west 

VII (IX) , 51 miles (91 km) North-
west 
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One hazard which could result from seismic activity in the"proposed area 
of operations is ground shaking. Ground shaking is considered a primary 
hazard because of the possibility of damage over wide areas at locations 
removed from the .epicenter (Ridley and Taylor, 1975). Predictions of 
ground shaking can be expressed in terms of acceleration. According to 
Bonilla and Buchannan (1971), peak rock acceleration values for the East 
Mesa area could be between 0.4 and 0.5 g. According to Algermissen and 
Perkins (1976), there is a 10% chance that ground motion of 0.4 to 0.47 g 
would be exceeded in the next SO years. 

The California Division of Mines and Geology Urban Geology Master Plan 
(1973) simply estimates the maximum probable intensity which may be 
expected in a given area in California (Jennings and others, 1975). For the E; it 
~esa area, a maXimum. intensity of IX or' X on the Modified Mercalli scaie is' given.; 

Preliminary geotechnical studies indicate it is reasonable to expect that 
at least one magnitude 6 or 7 earthquake will occur within about 16 to 33 
km of the proposed 10-MW power plant during the life of the structure (RGI, 
1978) . 

Another affect of seismic activity is surface rupture. Surface rupture has 
occurred along faults within the Salton Trough ,but has not been detected in thf 
East Mesa area. 

",;:,~ . 

A third phenomena that may pose a haza~d as the result of seismicity is 
liquefaction. Preliminary geotechnical investigations indicate that near 
surface.deposits are dry to moist, and therefore shallow, quick condition 
failure type appears unlikely for the proposed plant sites (RGI, 1978). 
Deeper seated quick conditions (6 m or more) could occur due to groundwater 
saturation. SURh liquifaction at depth may pose no hazard and may, in fact, 
act as an insul"ator impeding the transmission of vibrational energy to 
structures or the surface (Youd, 1973). 

For a more detailed discussion on seismicity, see Geologic Hazards, Appendix 
D, EA #78. 

Soils 

An unpublished soil survey of East Mesa has recently been conducted by the 
U.S. Department of Agriculture, Soil Conservation Service, El Centro, Calif­
ornia office. This soil survey shows the following 15 soil mapping unit? to 
exist in RGI's leasehold: 

.. Casitas (CA) 

.. Vint (VI) 

.. Niland (NV) 

.. Holtville (GF) 

.. Holtville-Imperial complex (GM) 

.. Torriorthents and Orthids (TCE) 

.. Rositas fine sand, 0 to 2% slopes (RO) 

.. Rositas silt loam (RM) 

.. Rositas fine sand, 2 to 9% slopes (ROB) 
* Rositas sand (RS) 

may 



* Rositas fine sand, wet (RP) 
* Rositas loamy fine sand (RT) 
* Glenbar complex (GC) 
* Gravel pits (GP) 
* Superstition loamy fine sand (55) 

The Casitas, Glenbar, Holtville, Holtville-Imperial, Niland, Rositas, 
Superstition, and Vint soils are potentially valuable for agricultural 
use, subject to water and fertilization. 

The area of proposed surface disturbance for the 10-MW plant and associated 
field development would involve the Superstition (55) and three Rositas 
(ROB, RT, and RO) soil mapping units. 

The surficial layer of the 55 soil is a pink calcareous loamy fine sand 
that is about 15 em thick. The next layer is about 28 cm thick and is 
composed of pink loamy fine sand. The underlying layers· are pink and 
pinkish white sand with some lime segregation. 

The surficial layer of the RT soil is 
fine sand that is about 10 em thick. 
a pink to very pale brown soft sand. 
in the lower layer. 

a light brown, sl~ghtly hard loamy 
From 10 em to 180 em, the RT soil is 
Segregated lime occurs in minor amounts 

Down to 180 cm or more, the ROB and RO soils are a reddish yellow fine sand. 

The 55, ROB, RT, and RO soils possess moderately rapid permeability, low 
runoff, and slight erosion hazard. Available water holding capacity of 
these four soil mapping units is 10 em in a rooting depth of 152 em. Where 
these soils are.,bare and dry I the wind erosion potential is sl~ght or 
moderate. This wind erosion of these soils results in an abrasive hazard 
to ,young plants·: The ROB, RT, and RO soils support desert wildlife habitat. 
The 55 has a low potential for desert wildlife habitat. The 55, ROB, RT, 
and RO soils possess low bearing strengths and are corros~ve to metals. 

Figure 12 is a soils map depicting the soil units within RGI's leasehold. 
Complete descriptions of the soil mapping units are included as Appendix D. 

A site suitability investigation has been performed on the three alternative 
plant sites A, B, and C. This investigation included subsurface soil 
sampling, followed with laboratory tests performed on representative soil 
samples. 

A total of seven exploratory borings were advanced to various depths ranging 
from 9.1 m to 30.8 m. Soil samples were obtained and standard penetration 
tests were conducted at various intervals. The physical properties of 
various representative soil samples were determined through standard labora­
tory testing and analysis. 

Analyses of data from the tests show that the three potential sites are under­
lain by loose clean sands with little cohesion. The subsurface conditions at 
the three sites typically consist of medium dense sands at relatively shallow 
depths (up to about 3.7 m) and dense to very dense sands, underlain by stiff 
to hard clays and very dense silty sands at increasing depths. The materials 
appear to be pre-compressed alluvial and lacustrine deposits. 

0 '· ., 
. 0 



Figure 12. 

CA 

GC 

GF 

GM 

GP 

NV 

RO 

RM 

California showing the fifteen different soil mapping units, and the 
proposed area of disturbance for the firm's IO-MW research and 
demonstration power plant and associated development at East Mesa 
California (From the U. S. Department of Agricu lture, Soil Conservation 
Service unpublished files, EI Centro, California). 
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Each of the three alternative power plant sites was found suitable for 
construction of the proposed 10-MW power plant. The near-surface soils 
would require treatment to insure stability. Prior to final design of the 
power plant, RGI recommends that a more detailed site suitability be n~de 
of the site selected. 

For a more detailed discussion on the site stability study, see Exhibit C 
of the Plan of Utilization located in Appendix A-l. 

Hydrology 

Ground Water. The ground water reservoir in the Imperial Valley region is 
composed of a thick sequence of Cenozoic valley-fill. The thickness of this 
reservoir may be up to 6100 m b~neath the proposed area of operations (Rex, 
1970). The flow of ground water at East Mesa is westward. 

The ground water aquifer system underlying RGI's East Mesa leasehold can be 
divided into three main zones. The deepest zone is the production zone and 
lies between about 1680 and 2290 m. The intermediate zone is the injection 
zone and lies between about 610 and 1520 m. The shallow zone extends from' 
near the surface to about 200 m. 

In general, water from the shallow ground water has the best quality and 
water from the injection zone has the poorest quality. Water from the 
production zone is of intermediate quality. According to RGI, the low pH, 
high iron, high CIINa, and high TDS due to excess Cl, suggests the fluid 
sample from proposed injection well 18-28 is still contaminated by acid 
completion fluids. Later analyses should clarify this situation. RGI has 
submitted chemical analyses of fluids from two proposed production wells 
(56-30 and 16-29) and two proposed injection wells .{18-28 and 52-29) for the 
~ko~psed 10-MW power plant, and a shallow water well (WW-l) . These analyses, 
representative of the three zones, are shown in Table 2. 

For a more detailed discussion on the ground water of Imperial Valley and 
East Mesa, see' p. 24-28, EA ~78. 

Surface Hydrology. East Mesa is located within the Salton Sea Drainage 
Basin. Within the Salton Sea Drainage Basin lies the Salton Sea, Imperial 
Valley, and Coachella Valley. The major source of surface water in the 
Salton Sea Drainage Basin is the All American Canal, which diverts water 
from the Colorado River. The sink of this hydrologically closed basin is 
the Salton Sea. 

The All American Canal, along with smaller canals and drains in and around 
the irrigated lands, distribute and collect water. Over 99% of the approxi­
mately 3.7 billion m3 of Colorado River water that enters the Imperial Valley 
each year is used for agriculture. 

The only surface water channel in RGI's leasehold is a portion of the East 
Highline Canal. This canal branches off the All American Canal, and flows 
northward along the eastern edge of the Imperial Valley. 



Table 2 • Chemical analyses of water from Republic Geothermal, Inc.'s 
geothermal wells 16-29, 56-30,18-28, and 52-29, and shallow 
water well ~~-l, all located on RGI's leasehold at East Mesa, 
California. The geothermal wells 56-30 and 16-29 are proposed 
production wells for RGI's proposed 10-MW power plant and the 
water samples were taken from the 1680 to 2290 m production 
zone. The geothermal wells 18-28 and 52-29 are proposed injec­
tion wells and the water samples were taken from the 610 to 
1520 m injection zone. Shallow water well w~-l is 200 m deep 
and is a pOssible source of water necessary for geothermal 
operations. 

pH 

TDS 

N2 

ca 

K 

Mg 

Fe 

Li 

Ba 

Cl 

B 

Br 

Date 

Proposed Pr~duction Wells 

7.70 

1761.00 

149.60 

506.00 

2.60 

28.50 

.10 

.04 

.·r 

461.00 

-0-

530_00 

83.00 

3.30 

3.00 

.17 

.10 

7-21-77 

I6-29b 

145.00 

9.15 

1952.00 

150.00 

610.00 

2.60 

34.00 

.07 

.05 

1.10 

.70 

555.00 

93.60 

430.00 

. 110.00 

3.60 

.20 

-0-

.12 

7-27-77 

156.00 

9.26 

2026.00 

141.00 

640.00 

2.20 

21.20 

.07 

-0-

.53 

.30 

588.00 

40.60 

433.00 

210.00 

2.80 

1.40 

.09 

.08 

.30 

2-16-78 

Proposed Injection 
Wells 

7505.00 

152.60 

1546.00 

701.00 

123.70 

129.90 

164.90 

4386.60 

-0-

.01 

139.20 

.50 

2.78 

.10 

.08 

11-22-77 

52-29b 

21.00 

6.22 

2020.00 

62.70 

750.00 

11.70 

45.20 

3.40 

.33 

1.00 

-0-

666.00 

.06 

532.00 

155.00 

1.72 

1.38 

.12 

2.30 

.ll 

1-29-78 

Shallow Water 
Well 

mv-la, c 

8.3 

1600.0 

10.0 

410.0 

68.0 

12.0 

19.0 

.1 

760.0 

9·0 

.5 

.9 

N/A· 

N/A 

ll-75 

a. Pre-flash Fluid c, located in SW~SE~, Sec, 29, T. 15 5., R. 17 E. 
b. Post-flash Fluid 
SOURCE: Republic Geothermal, Inc. 
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Surface water quality in the Imperial Valley is fair. Total dissolved 
solids (TDS) concentrations average around 900 mg/t. This water can be 
consumed by humans, although the U.S. Public Health Department recommends 
a maximum TDS concentration of 500 mg/~. The TDS concentration in the 
Salton Sea is over 38,000 mg/i, more than that of sea water. 

For a more detailed discussion on the surface hydrology, see p. 28-36, 
EA #78. 

Climate 

The Imperial Valley has a desert climate and is characterized by hot, dry 
summers, and mild winters (USGS, 1977). The average temperature in January 
and July is respectively about 12°C and about 32°C. Average diurnal tempera­
ture ranges are 11 to 17°C. There is an average of 12 frost days each year 
in the Imperial Valley. 

Precipitation in Imperial is very low, averaging about 6.94 em-per year. 
The rainy season is from August through March. The humidity in the Valley 
is very low, especially in the summer. 

The yearly average wind speed is about 14 kID per hr. The prevailing wind 
direction is from the west during most of the year. The average annual 
potential evaportranspiration rate, based on climatological data for Y~~a, 
Arizona, is about 2.7 m • 

. 
Throughout the year, temperature inversions are preve1ant during the nights 
in Imperial Val~ey (USGS, 1977). Mixing in the lower atmosphere is limited 
to a height of 61 to 6100 m (Benett, 1975). Inversions are destroyed by 
the intense heat during summer days but persist throughout much of the 
winter days. 

For a more detailed discussion on the climate of Imperial Valley, see 
p. 37-38, EA ~78. 

Air Quality 

An ambient air monitoring program is being conducted in the Imperial Valley 
as part of the Imperial Valley Environmental Project (IVEP). The IVEP was 
established by the Energy Research and Dev.elopment Administration (ERDA, 
now Department of Energy (DOE» to develop a base line of environmental 
data and to assess the potential environmental impact of future geothermal 
installations. Lawrence Livermore Laboratory (LLL) was selected by ERDA 
to set up and manage the IVEP. For a more detailed discussion of this 
study, see EA #78. 

LLL has set up six air quality/meteorological monitoring stations in the 
Imperial Valley. The station locations are shown on Figure 13. 
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lVEP station No.1, near the SDG&E facility southwest of Niland, has pro­
vided data on the ambient-air concentrations of H2S, S02' and 03 (as well 
as wind speed, wind direction, temperature, and relative humidity) since 
June 1976. The concentrations of these three gases are extremely low in 
the northern end of the Valley. The U.S. Environmental Protection Agency 
(Las Vegas) has measured H2S and S02 concentrations from July through 
September 1976 at the U.S. Bureau of Reclamation facility at East Mesa, at 
the town of Niland, and at a site approximately 2 km south of the SDG&E 
facility, near Station No.1. Most of these concentrations have been less 
than the detection limit of the flame-photometric detector which is 0.005 
ppmv. A few values for H2S reached a maximum of 0.05 ppmv at the East Mesa 
facility when the sampling location was directly downwind from a geothermal 
well operation. . 

Total suspended particulate (TSP) concentrations at El'Centro, Calexico, 
and Brawley are relatively high, and may be representative of the entire 
Valley. During a 12-month period (June 1974 to May 1975) the geometric 
mean of TSP concentrations measured at the Brawley station was 211 ~g/m3 
which is above the California State and Federal air quality standard (see 
Appendix H, EA #78). 

Photochemical smog has occurred near Calexico and was primarily caused by 
automobile traffic and small industrial manufacturing operations located 
in Mexicali, Mexico (Taylor, 1977). 

As shown in Table 3 the total non-condensable gas emissions from the power 
plant is expected to be about 6314 kgjhr. The drift from the cooling tower 
is expected to be 174Skg/hr of which about. 2.0 kg/hr will be particulates. 
For a more.complete discussion of anticipated emissions, see the Plan of 
Utilization in Appendix A-I. 

Noise 

Ambient noise levels were measured on January 15, 1976 at three locations 
in the Valley by the lVEP and the results ·are shown in Table 8. Al though 
an extensive noise level survey has not been conducted in the area, it 
appears that the background noise level is generally below 40 dB(A) (Nyholm 
and Anspaugh, 1976). 
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Table 3. 

ANTICIPi\TED INITIAL NONCG:-mENSi\BLE GAS EHISSIONS FROH PROPOSED 

10 1-1 \oJ (GROSS) GEOTHEPJ.'1t\L PO,'lER Pr...;;..'lT ( From RGI, 1977 ). 

Weight Percent Projected 
Anticipated Of Total Noncondcns2bles Emission Rate 

Emission ' \"re11 16-29 ~'Jell 38-30 (kq/hr) 

Carbon Dioxide' {CO2 > 94.452-, 95.03S 5962 6006 

Nitrog~n (N
2

) 3.972 3.571 227 - 251 

Methan~ _ (CH
4

) , 1.123 0.374 24 - 71 
. 

Argon (Ar) 0.121 0.145 7.7 9.1 

Ethane (C
2

H
6

) 0.139 0.061 3.85 - 8.33 

Propane (C
3

H
S

) 0.114 - 0.084 5.30 7.22 

Benzene (C
6

H
6

) 0.065 0.015 0.95 - 4.11 

Hydrogen (H
2

) -0.006 0.005 0.31 - 0.37 

Hydrogen Sulfide (H
2

S) 0.005 0.000 0.00 - 0.31 .. 
'Toluene (C

6
HSC"H3) 0.004 0.000 0.00 0.24 

Total Noncondensable Gas Emissions Approximately 6314 kg/hr-

: 

Table 4. Ambient Noise Hcasurements 

Salton Sea Bird sanctuary at Foss Road 

Geothermal Well Woolsey No. 1 adjacent 
to the SDG&E facility 

Intersection of South First St., and 
Main St., Brawley, C,\. (at 10101 traffic density) 

Source: Nyholm and Anspaugh, 1976 
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Biology 

Wildlife 

The wildlife species within the area of the RGI's proposed area of 
operations have developed behavioral, morphological. or physiological 
adaptations which permit them to inhabit an extremely harsh desert environ­
ment. The limited presence of drinking water restricts the distribution 
of some wildlife species which are water-dependent. Drinking water on RGI's 
leasehold is available from the East Highline Canal which runs along the 
western edge of RGlts lease CA-966. Water may also be temporarily avail­
able from the geothermal fluids produced into the sumps, depending upon 
the fluid quality. Canal water is available to mobile species or those 
which live directly adjacent to the canal. Other species must obtain water 
from their food, from production of metabolic water, or from standing water 
which is occasionally present due to rainfall. 

Many of the mammals in the 
hours underground in their 
water loss. Other species 
daily summer temperatures. 
the hottest time of day. 

area are nocturnal, spending the hot daylight 
relatively cool burrows. Such behavior lessens 
are diurnal and therefore must cope with high 

Some of these escape into their burrows during 

Wildlife species are most active in the spring when annual plants are 
growing and reproducing. During spring and early summer, reproduction 
occurs in the majority of desert species. 

Vegetation is particularly important.to wildlife because it furnishes food, 
(i.e. seeds, green foliage) provides a substrate upon which to forage for 
insects, creates shelter against predators and inclement weather conditions, 
supports burrows for some species, and provides nest sites and song posts 
for birds. Desert shrubs also serve to conceal and protect the burrows. 

Habitat Types and Associated Species. Two major types have been identified 
in RGI's leasehold (Atlantis Scientific, 1978). These two habitat types 
are the Sonoran creosote bush scrub and partially stabilized desert dunes. 
Another naturally.occurring habitat type in the area is the mesquite hummock 
(Atlantis Scientific, 1978). However, only three mesquite hummocks were 
actually found in RGI's proposed area of operations near proposed power 
plant site A (Atlantis Scientific, 1978). 

A detailed inventory of wildlife species known or suspected to inhabit the 
habitat types of the RGI leasehold is presented in Appendix G. Field inven~ 
tories were conducted from April to mid-July 1977. 

The proposed lO-MW power plant sites and attendant facilities are located 
exclusively within partially stabilized desert dune habitat. A few wild-
life species show a preference for this habitat (Atlantis Scientific, 1978). 
In particular, some reptiles prefer the looser, sandier soils associated with 
the partially stabilized dunes. Such species in~lude the Colorado desert 
fringe toed lizard (Uma notata) and the western shovel-nosed snake (Chionactus 
occipitalis) • 
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Large creostoe dominated hummocks are present in this habitat~type. The 
fringe-toed lizard, leopard lizard (Crotaphvtus wislizenii), long-tailed 
brush lizard (Urosaurus graciosus), and desert side-blotched lizard (Uta 
stansburiana) were observed on these hummocks (Atlantis Scientific, 1978). 

Bird species have a great degree of mobility and can range throughout the 
habitats in the proposed area of operations. Some species or individuals 
might prefer the more densely vegetated partially stabilized dune areas 
due to the greater degree of available food and shelter. 

Densities of breeding birds on the East Mesa have been determined. Six 
sample plots were selected in the two major habitat types. The results are 
presented in Table 5'. 

The following mammals listed below have been observed in or near RGI's pro­
posed area of operations. The description of these mammals are from Atlantis 
Scientific (1978). 

* Black tailed Jack Rabbit (Lepus californicus). This species is common 
throughout the habitat types of RGI's leasehold and is frequently 
observed. 

* Round-tailed Ground Squirrel (Citellus tereticaudus). Found in all 
habitat types. Appears to be particularly common in the partially 
stabilized desert dune habitat as evidenced by the occurrence of 
many ground squirrel burrows in the larger creosote dominated hummocks. 
About 6 to 16 burrows per creosote hummock were observed. 

* Desert Kangaroo Rat (Dipodomys deserti). Considered to be a common 
mammal in, East Mesa, its popUlation density has been estimated at 2.2 
per ha in the Sonoran creosote bush scrub and 7.4 per ha in the 
partially' stabilized desert dunes. It may also inhabit the mesquite 
hummocks. It is nocturnal and a major prey species for preditors. 

* Merriam's Kangaroo Rat (£. merriami). Its popUlation density in the 
Sonoran cre9sote bush scrub habitat is estimated to be 3.7 per ha. 
It is nocturnal and a major prey species for predators. 

* Little Pocket Mouse (Perograthus longimembris). This species is 
suspected to be present in all habitat types. It has been verified 
on the partially stabilized desert dunes. 

* White Throated Woodrat (Neotoma albigula). This woodrat is common 
on the mesquite hummock exclusively and is known to occur on East 
Mesa. Since three mesquite hummocks exist in RGI's proposed area of 
operations, this nocturnal species may be present. 

At lease three mammalian predators are known to exist throughout the East 
Mesa area. 
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Table 5. The densities of breeding birds on the East M~sa as determined 
from six sample plots. 

Density: Number per 40 ha 
Partially Stabilized 

SEecies Sonoran Creosote Brush Scrub Desert Dunes 
, ., 

Plot 1 Plot 2 Plot 3 Plot 4 Plot 1 Plot 2 . 

Mourning Dove 4 8 '-
Lesser NightJawk - 8 4 '4 

Horned Lark 4 

LeConte's Thrasher - 4 4 

Black-tailed 
Gnatcatcher 9.3 8 8 - 8 

Loggerhead Shrike - 4 

TOTAL 13.3 24 20 8 8 4 



* Coyote (Canis latrans). The coyote is a widely distributed species 
which preys on a variety of animals. Tracks, scats, and a potential 
den were observed. 

* Badger (Taxidea taxus). Badgers are known to occur in Sonoran 
creosote bush scrub. Its hunting range probably encompasses all 
of the habitat types of RGl's leasehold. The badger is partially 
protected as a game species by the California Department of Fish 
and Game (CDFG). 

* Kit Fox (Vulpes macrotis arsipus). The kit fox is fully protected 
by the CDFG and is a significant species which inhabits RGI's 
leasehold. Th~ residences of kit foxes in both the major habitat 
types has been verified. Several dens within RGI's leasehold have 
been located and others are also undoubtedly present. 

A significant, dense concentration of tamarisk occur in Sec. 24, T. 15 S., 
R. 16 E. This area affords habitat for numerous wildlife species (Atlantis 
Scientific, 1978). Coyote scats were very numerous and the remains of 
several species of prey animals, including a possible mule deer (Odocoileus 
hemionus), were observed there (Atlantis Scientific, 1978). 

The East Highline Canal provides habitat for a number of waterfowl and several 
shorebird species. It also provides water for wildlife adjacent to the canal 
as well as to some avian species which travel considerable distances to drink. 
Muskarts (Onatra zibethica) reside in the canal. 

Significant Species. Wildlife species may be considered significant based 
on having a restricted distribution, low density, or highly specialized 
habitat requirements (Atlantis Scientific, 1978). Significant species also 
include those on the Federal or State endangered, threatened, or rare lists. 
Most of the sign~ficant species which occur in or near RGI's proposed area 
of operations are protected by State or Federal regulations (Atlantis 
Scientific, 1978). In addition, several bird species are listed on the 
Audubon Society's Blue List (Arbib, 1978), a list of diminishing bird 
species in the U.S. 

Reptiles 

Of the eleven lizard spe~ies known to inhabit the East Mesa, six are 
partially protected by the CDFG (Atlantis Scientific, 1978). The six 
include: 

Desert Iguana 
Colorado Desert Fringe-Toed Lizard 
Leopard Lizard 
Desert Horned Lizard 
Flat-tailed Horned Lizard 
Banded Gecko 
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(Dipsosarus dorsalis) 
(Oma notata) 
(cr;taphytus wislizenii) 
(Phrynosoma platyrhinos) 
(Phrynosoma m'calli) 
(Coleonyx variegatus) 



The CDFG has placed collection limits on these previously mentioned 
species, partly due to their special value for educational purposes and 
commercial uses (Atlantis Scientific, 1978). Currently, the flat-tailed 
horned lizard is under status review by the U.S. Fish and Wildlife Service 
(USFWS) to determine if it should be proposed for inclusion on the 
Threatened Species List. A decision is anticipated in the fall of 1978. 

Mammals 

There are seven mammalian species known or suspected to occur on the East 
Mesa which are either partially or fully protected by the CDFG (Atlantis 
Scientific,1978). Partially protected species are: 

Black-tailed Jack Rabbit 
Audubon Cottontail 
Gray Fox 
Badger 
Bobcat 
Mule Deer 

(Lepus californicus) 
(Sylvilagus audubonii) 
(Urocyon cinereoargenteus) 
(Taxidea taxus) 
(Lynx rufus) 
(Qdocoileus hemionus) 

Hunting regulations apply to the above mammalian game species. The bob­
cat is currently under status review to determine if it should be proposed 
for inclusion on the Federal Endangered Species List. 

The Kit Fox (Vulpes macrotis arsipus) is fully protected by California 
state law (CDFG, 1973). The presence of kit foxes in the two major 
habitat types of East Mesa has been verified and a number of dens have 
been located, some with young. 

Birds 

Numerous birds are known or suspected to inhabit the East Mesa (Atlantis 
Scientific, 1978). In addition, several migratory and wide-ranging bird 
species were observed in ~~e project area in search of food or water 
(Atlantis Scientific, 1978). Many of these bird species are listed on 
the Audubon Blue List (1978) of diminishing species (Atlantis Scientific, 
1978). These listed birds are: 

Red-tailed Hawk 
Cooper's Hawk 
Sharp-shinned Hawk 
Marsh Hawk 
Prairie Falcon 
Short-eared Owl 
Burrowing Owl 
Loggerhead Shrike 
Cliff Swallow 
Yellow Warbler 
Vesper Sparrow 
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(Buteo jamaicensis) 
(Accipiter cooperii) 
(Accipiter striatus) 
(Circus cyaneus) 
(Falco mexicanus) 
(Asio otus) 
(speot~cunicularia) 
(Lanius ludovicianus) 
(Petrochelidon pyrrhonota) 
(Dendroica petechia) 
(Pooecetes gramineus) 



Compiled annually by ornithologists, the Blue List indicates bird 
species which now are or seem to be, reduced or diminishing in number 
regionally or in their respective ranges (Atlantis Scientific, 1978). 
Although inclusion on the Blue List implies no legal protection, it 
does give an indication of what bird species require special attention 
(Atlantis Scientific, 1978). 

Two partially protected species may also inhabit the proposed area of 
operations. One of these, the mourning dove (Zenaida macroura), was 
observed in RGI's leasehold (Atlantis Scientific, 1978). The second, 
Gambel's quail (Lophortyx gambelii), is a possible resident of the 
leasehold although it is not verified (Atlantis Scientific, 1978). Since 
Gambel's quail generally require thick vegetation and are usually found 
near water, they might find suitable habitat in the extreme western portio 
of the leasehold near the East Highline Canal (Atlantis Scientific, 1978). 

The above species have been verified or their presence is suspected in 
the habitat of East Mesa (Atlantis Scientific, 1978). The preditory 
birds mentioned above might all utilize the habitat types of RGI's 
leasehold as hunting grounds. 

Endangered or Threatened Wildlife Species. No wildlife species present or 
suspected to occur within RGI's leasehold are listed on the Department of 
Interior'S Endangered or Threatened Species List. In addition,no wild­
life species listed as "Endangered" or "Rare" by the CDFG occur in the 
leasehold or surrounding area (Atlantis Scientific, 1978). However, as 
previously discussed, the flat-tailed horned lizard is under status review 
by the USFWS to determine if it should be listed as "threatened". Also, the 
bobcat is under status review. Bobcats, if present on· East Mesa, probably 
occur in very low densities. Geothermal development would reduce the 
suitability of ·the habitat, especially for the flat-tailed' horned 
lizard, renderi~g the habitat less likely to be used by the species. For 
this horned lizard, East Mesa represents prime habitat. 

The Andrews' dune scarab beetle, which will soon be proposed as a Federal 
Threatened Species, occurs on the Algodones Dunes, directly to the east of 
RGI's leasehold. Since little is known about the habitat requirements of 
this species, it is possible that it is also found within the lease area. 
No surveys for this insect species have been undertaken. 
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Vegetation 

Two subdivisions of the creosote bush scrub plant community, as described 
by Cheatam and Haller (1975), are present in the lease area: Sonoran creosote 
bush scrub, and partially stabilized desert dunes. 

Creosote bush (Larrea tridentata) is the dominant shrub of the area. An 
important sub-dominant is desert buckwheat (Eriogonurn deserticola). Four-
wing saltbush (Atriplex canescens) and burro-bush (Ambrosia durnosa) are 
al~o cornmon shrubs of the area. The common annuals of the area are Spanish 
needles (Palafoxia linearis var. linearis), wooly plantain (Plantago insularis), 
dune primrose (Oenothera deltoides), and lax flower (Bailoya pauciradiata) • 

In the spring of 1978, a botanical field inventory of the project area was 
conducted. This inventory consisted of transects in all proposed areas of 
disturbance. Species lists were compiled and plant species were given an 
"occular" abundance rating. For roads and powerlines two trnasects were 
walked, 15 m from either isde of the center line. Transects were walked 
every 30 m for well and plant sites (Pritchett, 1978). A report on ~~is 
botanical survey is included as Appendix F. 

Sensitive Species. During the field inventory, a thorough search was made 
for several rare and endangered plant species for which there is suitable 
habitat within the lease area. The species listed as rare and endangered 
by both the'U.S. Fish and Wildlife Service (FWS) and the California Native 
Plant Society·'(CNPS) were ~~obroma sonorae, Croton wigginsii, Helianthus 
niveus var. tephrodes, Palafoxia linearis var. gigantes, and Pilostyles 
thurberi (USDI, u.s. Fish and Wildlife Service, 1976ai Powell, 1974). 
Additional Species listed only by CNPS were Astragalus magdelene var. 
piersonii, Astragalus lentiginosus var. borreganus and Eriogonum deserticola 
(Powell, 1974). Of these eight species, only Eriogonum deserticola was 
found in the lease area. And because of the intensive nature of the survey 
conducted for the other species during the spring of 1978, there is a high 
degree of certainty that they are not present in the lease area (Pritchett, 
1978) • 

Eriogonurn deserticola is a shrub which inhabits sandy washes and dune systems 
in Imperial County (Nunz, 1974). During the spring 1978 field inventory, 
it was found to be abundant in the lease area and is an important sub­
dominant species. Large populations of desert buckwheat have been observed 
on other areas of East Nesa, on the Algodones Dunes, on West Nesa, and on 
the Yuma Desert. 
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CUltural Resources 

Several cultural resource field surveys of varying intensity have been 
conducted within the proposed area of operations, resulting in the 
recording of the following twenty-two archeological sites or loci: 
4-Irnp-125, 135, 307, 2933, 2934, 2935, 2936, 2937, 2938, 2939, 2940, 
2941, 2942, 2943, 2944, 2945, 2946, 2947, 2948, 2951, 2952, and 2981. 
It is probable that 4-Imp-125 and 135, recorded in the 1920's, were re­
located in later surveys and respectively assigned duplicate site numbers 
of 4-Imp-2947 and 2948 • 

. Archeological Research, while conducting an extensive sample survey of 
the East Mesa in 1973, recorded one site, 4-Imp-307, within the proposed 
area of operations (Ellis and Crabtree, 1974). This site was relocated 
in a later survey .and assigned the duplicate number of 4-Imp-2936. 

- Four field surveys of several proposed access routes and drill sites 
within RGI's geothermal leasehold were conducted by Imperial Valley 
College Museum (IVCM) in 1975 and 1977 (von Werlhof and von Werlhof, 
1975a; 1977a; 1977b). As a result of this work, two isolated stone tools 
and a locus of three sherds were found. 

In October 1977, the Archeological Research Unit of the University of 
California·, Riverside, surveyed the three al terna te power plant si tes and 
additional access routes and drill sites within the proposed area operations. 
No cultural resources were found (Swenson and Lipp, 1977). 

In March and Ap~il, 1978, IVCM conducted a complete archaeological survey 
of an area whic9 encompasses the proposed area of operations. Coverage 
consisted of a close and intensive examination of areas between the 10.8-m 
and l3.7-m elevations and 9-m to l5-m transects throughout a large portion 
of RGI's geothermal leasehold at East Mesa. The area between the 10.8-m 
and l3.7-m elevations corresponds to the relict Lake Cahuilla shoreline, 
an area known to have been utilized aboriginally. The IVCM wrote an . 
archaeological report on this survey which is included in this EA as 
Appendix E. Much of the following discussion on the cultural resources of 
both East Mesa and those discovered during this recent survey on RGI's 
leasehold is summarized from this IVCM report. For a discussion on the 
prehistory of the general region, see Weide and Barker (1974), Weaver 
(1977), and Ellis and Crabtree (1974). A "Cultural Resources Report for 
Republic Geothermal" compiled from several archaeological reports by the 
BLM Riverside District, is also available at the BLM and AGS offices. 

A total of nineteen archeological sites, or loci, were located by IVCM's 
intensive survey. Sixteen of these (4-Imp-2933, 2934, 2935, 2938, 2940, 
2941, 2942, 2943, 2944, 2945, 2946, 2947, 2948, 2951, 2952, 2981) were 
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isolated artifacts or small Ibthic and sherd scatters. One of these, 
4-Imp-2942, also contained a military bomb fuse box, probably associated 
with military excercises from the Navy's Holtville Outlying Field, north 
of the proposed area of operations. This same site also contained a small 
fish bone scatter. 

Each of these sixteen sites has been described, sketched, inventoried in 
field books, plotted on field maps, and collected. Each collected item 
has been numbered, cataloged, and stored at IVCM for full processing and 
further study. Collection of these isolated and widely scattered artifacts 
was carried out during the field survey because IVCM considered it necessary 
to collect and analyze a sample of the sherds before meaningful statements 
of significance could be made. Furthermore, all of these cultural materials 
had been affected,by sheetwashing and other erosional processes to which 
they would continue to be subject if left in place. Beyond this, it is 
unlikely that many of them could have been relocated for collection at 
a later time. 

The three remaining sites have not been collected. Site 4-Imp-2936 
(previously recorded as 4-Imp-307) is a surface scatter of over 1500 
sherds with lithic debitage, cores, scrapers, abraders, other tools, and 
thermal-fractured rock. Sites 4-Imp-2937 and 2939 are surface pottery 
scatters, each containing approximately 75 sherds. Only site 4-Imp-2939 
lies within the proposed area of operations for the 10~ power plant. 

Although materials from 4-Imp-2936, 2937, and 2939 have not been analyzed, 
pottery·from the other 'sixteen sites has, with the exception of one Tumco 
Buff sherd, been assigned byIVCM to the non-riverine Salton Buff type. 
This contrasts 'with ~~e type frequency distribution exhibited by five 
East Mesa sites excavated by IVCM several years ago which contained sig­
nificant proportions of essentially riverine ceramics. Salton Buff pre­
dominates along the western and eastern shoreline of Lake Cahuilla, and it 
has been suggested that the presence of these sherds on RGI's geothermal 
leasehold represents utilization by Kumeyaay groups (von Werlhof and 
von Werlhof, i978). 

Preliminary field inspections of the three larger sites (4-Imp-2936, 2937, 
2939) revealed the presence of pottery types other than Salton Buff which 
may, along with material from the five previously excavated East Mesa sites, 
reflect a co-mingling of Kumeyaay with groups from the Colorado River 
(von Werlhof and von Werlhof, 1978). Such hypotheses, while reasonable, 
can be evaluated only through further study. 

All but one of the sites recorded within the proposed area of operations 
cluster around the 10.8-m to l3.7-m elevation stands of Lake Cahuilla 
which appears to have filled the Salton Basin from about 300 A.D. to about 
1500 A.D. This spatial pattern, together wi~~ the sparse nature of the 
cultural materials identified, suggests intermittent or seasonal exploita­
tion of lacustrine and other resources along the shoreline. Considering 
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the postulated l.S-m per year drop in the level of Lake Cahuilla, it is 
proba9le that these sites were occupied for only a few seasons. 

Utilization of this area may have occurred during May and June when 
annual flooding along the Colorado forced the relocation ·of river Yuman 
groups to the East Mesa. The area may also have been utilized during the 
fall by Kumeyaay and river Yumans for the harvesting of mesquite beans, an 
important ~original food resource. 

National Register Eligibility. Documentation on the three rema~n~ng sites 
(4-Imp-2936, 2937, and 2939) within RGI's leasehold has been submitted to 
the State Historic Preservation Officer (SHPO) for review and comment 
regarding their possible eligibility for the National Register of Historic 
Places. This documentation, along with the opinions of BU1 and the SHPO 
regarding this eligibility, will be forwarded to the Keeper of the Register 
in accordance with 36 CFR 63. 

In order to qualify for the National Register, properties must meet the 
criteria of eligibility codified in 36 CFR SOO.lO. Primary among these 
criteria is that sites must "possess integrity of location, design, setting, 
materials, workmanship, feeling and association ••• " (36 CFR SOO.lOa). The 
integrity of the three sites within RGI's leasehold has deteriorated from 
erosional process, and site 4~Imp-2936 has been bisected by a road. However, 
all three sites can be expected to yield information important in pre­
history (36 CFR SOO.10a4), especially if studied in comparison to similar 
East Mesa sites previously collected and excavated by IVCM. On the basis 
of this last criterion, these three sites appear to be eligible for the 
National Register. 

Native American'Concerns. In response to concerns formalized by the 
Native American Heritage Commission, BLM has accepted the responsibility 
to ensure that projects or activities under its jurisdiction do not 
inadvertently damage or destroy sites of special religious or social 
significance to Native Americans. 

The only organized tribal group of Native Americans in Imperial County 
is ~~e Quechan, a group of Yuman Indians who live on the Fort Yuma 
Reservation. In connection with a previous survey for Magma Power Co.'s 
geothermal installation located approximately 4 km south of RG~'s lease­
hold, a response from this group was elicited. At the request of the 
SHPO in consultation with the Native American Heritage commission, IVCM 
contacted the Quechan Tribal Council to determine whether that group 
had any sacred or religious attachment to the East Mesa parcels proposed 
for geothermal development. Council President Fritz Brown told IVCM that, 
since the East Mesa KGRA was 64 kID west of the tribal boundary, he did 
not believe that the Quenchans held an interest in the property (von 
Werlhof and von Werlhof, 1975). 
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Land Use 

The majority of the land at East Mesa is Federal. There are minor amounts 
of private lands in the area. 

That portion of the eastern Imperial Valley known as the East Mesa area 
was withdrawn for the Bureau of Reclamation by SO 1-31-1903 as a second 
form withdrawal for the Colorado River project. This initial land 
withdrawal by the Federal Government has been amended several times by the 
u.s. Navy and other Federal agencies. 

The Bureau of Reclamation has established an agricultural research station, 
. the Brock Research Center, in Sec. 31 and 32, T. 16 S. R. 19 E., approximately 

13 kID southeast of the proposed area of operations. A few sections of land 
in the northern portion of the East Mesa area have been designated as 
Imperial Sand Dunes Recreation Land by Bu~ order S-5338Q. The Bw~ is 
considering additional recreational uses of the area near the project site • 

. Geothermal exploration activities have been in progress over the past few 
years at East Mesa. The East Mesa area has been designated as a KGRA and 
Geothermal exploratory permits have been issued. No other mining or mineral 
exploration of record is currently under way within or adjacent to the 
proposed area of operations. 

The East Mesa area has an extremely high potential for producing geothermal 
energy. Explorations and testing are being conducted at an intensive level 
in the East Mesa KGRA. 

The proposed area of operations is an area where there are several geo­
thermal test wells. At present, however, there are no major structures in 
the proposed area of operations. Due south, approximately 4 km from the 
proposed area of operations, is Magma Power Company's 10-MW (net) R&D 
power plant which is currently under construction. Magma's power plant 
is located on Federal lands. 

The proposed area of operations for RGI's 10-MW R&D power plant is located 
directly adjacent to the Holtville airstrip and is readily accessible to 
the general public. In the past, this area has supported drag race, dune 
buggy, motorcycle, and hunting enthusiasts. There are no available estimates 
of the number of user days of recreation occurring in this area. 

The current Federal lease program for geothermal development at East Mesa 
has limited the access by the general public. The closest recreational 
facility is the Gecko Campsite, developed and operated by the BLM. The 
Gecko facilities are located approximately 6.25 km north-northeast. from 
the proposed area of operations. 

054 



Current zoning for the proposed area of operations! as de~ignated by 
Imperial County, is S (open space), The area to the west of the project 
site has been designated A-2 (general agriculture) and A-3 (heavy 
agriculture). Additional S (open space) designations exist to the east. 
A small area to the northwest, around the Holtville airstrip, is zoned F 
(recreation). To the southwest, directly adjacent to RGI's leasehold, is 
65 ha of productive agricultural land. 

Current land uses of the East Mesa area are shown on Figure 14. 

The Geothermal Element, recently approved by the County of Imperial, has 
recognized the East Mesa area as a probable geothermal development area. 
Since the proposed area of operations is in a portion of the County which 
is outside the jurisdiction of one of the neighboring municipalities, 
Imperial County's General Plan applies. At present, the General Plan of 
the County of Imperial designates the East Mesa area and the proposed area 
of operations for recreational uses and the zoning for this area is consis­
tent with the current General Plan designation. However, as stated in the 
Geothermal Element to the General Plan, the County of Imperial has removed 
itself from permitting and being the lead agency responsible for experi­
mental power plants. Thus, Imperial County takes the roll of an ad-hoc 
responsible agen~I whose authority exists only in the approval of the 
Environmental Impact Statements or Environmental Assessments provided by 
the Federal Government. 

The climate of the region and imported water makes Imperial Valley one of 
the most valuable agricultural regions in the nation. In 1974, there were 
almost 200,000 ha of irrigated land, producing gross sales of $557 million. 
The Imperial Valley is the largest single area of irrigated land in the 
western hemisphere. 

The top soil salinity is probably the most important agricultural problem 
in the Imperial Valley. The .irrigation system is the major source of 
control and is closely tied to the salinity problem. Control of the top 
soil salinity problem requires extensive subsurface controls arid monitoring 
of the watering system. 

The boundary of the East Mesa KGRA does include some areas of agricultural 
production. That area leased by RGI, the proponent of the subject project, 
has a small amount of agricultural lands within the lease boundaries on 
the west edge. The proposed area of operations is located east of the East 
Highline Canal and does not appear to present any threat to the agricultural 
production system. 

Solid waste disposal in Imperial County is provided by several public dumps 
located west of Calexico, north of El Centro, north of Brawley, and in 
other parts of ~~e County. Each of these dumps has been classified as 
Class II and are capable of receiving most residential and commercial solid 
and liquid wastes; however, there are currently no areas within the County 
capable of receiving toxic industrial wastes from drilling operations as 
Class II, modified, which may be used for pesticide container disposal. 
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Figure 14 '0 A mop of the East Mesa, California area showing the current 
land uses, Republic Geothermal Inc.'s Federal geothermal leasehold, 
and the proposed area of operation for R G I's IO·mw R a 0 power 
plant, 
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The major transportation routes in the region include one Interstate, three 
State highways, two railroads and some air transportation, The Interstate 
and three major State highways provide access to the Imperial Valley from 
the rest of California, Arizona, and Mexico. These highways are Interstate 
8, and State Highways 86, 98, and Ill. 

Highway 86 enters the County from the north, runs along the west side of 
the Salton Sea through Brawley and El Centro, and provides direct access to 
the East Mesa area. Highway III also enters the. County from the north, runs 
along the east side of the Salton Sea, and provides a direct route through 
Imperial'county to Mexico. Highway III by-passes all major towns in the 
Valley. Highways 86 and" 111 intersect immediately east of the small town 
of Heber. Highway 98 roughly parallels the International border and passes 
south of the proposed area of operations. This is a major east-west route 
across the County, serving as a southern compliment to Interstate 8 through 
Imperial Valley. Interstate 8 crosses the Valley about 16 km to the north 
of Highway 98 and is directly south of the proposed area of operations. 

Air transportation service to Imperial County is provided through the 
Imperial County Airport (Boley Field) located in the City of Imperial, 
about 32 km west of the proposed area of operations. Regularly scheduled 
passenger and freight service is available on a daily basis from this 
facility. Flights are made to San Diego, Los~geles, and.~~enix from 
which further connections may be obtained. The Calexico International 
Airport (CIA) is a general aviation facility located in the western section 
of the City of Calexico. Commercial flights are scheduled" from this air­
port to the Orange County Airport. However, the CIA is largely used by 
community and business persons. Airplane tie-downs for private aircraft 
exist at both facilities. 

Rail service to Imperial County is provided by Southern Pacific Railroad. 
The Southern Pacific Railroad runs north-south, traversing the Central 
Valley agriculture area and only provides freight service to and from the 
Imperial Valley. Two other rail services exist in the Imperial Valley. 
One is the Holton Inter-Urban which provides a regular service for produce 
between Holtville and El Centro, and the other is the San Diago-Arizona 
Eastern Rail Service from San Diego to Yuma which is currently out of 
service due to extensive damages caused by severe flooding. 

I 

Current access to the proposed area of operations is a gravel road which 
intersects the Evan Hewes Road approximately 14 km southeast of Holtville. 
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Socio-Economics 

The economic base of Imperial County is agricultural. Crops and agricul­
tural related industries constitute the primary source of income in the 
County. Gross receipts from agricultural production in 1976 totaled $520.7 
million, with a gain of 3.1% over the 1975 figures of $505.2 million. Field 
crops, primarily alfalfa, barley, cotton, sugar beets and wheat amounted to 
$265.8 million, slightly over one-half (51%) of the total gross receipts. 
Vegetable crops, mainly asparagus, cantaloupes, lettuce and tomatoes accounted 
for $121.8 million or 23.3~ of the gross receipts (Imperial County Office 
of the Agricultural Commissionaer, 1976). These figures represent gross 
receipts which include all costs of production and harvesting. Moreover, 
physical output may not be reflected in the gross receipts due to price 
fluctuations of the various crops. Agricultural production data for Imperial 
County is shown in Table 6. 

Population. Since 1970, population in Imperial County has been growing at 
a faster rate than in California. The estimated midyear 1976 population for 
Imperial County was 83,800 persons, compared with 74,500 persons in 1970. 
The increase of 9300 persons represents a gain of 12.5% or an annual compound 
growth of 2.0%. As a comparison, population in California increased from 
19,953,000 in 1970 to 21,570,000 in 1976, a growth of 7.9% or 1.2% on an 
annual basis. 

The largest population in the project area is the city of El Centro, which 
is 24 km from the proposed project. The 1975 estimated population of El 
Centro is 21,300 residents. The next largest city in Imperial County is 
Brawley, located about 19 km north-northwest of the proposed project site, 
with a 1975 estimated population of 14,010 residents. 

,-
Calexico, the third largest city in the County is located approximately 27 
km southwest of- the proposed area of operations and had a 1975 population 
of 12,829. Since 1970, population in Calexico has increased 20.7%, the 
fastest rate of the three maj?r cities. 

The city of Holtville, located about 11 km west of the proposed area of 
operations, had an estimated population of 3,580 in 1975. Smaller communi­
ties in Imperial County include Imperial, Heber, Westmorland, and Calipatria 
(Imperial County Planning Department, 1976). Population data for Imperial 
County and major cities is shown in Table 7 • 

According to the 1970 population characteristics for Imperial County, the 
racial composition of the population included 46.4% White, 46% Spanish­
American, 3.5% Black, 1.2% American Indian, and 2.9% other. The age group 
distribution in Imperial County during the 1970 census was 46.6%, 21 years 
or younger; 46%, 22 to 64 years old; and 7.4% were 65 years or older. The 
education level achieved by persons 25 years of age or older in Imperial 
County indicated that 43.1% of the population had graduated from high 
school and 7.3% were college graduates. Of persons aged 18 to 24, 55.3% 
were high school graduates and 28.4% of the total population had less than 
eight years of schooling (Imperial County Planning Department, 1973). 
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Table 6. The agricultural production from Imperial County from 
1971-197,6. 

Crop 1976 1975 1974 1973 1972 

Apiary $ 960 $ 1,047 $ 1,102 $ 1,478 $ 696 $ 

Field Crops 265,783 215,967 284,242 169,871 104,689 

Fruit &Nut Crops 3,380 2,896 1,964 2,235 2,063 

Livestock & Dairy 113,432 127,224 155,182 190;644 119,741 

Seed & Nursery Cr.ops 15,355 10,780 l1,{PO 6,440 2,999 

Vegetable Crops 121,806 142,288 102,763 119,102 93,174 

1971 

471 

109,404 

1,318 

107,687 

2,816 

80,089 

TOTAL $520,716 $500,202 $557,123 $487,770 ·$323,362 $301.785 

Note: Totals represent gron income including all costs of production end harvesting. 

Source: Imperial County, Office of the Agricultural Commiuioner, 1976-1971. 
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Table 7. The populat~on growth trends of Imperial County from 
1970 to 1975 

Percent 

1975 1970' Change 

County of Imperial 83,800· 74,492 12.5% 

EI Centro 21,300 19,272 10.5 

Brawley 13,940. 13,746 1.4 

Imperial '3,210 3,094 3.7 
.' . 

Calexico 12,829 10,625 20.7 

Holtville 3,580 3,496 2.4 

-1975 County Planning Department Estimate 

Sourc:e: Imperial County Planning Department 1976, 

, 

.. 
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Household size in Imperial County is above the average for California. 
Based on the 1970 census, the latest available information, the average 
household size in Imperial County was 3.52 persons. Household size in 
other cities include El Centro, 3.32; Brawley, 3.51; and Calexico, 4.19. 
In 1970, average household size in California was 2.95 persons (U.S. Dept. 
of Commerce, Bureau of the Census, 1970). 

Industry. Industrial development of the Imperial County is predominately 
related to'agricultural production. An example is the Holly Sugar Corpora­
tion whose processing plant is located in the Central Valley area. The time 
period of total operation of Holly Sugar is seasonal and related directly 
to sugar beet production: Other industries are nitrogen fertilizer pro­
duction, alfalfa dryers, feed mills, and cotton ginning. 

The introduction of geothermal energy development will be one of few 
industrial type commercial ventures which is not directly related to agri­
cultural production. The Plaster City Gypsum Mill is the largest non­
agricultural industry. A few small clothing assembly shops and light 
manufacturing units are scattered along the international border. 

Employment. Wage and salary employment in Imperial County is oriented toward 
agricultural production and services. Average employment in 1976 in Imperial 
County was 38,250 persons, a gain of 5.5% from the 1975 average of 36,250. 
Since 1972, wage and salary employment has been growing at a 5.7% annual rate. 
For the year 1976, employment in agricultural services and production averagec 
15,100 or 39.5% of the County's total employment. Agricultural employment 
has been growing at a 6.8% annual rate since 1972. 

Non-manufacturing employment, primarily Federal, State, and local govern­
ment and trade:employment, both wholesale and retail, accounted for 21,000 
employees or 59.2% of the 'total. Manufacturing employment accounted for 
2,050 employees or 5.3% of the total employment in Imperial County. 

Wage and salary employment data for Imperial County is shown in Table 8. 

The Imperial Valley is just north of the Mexican border and much of the farm 
labor market is derived from Mexican-American immigrants. Much agricultural 
trade takes place over this border and many Mexican-Americans have remained 
in Imperial County. The Bracero Program, which allowed Mexican citizens to 
work in the United States ended in 1965. Following that time, many Mexicans 
applied for and were granted permanent residence rights. There were 5,000 
to 10,000 residents of Mexico working in Imperial County in 1970. This 
number dropped to 7,000-8,000 in 1972 (Imperial County Planning Department, 
1973). 

, 
The effect of these agricultural workers is reflected in the civilian labor 
force data. Civilian labor force data are collected by place of residence 
while the wage and salary employment series reflect workers employed at 
jobs within the county·. Civilian labor force in 1976 averaged 37,300 
workers, a gain of 9.7% over the 1975 annual average of 34,000. As a 
comparison, the 1971-76 five-year compound growth rate for the County was 
6.2% (State of California, Employment Development Department, 1977). 
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Table 8. Wage and salary emploYment for Imperial County from 1971~1976. 

4 Year 
" % Compound 

1916 1975 1974 ·1973 1912 1971 Change Rate 

All Industries 38,250 36,250 36,650 33,850 30,700 24.6% 6.7% 

Total Agricultural 15,100 14,250 15,400 13,550 11,600 30.2 6,B 
N/A 

Agricultural Production 9,400 .9,450 8,750 8,200 7,600 23.7 . 5.4 

Agricultural Services 5,700 4,800 6,650 6,350 4,000 42.5 9.3 

· ... ~!··k, 
0 Total Non-Agricultural • 23,150 22,000 21,250 20,350 19,100 21.2 . 4.9 
en 

Manufacturing 2,050 2,000 2,100' . 1,750 1,600 N/A 28. t 6.4 rv 
Non- Manu facturing 21,100 20,000 19,150 18,600 17,500 20.6 4.8 

Note: Wage and Salary Employment Include. worker, residing ouuide the county. 

Source: Slale 01 Calilornl. 
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Employment averaged 31,000 workers during °1976, reflecting an increase of 
8.6% over 1975. This faster growth in the labor force caused the unemploy­
ment rate to increase from 14.1% in 1975 ~o 15.0% in 1976. Although there 
are variations from year to year, the unemployment rate in Imperial County 
normally is highest during the summer and early fall months of July, August, 
September and October and is at its lowest during the months of December, 
January, February and March. This pattern is primarily due to employment 
conditions related to the agricultural harvest season in the County. Weather 
conditions and the choice of crops in Imperial County normally necessitates 
harvesting during the early fall months. Civilian labor force, employment 
and unemployment data are shown in Table 9. 

Housing. According to the 1970 U.S. Census of housing, there were 23,401 
year round housing units in Imperial County. Most of these units (18,274) 
were singleO family units. Only 6% of the housing inventory lacked some of 
or all plumbing facilities. More than one half of the housing units o.f the 
County (12,164) were owner-occupied, (8,866) or 38% of the units were renter­
occupied, and 9% were for sale. 

Current housing availability throughout the Valley and in the project area 
, is described as very tight by most community officials. The total number 
of occupied housing units in the city of El Centro was about 7,175 in 1975 
(El Centro Chamber of Commerce, ° 1976) • It has been recognized by the County 
Planning Department and the County Department of Public Works that between 
the tourist'season and the harvest season, most of the temporary residences 
in the city are occupied for the majority of the year, except perhaps the 
two or three hottest months of the summer (Chase, 1977). 

Sale prices for existing homes ranged from $25,000 to $75,000 in 1975. 
Homes in the suburban areas of El Centro are slightly higher. While there 
is a general concurrence that there are few rental openings, available 
rentals ::or t'Ii'O and three bedroom homes range from $125 to $500 per month. 
Rentals i:or one and two bedroom apartments and duplexes are $90 to $300 per 
month (El Centro Chamber of Commerce, 1976). Temporary residence opportuni­
ties in the area of the proposed project are mostly in El Centro where there 
are twenty-three (23) 'motels and one hotel which cater to tourist trade in 
the winter months. These nightly and weekly lodgings provide a total of 
1,000 rooms in the general El Central area. It has been estimated, however, 
that the existing trailer courts in El Centro are full (Chase, 1977). 

The County special census in 1975 found the town of Holtville to have a 
total of 1,395 housing units with thirty-five (35) vacancies (Imperial County 
Planning Department). The Holtville area is also characterized by relatively 
high average person per household with 3.34 persons compared to a State 
average of 2.95 persons per household. The current need to expand sewer 
facilities has slowed proposed housing construction in Holtville. 

The Calexico Chamber of Commerce apparently characterizes their housing 
situation as a "critical shortage" with that city's housing market being 
saturated at this time. Calexico'S water department concurs with this 
estimation. Many persons employed in Calexico/Mexicali now live in E1 Centro 
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Table 9. 

1976 

1975 

1974 

1973 

1972 

1971 

. % Change 

5-Year Compo,:!nd 
Growth Rate 

The average annual civilian labor force employment and unemployment 
for Imperial County from 1971-1976. 

Labor Unemployment 

Forca Employment Unemployment Rate 

37,300 . 31,700 5,600 15.0% 

34,000 29,200 4,800 14.1 

32,950 29,050 3,900 11.8 
J 

30,900, 27,400 3,500 11.3 

29,800' 26,850 2,950 9.9 

'. 27,600 24,450 3,150 11.4 

35.1% 29.7% 

6.2% 5.3% 

-~' 

Note: Labor force and employment data include wage and salary employment, private household, 
self-employed and unpaid family workers by place of residence. 

Source: State of Californie 1977. 
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due to Calexico's limited housing availab~lity. This situation is expected 
to be somewhat alleviated in the near future if a proposed annexation of ' 
60 to 80 ha on the west side of Calexico, designated for housing develop­
ment, is approved by the city. 

The Chamber of Commerce for the city of Brawley, located about 19 km north­
west of the proposed area of operations, has evaluated their rental situa-
tion in that city to be "very tight". Although some new apartment developments 
are currently being constructed, housing prices in the area are generally 
inflated due to housing scarcity. 

Since mobile homes have been recognized as a viable housing alternative in 
Imperial County in the past, a brief discussion of their role in the County's 
housing inventory is warranted. A,draft report on mobile homes in Imperial 
County has been prepared by a mobile home ad-hoc committee and the County 
Planning Department (May, 1977) which provides a current assessment of the 
economic role and potential planning recommendations for individual mobile 
homes and mobile home parks in the County. Table 10 illustrates the rapid 
growth of mobile homes compared to conventional homes in unincorporated 
areas of the County by the number of building permits issued for each from 
1970 to 1976. The report notes that today's mobile home owner-occupants 
are financially solvent, representing retired, professional, and skilled 
workers of the community. 

The report also itemizes various tax benefits accrued to the city, County 
and School Districts depending on the homesite location. T~ comparisons 
illustrate that mobile home parks contribute 4% less over a ten year tax 
period than conventional home subdivisions, while individual-lot mobile 
homes contribute about 40% less over a ten year tax period than single-lot 
conventional homes. Several advantages of mobile home parks and individual 
homes are noted: which are particularly salient to the Imperial County 
situation. Mobile home parks may preserve more open space and agricultural 
land due to their higher density of persons per area. Inasmuch as the parks 
are considered private property, they often supply their own services and 
make few maintenance and service demands upon municipalities. Single mobile 
homes enable persons to obtain private homes which they could otherwise not 
afford and provide tax revenues on land which may otherwise remain vacant. 

Since the report's planning and zoning recommendations have not been approved 
by the Board of Supervisors, they are not cited in this report. However, 
the committee summary findings are valuable for the purpose of information. 
In short, mobile homes can offer variable, economic housing in Imperial 
County with mobile home parks becoming an integral part of the community and 
paying an amount approaching their fair share for the cost of government. 
Single-lot homes may offset a tax loss by providing the mobility which can 
allow full growth patterns and potential income for land owners who could 
not afford a conventional structure (Mobile Home Ad-Hoc Committee and 
County Planning Department, 1977). 
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Table 10.. The building permits issued by Imperial County for 
conventional homes and mobile homes in unincorporated 
areas for the years 1970 through 1976. 
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Public Services. Police and fire protection in the unincorporated areas. 
of Imperial County is provided by the County's Sheriff Department and Fire 
Department. Corresponding protection within the cities is provided by each 
municipality. The County and the cities ~perate on a mutual aid agreement 
for maximum community services. 

Emergency services fo~ the proposed area of operations would be provided 
by County fire services located in Holtville, and the Sheriff's facilities 
located in El Centro. 

The nearest health services to the proposed area of operations are centered 
in El Centro, which has the largest and most diversified population. There 
is a general hospital with 92 beds, and a convalescent hospital with 120 
beds. There;are 38 physicians/surgeons, 14 dentists, 2 optometrists, 4 
chiropractors, 1 podiatrist, and 1 orthodontist practicing in the El Centro 
area (El Centro Chamber of Commerce, 1976). 

Elementary and secondary education facilities serv~c~ng the proposed area 
of operations are located primarily in Holtville •. The Holtville school 
system operates two elementary schools, one-junior high school, one general 
high school and one continuation high school. School enrollment for ~~e 
Holtville Unified School District for kindergarten through twelfth grade 
is estimated to be 1,995 students for the· 1977-78 school year. Post­
secondary education in Imperial County is available at the Imperial Valley 
Community College, just west of El Centro (two-year program) and at San 
Diego State University, Imperial Valley Campus, in Calexico. 

Public Utilities. Electrical power in the proposed area of operations is 
supplied by the Imperial Irrigation District. The District supplies all 
the major population centers and the unincorporated areas of the County 
with electrical energy. Natural gas services are available in Imperial 
County from the Southern California Gas Company. Telephone services are 
supplied by the Pacific Tele~hone Company. 

Water would be supplied by the Imperial Irrigation District or from a water 
well located within the proposed area of operations. The water would be used 
in the cooling system as well as accessory systems. Potable water would be 
supplied by bottled water. Liquid waste would be handled by a septic tank 
leach field system; industrial would be transported to county-operated 
public dumps certified to handle such wastes. 

Revenue. Among the benefits anticipated to accrue to Imperial County as a 
result of geothermal development are increased employment, tax revenues 
and diversification of and secondary effects to the economy. Each installed 
megawatt of geothermal energy can create more ~~an three person-years of 
work, either directly or indirectly. Each megawatt of geothermal energy 
would result in $155 million in gross output both directly and indirectly, 
and would yield a tax revenue to the County of approximately $5,000. When 
4500 MW of geothermal power are installed in the County, about 5,000 
permanent jobs would be created in industrial activity and would account 
for 72% of the County tax base. The direct and indirect economic benefits 
of such a level of development would exceed $2 billion and ~~ere would be a 
reduction in unemployment of between 8.3% and 41.5%. 
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Public Revenue.. Retail and taxable sales' in Imperial County have been 
growing at a faster rate than in the State of California. Retail sales 
in Imperial County in 1976 totaled $263.1 million, an increase of 8.6% 
over the 1975 total of $242.3 million. Taxable sales increased from 
$313.9 million to $344.8 million, a 9.8% gain during this same time period. 
In the period 1971 to 1976, retail sales in the County increased at an 
annual rate of 16.2% while taxable sales have grown at a 16.5% compound 
rate. As a comparison, retail sales in California have increased at a 
12.8% annual rate and taxable sales at a 12.4% compound rate. By defini­
tion, retail sales include sales through retail outlets while use tax 
receipts are counted in taxable sales (California State Board of Equalization, 
1976). 

Per capita retail and taxable sales in Imperial County have also been 
increasing at a faster rate than for California. In 1976, per capita 
taxable sales in Imperia~ County were $4114, a gain of $381 or 10.2% over 
1975. The five-year compound growth rate for the period of 1971 to 1976 was 
14.0% in Imperial County. Comparable data for California indicate per 
capita taxable sales of $3477, almost unchanged from the 1975 average of 
$3480. (California State Board of Equalization, 1976). Retail and taxable 
sales data for Imperial County are shown in Table 11. 

Private Revenue. Personal income from all sources for residents of Imperial 
County increased at a 9.1% annual rate between 1970 and 1975. Wage and 
salary income accounted for slightly less than one-half (48.7%) of the 
County's total income in 1975. Through the five-year period, wage and 
salary income has accounted for approximately 45% to 47% of total personal 
income (U.S. Department of Commerce, Bureau of Economic Analysis, 1977). 
For California, wage and salary income has averaged approximately 65% of 
total personal" income during this same period (UCLA, 1976). 

The importance of agriculture to Imperial County can be seen from an analysis 
of personal income derived by farm proprietors. Although there has been some 
variation as a result of price fluctuations for the crops grown, total farm 
income in Imperial County has increased from $93.7 million to $172.6 million 
in 1975, an annual growth of 12.8%. During this period, farm proprietor 
income has averaged approximately 32% of total personal income in Imperial 
County (U.S. Department of Commerce, Bureau of Economic Analysis, 1977). 
California normally averages approximately 2.0% of total personal income 
from farm sources (California State Department of Finance, 1977). 

During the period 1970-75, per capita personal income in Imperial County 
was approximately 2.0% more than in Calfiornia in 1975; per capita personal 
income in Imperial County was $6825 compared to $6573 in California. Per 
capita personal income in Imperial County grew at a 9.1% annual rate while 
it increased at a 7.9% rate in California (U.S. Department of Commerce, 
Bureau of Economic Analysis, 1977). Personal income data for Imperial 
County is shown in Table 12. 
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Table 11. The retail and taxable sales for Imperial County from 1971 
t~rough 1976 ($000). 

No. of Retail . No. of Total Taxable 

Outlets Sales Outlets Sales 

1976 937 $263,137 2,141 $344,764 

1975 912 242,303 2,029 313,928 

1974 919 208,505 1,969 279,240 

1973 934 178,760 1,978 234,208 

1972 924 149,644 1,919 193,338 

1971 917 124,349 1,873 160,396 

% Change 
1976 - 1971 2.2% 111.7· 14.3 114.9 

5-Year 
Compound Rate 
1976 - 1971 0.4% 16.2 2.7 16.5 

Source: California State Board of Equaliziltion 1976. 
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Table 12. Personal income for Imperial County from 1970 thorugh 1975 ($ mil) 

5 year 
1975 1974 1973 1972 1971 1970 Percent Change Compound Rate 

rage & Salary $279.4 $2~7.3 $207.9 $180.3 $169.0 $160.8 73.8\ 11. 7\ 
Incomd . 

)ther Labor 11.3 9.7 7.8 6.8 5.9 5.2 117.3 16.0 
Income 

'roprietors 197.3 223.7 169.0 136.7 141.5 114.0 73.1 11.6 
Income 

~arm 177.6 200.9 147.3 117.0 121.9 93.7 84.2 12.8 

:on-Farm 24.7 22.8 21. 7 19.7 19.6 20.3 21.6 4.0 

)ividends 39.6 35.8 29.7 26.4 26.4 27.7 43.0 7.4 

~ransfer 69.0 56.7 47.5 43.5 40.2 35:5 94.3 14.2 
)ayments 

~otal Personal $573.7 553.3 445.0 379.8 369.2 330.3 73.7 11. 7 
[ncome (1) 

)dr Capita $6875 $6728 $5688 $4984 $4922 $4410 54.8 9.1 
[ncome (2) 

~ote : 1976 Data not available 

(1) Excludes contributions for social insurance & residence adjustment 

(2) AC.tual Amount 

Sourca; U. S. Department of Commerce Bureau of Economic Division, 1977 
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Growth Inducement 

Geothermal development will be growth inducing to the County. This induce­
ment will be expressed in terms of more people, income, construction and 
operation of the plants, and industry or any other activity which would 
be established in the County as the sole consequence of geothermal develop­
ment. 

The increase in population and jobs in the County will be welcome and should 
be a beneficial aspect of geothermal development. Of course, once the growth 
inducing impact of geothermal energy is felt, there will be the usual direct 
and indirect impacts which usually follow any new industrial development: 
additional population, congestion, demands for facilities, more taxes and a 
broader base demand for public amenities as well as the reduction of agri­
culture as the predominant economic support. 

Economic. The results of a National Science Foundation/Energy Research 
Development Administration study indicates that any large scale geothermal 
development effort (e.g., 2000-9000-MW hours of installed capacity) will 
have a moderate to strong positive economic impact. By the year 2020, the 
structure of the Imperial County economics should have changed considerably 
due to geothermal development with a major shift toward industrialization, 

I 

the majority of which would be attributed to the dire~t operation of geo-
thermal facilities themselves. However, conglomeration effects may increase 
the net benefit to the County, especially if non-electrical applications 
prove ~o be viable. 

The impact of resource exploration, well drilling, and power plant construc­
tion will be rather small. For three 200-~q installations totaling $375 
million in investment, only $3.1 million would be spent directly in the 
County with direct and indirect effects being less than $4.0 million. This 
is explained largely in terms of the specialization of geothermal equip­
mentand personnel • 

. 
Revenues to Imperial County from geothermal development can be expected to 
be around $5000 per megawatt per year. The revenues from the first 200 MVI 
will increase the present County property taxes by 4.4%. By the year 2020, 
geothermal facilities will represent approximately 36.9% of the total 
assessed value in the County and will be responsible for inducing another 
36.5% (again assuming 4500 MW are in line by the year 2020). The added 
revenues will increase the projected property tax share of the expenditures 
by 163%. The geothermal development should yield a considerable physical 
boom equal to 31.8 million dollars in potential surplus revenues (Martin 
S. Pasqualetti, PhD., University of California at Riverside). 

Social. To many people in industry, county government, and the general 
citizenry, the socio-economic impacts of geothermal development are the 
most interesting and the most critical in the evaluation of the advisability 
and viability of geothermal development. Such impacts are also perhaps the 
most difficult to develop, especially in the more meaningful long-term 
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role because of the gragarities of the people themselves, competitive 
and unforseeable influences in the market place and so on. 

A special effort has been made here to consider all phases and sources of 
income from geothermal development based on 1972 population of 76,300 in 
Imperial County. The population of the County is forecast to grow to 
134,000 without geothermal development by the year 2020. With geothermal 
development it should reach around 193,000 by the same year. This would 
represent an increase of 1.7 times the original population without geo­
thermal development and 2.52 times with it. The population figure just 
listed may be used to predict that employment in the year 2020 without 
geothermal development would be 48,000 and 62,000 with it, based on an 
assumption of 4,500 MW. 

Geothermal construction and oper.ation will likely require few workers. 
All workers will possess high skills levels and will largely be brought 
in from outside the County. A large portion of these will be the operative 
and management employed in the new power plants. However, additional 
skilled workers will be required in various geothermal support industries. 
At the present time, training for these positions is not available in the 
County. 

Currently, Imperial County is lightly inhabited but, if geothermal develop­
ment accelerates to its full potential, conflicts may arise between both 
the present population and any induced population. For example, if new 
population centers are established close to geothermal plants or near sites 
of likely ~urther geothermal plants, complaints could ensue that could be 
avoided if the plants and the people were at a greater distance from one 
another. 

Public opinion-'is overNhelmingly in favor of geothermal development in the 
County of Imperial but this could change. It is possible that public 
enthusiasm was high near The Geysers operation in northern California prior 
to large scale operations there but, for the past few years, public opinion 
has virtually halted the construction program there. The potential of such 
a change of opini~n in Imperial County also exists, although probably not 
for the same reasons. The main concern at The Geysers has been the odor 
of H2S' but Imperial Valley concentrations of H2S are substantially less 
than that at The Geysers and the amient odor levels are higher. The main 
concerns expressed by the general public in Imperial Valley are for water 
conservation and agricultural land protection. 

Visual Resources 

The scenic-visual inventory of the proposed power plant project was con­
ducted by Atlantis Scientific (1978) in accordance with the Bureau of 
Land Management's Visual Resource Management Methodology as outlined in 
BLM ~~nuals 6300, 6310, 6320. The inventory combines existing scenic 
quality with visual sensitivity to determine management objective classes 
which determine the extent of visual change (contrast) allowed to the 
landscape. Appendix K of-EA #78 is a summarization of this visual evalua­
tion system. 
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Due to the large number of existing visual intrusions in the area, combined 
with a lack of notable intrinsic landscape features, the area received a 
low scenic quality rating. However, due to the visibility of this area 
from Interstate 8, and the Holtville Outlying Field which receives seasonal 
intense recreational use, the visual sensitivity was rated high. This 
combination results in a management rating of Class III which requires 
that changes in the landscape must remain subordinate to the "character" 
of the existing landscape • 

. ' .-
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VI. IMPACT EVALUATION &~D MITIGATING MEASURES 

Geologic Hazards 

Seismicity poses the major geologic hazard associated with the proposed 
project, with associated ground shaking and ground rupture the phenomena 
of most concern. 

As the result of natural seismicity, ground motion, at about 0.4 g may be 
reasonably expected in the vicinity of East Mesa within the lifetime of the 
proposed power plant project. Duration of ground shaking, based on mathe­
matical calculations developed by Bolt (1973), for accelerations greater 
than or equal to 0.05 g and at frequencies greater than or equal to 2 Hz, 
may range from nine to 24 seconds. It should be noted, however, that although 
these estimates of duration are based on curves which include a high per­
centage of available data, longer durations are possible and could occur. 
The primary concern from the effects of ground shaking would be that of 
structural integrity of the power block and attendant surface facilities. 

Liquefaction and the resulting differential settlement in areas of saturated, 
poorly consolidated sediments may also induce damage to surface facilities. 
The extent and effect of potential liquefaction and settlement are unk!l0wn 
at this time. 

Ground rupture could inflict damage to surface facilities. However, damage 
due to ground rupture seems remote at the present time. No surface dis­
placement is known at East Mesa and faulting there is merely inferred. If, 
however, rupture should occur, the extent of damage would depend primarily 
on the extent of the ground surface rupture. Facility damage, in terms of 
severed or distorted power plant components, would be evident at the surface 
and possibly within a meter of the surface. 

Seismicity induced by geothermal withdrawal and injection activities is a 
potential hazard undergoing study and research. An induced seismicity 
study was conducted at the East Mesa KGRA from November 9, 1974 to December 31, 
1975 (Combs, 1976). This induced seismicity study concluded that seismi-
city of the East Mesa area consists primarily of discrete events and swarms. 
This study also concluded that the seismicity before, during, and after 
injection and withdrawal of geothermal fluids at the East Mesa field did 
not change significantly (Combs, 1976). 

Based on Comb's study, induced seismicity does not appear to be a potential 
hazard at East Mesa. However, if active faults occur in the proposed area 
of operations, the possibility exists that a proposed injection well could 
directly penetrate such a fault. Injection of geothermal effluent directly 
into the fault plane could increase the likelihood of induced seismicity 
considerably. 

Another impact that may pose a hazard is the potential for shallow ground­
water contamination as a result of injection activities. There is a 600 rn 
thick clay aquiclude overlying the geothermal reservoir which isolates the 



reservoir from the shallow groundwater zones. Contamination of these 
shallow water zones could occur as a result of injection activities by two 
possible means: 1) through vertical fractures or faults traversing the 
aquiclud~, and 2) through sufficiently high buildup of pressures to force 
water upward through the aquiclude. 

Examination of geophysical well logs indicates a series of normal growth 
faults that traverse the deltaic sediments of the geothermal reservoir 
(see Exhibit C of the Plan of Injection, Appendix A-3). These faults do 
not appear to disappear into the overlying aquiclude. 

Further, three lateral strike-slip faults have been inferred from geophysical 
work to pass near the proposed area of operations; the Holtville fault, the 
the Mesa fault, and Calipatria fault. There is no conclusive evidence 
available to indicate whether any of these three-faults penetrate the aqui­
clude. 

Injection of geothermal brines into the subsurface could build up sufficiently 
to force the geothermal effluent upward into the shallow groundwater aquifers. 
Such pressure buildup could result if: 1) the permeability of the reservoir 
is lower than expected and is not sufficient to handle the projected high 
volume injected fluids; or 2) the injection zone is confined. 

There is a possibility that the inferred lateral faults traversing the area 
may act as barriers to groundwater movement. Likewise, this could increase 
reservoir pressures with the creation of a possible confined aquifer 
situation. 

Available evidence does.not permit a definite determination of whether 
injection activities would result in an upwelling of geothermal fluids and 
resultant cont~ination of shallow groundwater aquifers. Several para­
meters could exist to increase the potential for the hazard; however, the 
specific conditions cannot be known wi~~out long-term monitoring of injec­
tion activities. 

Mitigation measures to reduce potenti.aJ:-impacts associated with seismic 
activity include both site engineering (civil/soils, geological/earthquake, 
design) and continued site monitoring. 

All proposed construction and site preparation activities should be developed 
on the basis of site data, both surface and subsurface, developed by profession­
ally registered engineers and geologists. This information should include 
recommendations and conclusions regarding the nature, strength, and adequacy 
of site materials and any design measures to compensate and correct for 
inagequate site materials. Measures should be taken to identify the poten-
tial for and provide correction measures to eliminate or reduce any impacts 
associated with liquifaction and differential site subsidence. Seismic 
design criteria should also be included in all plans for construction of the 
power block and attendant facilities. No power plant facilities should be 
located directly above or across the trace of any active or potentially 
active fault. All state ~nd local building and construction codes, such as 
the Uniform Building Code (1976), should be followed. All of these de-sign 
plans would have to be reviewed and approved by the Supervisor. 
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Continued monitoring of seismic activity via seismograph networks established 
by the U.S. Geological Survey, the Bureau of Reclamation, and the California 
Institute of Technology may be able to detect induced seismic activity 
that may result from the proposed injection program. If induced seismi-
city is determined to exist and represents a significant hazard, the 

~ Supervisor may require remedial actions including, but nbt'limited to, 
reduced production rates, and suspension of production (Sec. 8, GRO Order 4) . 
A change in injection pressures could signify that geothermal fluids being 
injected into the subsurface are leaking into the shallow groundwater. The 
monitoring of the injection pressures is required of the operator. Should 
the Supervisor believe that the geothermal fluids are entering and contami­
nating the shallow groundwater, the Supervisor could order RGI to closely 
examine the situation through such means as groundwater sampling. Under 
no circumstances would contamination of the shallow ground water be permitted. 

Soils 

RGI's proposed 10-MW power plant and associated field development would 
result in 14 to 16 ha of surface disturbance. 

Because there would be no vegetation to hold the soils in place and the 
soils exhibit little cohesion, the proposed surface disturbance would 
result in an erosion hazard and soil destruction. Although rare, thunder­
storms possessing large quantities of water have occurred at East Mesa 
and are capable of causing erosion, particularly if, the soils are disturbed. 
Winds are also capable of eroding the soils at East Mesa. According to the 
Soil Conservation Service at El Centro, where bare and dry, the wind 
erosio~ potential of the soils that would be disturbed is slight or moderate 
(see Soils Descriptions, Appendix D). The wind erosion potential of soils 
after disturbance is probably much greated. Wind erosion of these soils 
results in an ,abrasive hazard to young plants. 

The ecosystem at East Mesa is very delicate and the system can ill a£ford 
to lose the life supporting properties of the soils. Wholesale disturb~~ce 
of soils should not be permitted. Soil disturbance should be limited to 
those areas that are absolutely necessary for placement and construction 
of geothermai facilities. In order to stabilize the soils, disturbed areas 
should be revegetated as soon as the area is no longer needed for operations. 
Areas needed for continuing operations (e.g. roads) should be watered 
frequently and perhaps gravelled, or paved. 

Although the soils that would be disturbed by the proposal are valuable 
for agriculture, the current primary land use for the proposed area of 
operations is geothermal energy exploration and development. The commit­
ment of these soils to geothermal activities is not necessarily irreversible. 
Proper care of the soils during geothermal operations and proper restoration 
efforts could restore the agricultural potential of the area. 

The site stability study investigation done by Woodward-Clyde Consultants 
concluded that the three proposed power plants A, B, and Care sutiable. 
However, the soils would need to be compacted. If the ,near surface loose 
sands are compacted to a relative density of at least 90 percent by ASTM 
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method D-1557, the ground beneath the proposed power plant would not settle 
more than 1.25 em. A more detailed foundation investigation would be 
necessary to provide specific recornrnendatiQns. For'a more detailed discussion 
on the site site stability study, see Exhibit C of the Plan of Utilization 
located in Appendix A-I. 

Hydrology 

There would be a net loss of about 90 m3 per/hr of water from the hydrologic 
cycle due to evaporation from the cooling tower. This amount represents 
4.4% of the total amount of fluid circulating through the power plant, or 
2.6% of the combined average municipal water consumption of Brawley, 
Calexico, Calpatria, El Centro, Heber, Holtville, Niland, and Seeley. There 
are no mitigating measures for this water loss. 

There is a possibility of'degredation of the shallow ground water of better 
quality of geothermal fluids due to casing leakage or surface pipe rupture. 
However, protective measures against such occurrances are respectively 
specified in GRO Order 2 and GRO Order 6. The AGS is responsible for and 
assures that the operation complies with these GRO Orders. 

Usable water is at a premium in Imperial Valley. RGI estimates that the 
power plant would produce more condensed steam than would be evaporated in 
the cooling tower. Hence, the proposed 10-MW power plant would be expected 
to produce a surplus of high quality water, estimated to be about 20,500 kg 
(0.174 hm3) per year. Special Lease Stipulation No. 10 gives the Bureau 
of Reclamation the option to procure such excess water. 

This excess of high quality water could be used to augment water supplies 
in the East Mesa area. This excess water could be used either directly or 
mixed with the local water supply to reduce the TOS of the local water used 
for agriculture. Ttie agriculture lands near the proposed power plant would 
be prime candidates for receiving this excess water. Life sustaining use 
of this excess water may, however, either preclude the addition of corrosive 
and algae inhibitors to the water' or require treatment if the inhibitors 
cause the water to become toxic. 

Excess water produced by geothermal operations at East Mesa could also be 
used to augment make-up water required by other geothermal operations in the 
area. Magma Power Co. will operate a 10-MW (net) R&D power plant just a 
few kilometers south of RGI's proposed area of operations. This power 
plant requires large quantities of make-up water, and therefore, would also 
be a prime candidate for excess water produced in the area, especially if 
corrosion inhibitors preclude the water's use for anything else. 

Unfortunately, the amount of excess water to be produced by the proposed 
10-MW power plant would be too small to be of any consequence. Even the 
proposed expansion of the proposed lO-MW power plant to a 48-~q (net) 
power plant would only be expected to produce twice that which would be 
produced by the 10-MW power plant. However, serious consideration should 
be given to designing power plants at East Mesa that can at leas~ be self 
sustaining with respect to water. Should the East Mesa and other KGRAs 
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of the Imperial Valley be geothermally developed to their anticipated 
potential, the total excess water may prove to be a substantial amount. 

Climate 

Impacts should be limited to the microclimate of the area adjacent to ~,e 
proposed power plant site. 

The relative humidity of the region is largely determined by the evapora­
tion of irrigation water. The humidity will also be influenced locally 
by the cooling ponds of Magma Power Co.'s lO-MW power plant located a few 
kilometers south of RGI's proposed area of operations. The addition of 
the proportionally large amount of water vapor released from the cooling 
towers to the atmosphere could cause a significant increase in humidity, 
especially to those areas that are down wind. This increased atmospheric 
moisture would also increase insulatiqn at night, decreasing the radiational 
cooling at night. This insulation affect would cause a moderation of 
diurnal air temperature, especially when wind speed is low and stable 
meteorological conditions exist. Of these two impacts, the moderation of 
air temperature would probably be minor, while the amount of increased 
humidity could be significant. 

Air Quality 

Local air quality could be impaired by: 
1) Construction 

a) Temporary increase in suspended particulates due to earth moving 
operations and traffic to and from the proposed site. 

b) Increased hydrocarbons, NOx ' CO, and other pollutants associated 
with exhaust emissions from cars, trucks, and other equipment. 

2} Normal operation of the proposed facility 

Noise 

a} Localized increase in humidity due to water evaporation at the cool­
ing tower. 

b) Drift of cooling. tower water. 

c) Salt or chemicals in water droplets from the cooling tower. 

d} Release to the atmosphere of non-condensible gases as discussed i.1 
the Air Quality Section of Chapter V. 

Noise of the equipment during the construction phase is not expected to 
create an adverse impact. 

The primary noise source at the power plant during operations would be 
from the turbines and the cooling towers. In accordance with GRO Order 4, 
Section 11 C, noise from the plant must not be more than 65 dB(A) at the 
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lease boundary, or 0.8 km from the source, whichever is greater. The 
lessee is required (GRO Order 4, Sec. 11.B, D) to monitor noise levels as 
deemed necessary by the Supervisor. 

Biology 

wildlife and Vegetation 

The most severe impact on wildlife that would result from implementation 
of RGI's proposed geothermal project would be the loss of vegetation and 
hence, wildlife habitat. Destruction of cover is particularly important 
to those species which rely upon it for protection against inclement weather 
and preda,tors. Vegetation provides sites for roosting, nesting, and song 
posts. In addition, root systems of shrubs may be important in providing 
support for burrows for such species as the kangaroo rats. 

, . 
Road construction has a far greater effect on the biology of the desert 
than the mere elimination of a certain portion of the native flora and 
fauna from a specific roadway. New roads provide avenues for the invasion 
of exotic species and can cause changes in the health and vigor of resident 
native plants (Johnson and others, 1975). Road building also increases 
the chance that previously inaccessible areas will be made available to 
ORV recreationists. Roads can result in reduction in vegetation during 
short, intense storms because water run-off along the roadways will be 
rapid, and may cause erosion. An inc~ease in erosion could destroy 
vegetation and result in a modification in the drainage pattern, thus, 
resulting in a reduction in the amount of water available for some plants 
and wildlife. Therefore, road construction can indirectly affect the 
total productivity, species composition and density, as well as diversity 
of the habitat. This makes less suitable habitat available for wildlife. 
Careful construction techniques can reduce ~~e size of the area affected. 

" -
In many situations, it is not possible to mitigate the destruction of 
vegetation during the period of the lease term. No mitigation is possible 
for the alternation of the land or the occupation of the land by roads, 
buildings, and geothermal wells. Cleared areas should be revegetated as 
soon as feasible, using native plant species. According to RGI, the cleared 
areas around pipelines which would not be required after construction and 
installation would be allowed to revegetate naturally. This proposal should 
not be permitted. Turn around areas and temporary parking sites should be 
established early in the development process and used consistantly to reduce 
the impact to wildlife habitat. Implementation of careful construction 
techniques can also reduce disturbance to vegetation. 

Pipeline construction is also a major disturbance of soil and plant cover 
due to trenching, piling, and refilling operations. The effect on plant 
cover is one of nearly complete destruction along the construction right-of­
way (Vasek and others, 1975a), and although revegetation does occur, the time 
o~er which revegetation occurs is very unpredictable. 
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RGI proposes to stack excess soil. This soil would prove useful in 
reclaiming areas. Compacted soils should be scarified to break up the 
soil and promote revegetation. Under no circumstances should the soil be 
turned over when scarifying. 

RGI proposes to elevate the pipeline except at road crossings where the 
pipeline would be buried. However, RGI does _not indicate how high the pipe­
lines would be elevated over their entire route. Pipelines should be 
elevated a minimum of 0.3 m above the ground to allow for mobility of small 
animals and prevent interference with natural drainage. 

Power line construction involves permanent devegetation on access roadways, 
temporary destruction of vegetation under the power line poles, and temporary 
disturbance of vegetation between power line poles by trampling (Vasek and 
others, 1975b). Except for the continued use of access roads for maintenance, 
disturbance ceases after construction is complete. Vasek and others (197.5b) 
found a variable, but fairly regular, road edge enhancement of vegetation 
along access roads and a slight enhancement of vegetation between power 
pylons. They also found a drastic disturbance immediately under the pylons 

. for which vegetation recovered significantly, but not completely, after 
about 33 years. Special Lease Stipulation 5 prohibits wholesale clearing 
of vegetation for power lines by limiting the clearing of ground cover to 
the power line poles. And a special access road would not have to be 
built to maintain the power line. The access road used to maintain the 
power line would be the road used for access to the proposed geothermal 
facilities. 

Power lines should be large enough to accommodate power from possible future 
plants as well as from.the proposed plant. This would eliminate the need 
for construction of more power lines in the future and the resultant sur­
face soil disturbance. 

Rehabilitation and restoration of the vegetation after completion of the 
project would be difficult. The majority of desert shrubs are extremely 
slow in recovering from disturbance. Creosote, the slowest growing species, 
may require centuries to reach the size of nearby shrubs (Vasek and others, 
1975a). In areas where the topsoil is gone, revegetation may be possible. 
Sterilization of soil by chemicals such as gas, oil, and geothermal wastes 
will prevent regrowth. 

Mud sumps and other waste disposal sites, because of residual contaminants 
may not support revegetation. This means a permanent reduction in availa­
bility of habitat for wildlife and a decline in the number of animals the 
habitat can support. RGI's proposal to dispose of waste materials and 
drill muds at an approved dump would mitigate this impact. 

The diversity and species composition of the wildlife community may also 
be modified by vegetation loss. This is an impact of major importance 
since the character and quantity of the plant community is vitally important 
in determining which wildlife species occupy the area, how many of each 
species the habitat can support, and the diversity of the fauna. The 
character of the community' will be altered in an abandoned geothermal area 

080 



for a long time. It will support fewer animals and have a reduced diver­
sity than it did prior to development. This would decrease the stability 
of the environment. Without sufficient suitable habitat some animals will 
leave the area, and others will die. Loss of habitat is the most signifi­
cant impact of development on wildlife. In order to help combat this wild­
life habitat loss, RGI proposes to stack removed vegetation and soil at 
reasonable distances from the roads and drill sites to. provide wildlife 
habitat. 

Off-road vehicles could kill wildlife, thus reducing population densities. 
Rodent_burrows and ground-nesting birds would be destroyed by ORV activity 
(Lukenbach, 1975). 

The impacts of ORV use on desert vegetation have been discussed and docu­
mented by Gibson (1973), Keefe and Berry (1973), Davidson and Fox (1974), 
Lukenbach (1975), and Stebbins (1974a, 1974b). Their studies show that 
ORV use: (1) reduces shrub density; (2) reduces the canopy cover of 
individual shrubs; (3) reduces the diversity of shrub speci-es by selectively 
impacting the smaller, more fragile species; (4) reduces the'diversity of 
both annual and perennial herbaceous species; (5) reduces the numbers of 
annual wildflowers that will germinate and flower in following years, and 
(6) increases the density of weedy species. 

ORV use also has indirect impacts on vegetation by impairing plant growth 
as a result of increased dust, degradation of soil biota and soil compac­
tion. Soil compaction is by far the most serious and long-lasting of 
these secondary impacts. Compaction can reduce or eliminate plant growth 
due to destruction of seedbeds, prevention of water and root penetration 
into the soil, and reduction of shoot emergency from soil. The greater 
degree of compaction, the longer the period required for habitat recovery. 

Because of the foregoing effect on vegetation, ORV use would modify the 
amount and kind of vegetation available to wildlife for foraging, nesting, 
cover, and other activities. Hence, a decline in both wildlife populations 
and diversity would be expected. 

RGI's proposal to prohibit off-road vehicle use except where absolutely 
necessary should mitigate this ORV problem. If any animal species inhabit­
ing this area should, at a later date, be included on the Federal Endangered/ 
Threatened Species List, the Supervisor may have to impose greater curtailment 
of ORV activity. 

Should soils be sterilized via an accidental spill of geothermal fluids or 
petroleum products, such sterilization could affect vegetation growth, plant 
species composition, and plant densities which in turn would modify and 
affect wildlife populations. 

adversel:i 
soil 

Blow-outs from geothermal wells would discharge effluents that could 
affect the air, surface, and ground water. Blow-outs can accelerate 
erosion, disturb soil, and modify the nutrient cycling systems. The 
mineral content in the discharged water can increase salt and toxin levels 
in the environment. This, in turn, would alter wildlife habitats. The 
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intensity of this impact would be dependent upon the type, amount, and 
concentration of the toxins and/or salts. However, Sec. 2 of GRO Order 2 
requires the operator to install a blowout preventer on geothermal wells. 
Blowout preventers are successful in all but extreme cases. 

Boron is contained in the geothermal fluids produced at RGI' s leasehold-. 
Boron is very toxic to plants, collects in the soil, and sterilizes the 
soil for an unknown length of time. Excessive amounts of boron can destroy 
wildlife habitat and preclude revegetation efforts. In order to maintain 
dust control, RGI proposes to use geothermal fluids to water cleared areas. 
Geothermal fluids used to water the roads should not contain more than 
4 mg/!J.. of boron. 

Acid washings from "scaled" machinery during maintenance activities could 
discharge salts and toxins into the environment. The impact of these toxins 
will depend upon the type of toxin, amount discharged, concentration, degree 
of toxicity to wildlife and plants, time of year of release (more detri­
mental in breeding season), and distance from the release point to the 
given habitat. Such chemicals could have severe and long-lasting impacts. 

At present, little information is available on the effects of noise on 
wildlife. Noise can have unfavorable effects on birds and mammals near 
power plant sites or well heads (Romney, 1976). Noise can damage reptilian 
auditory systems and can cause damage at levels as low as 60 dB (Miller, 
as cited in Stebbins, 1974a). High-intensity noise will adversely affect 
the dese~t iguana, and other species as well, since it limits their sense 
of hearing (Bondello, 1976). Such a reduction in hearing ability may 
negatively influence a lizard's proficiency in escaping predation. 
Reproductive behavior and success, particularly for birds, may also be 
influenced by noise. The greatest impact of noise to wildlife would occur 
during the spring/early summer when reproduction is underway. 

Wildlife would be subjected to impacts from noise during development and 
construction. Noise would be produced from off-road vehicles, machinery, 
and people. 

In accordance with GRO Order No.4, Sec. 11 C, noise emissions must be 
attenuated to a maximum of 65 db(A) as measured at the lease boundary or 
0.8 km from the source, whichever is greater. This noise provision should 
prove satisfactory with respect to wildlife; however, additional noise 
reduction could prove necessary. Noise should be kept to a minimum during 
the breeding season (mid-February through May). When possible, construc­
tion and drilling activities should be done at other times of the year then 
the breeding season. 

Special Lease Stipulation 6 requires that all power and transmission lines 
be designed to minimize loss of rap tors and other large birds by electro­
cution. Pole designs for transmission lines and arrangements of wire should 
follow the suggestions as outlined in either the Rural Electrification 
Bulletin 1975 of suggested practices of reducing raptor losses from power 
lines, or the suggestions of the Raptor Research Foundation (1975). This 
would mitigate losses of raptors and other birds from electrocution. No 
mitigation from collision losses is possible. 

I; 
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Wildlife deaths resulting from actual construction activities would probably 
occur. Animals could be run over by machinery. Burrows could be destroyed, 
killing their inhabitants. Losses cannot be entirely mitigated; however, 
the time of year in which development occurs can lessen the impact. Spring 

'and early summer are the most critical periods of the year since most repro­
duction takes place then. All forms of human activity should be minimal 
during this time. When possible, construction and drilling should not be 
conducted during the breeding season (mid-February through May) . 

Endangered/Threatened Species. Mitigating measures for the flat-tailed 
horned lizard, bobcat, Andrews' dunes scarab beetle (all under status 
review to determine if they should be included in the Federal Endangered/ 
Threatened Species List), include those for protection of vegetation, soils, 
and air quality. Mitigating measures concerned with ORV's and vegetation 
loss (as previously discussed) are particularly important for these species. 
Even with these measures, effects of geothermal development on ~~e flat­
tailed horned lizard would probably be substantial and cannot be fully 
mitigated. Additional mitigating measures may be recommended at a later 
date, if the measures are found necessary in order to protect the horned 
lizard. 

Geothermal development would impact the horned lizard by reducing the amount 
of available habitat and decreasing plant density. Noise from the plant 
and attendant facilities may affect the lizard by interfering with predator 
detection, or may result in lizards leaving the vicinity. 'Degree of 
tolerance to noise has not been determined. Vehicles (on-road and off-road) 
may run over and destroy lizards, thus, reducing their population density. 

Should the flat-tailed horned lizard be listed as a threatened species, the 
possibility exists that the East Mesa area would be considered critical 
habitat. And, ~n light of the recent U.S. Supreme Court Teleco Dam Decision, 
there is a good possibility that further development of any sort would not 
be permitted in such a critical habitat area. 

Sensitive Plant Species. Impacts to sensitive plant species have been rated 
as follows (USDI, Bureau of Land Management, 1977): 1) a high impact is a 
severe threat to the viability of a species or population, with high proba­
bility that said species would be nearly or completely extirpated from the 
impacted area: 2) a moderate impact is a substantial and essentially permanent 
reduction in the abundance of a species, but not posing a serious threat to 
the survival of the population or species; and 3) a low impact is a minor 
alteration of the structure of a species' population, but without substantial 
impairment of viability. 

Desert buckwheat (Eriogonurn deserticola), listed as rare and endangered by 
the California Native Plant Society (Powell, 1974), is present in great numbers 
on RGI's East Mesa leasehold (see Appendix F). Because Eriogonurn deserticola 
is more widespread than originally thought, and its population appears to be 
at least stable, if not increasing, the Bureau of Land Management has requested 
CNPS to review the status of Eriogonurn deserticola and possibly change its 
status to that of limited distribution. Eriogonurn deserticola is expec,ted to 
receive low impacts because it is abundant in the lease area, and since 
Erigonum deserticola is a resident of the partially stabilized dunes, it is 
adapted to temporary disturbances. 



Cultural Resources 

The three sites (4-Imp-2936, 2937'f 2939) rema~n~ng within the project area 
would not be directly impacted by RGI·s proposed geothermal activities. 
However, indirect impacts on each of the three sites could occur as a result 
of these developments. The construction of access roads is likely to increase 
visitor use of the area and encourage ORV activity. An attendant increase 
in the amount of general surface disturbance and artifact collecting within 
RGI's leasehold could be expected. An ORV road has already bisected site 
4-Imp-2936, and further deterioration of this and the other sites would be 
inevitable. 

The significance, or value, of these cultural resources lies in the informa­
tion they can provide about human behavior. Much of this information is 
derived from an examination of the spatial patterning of cultural materials 
on the groUnd. Disturbance of these materials, through artifact collecting, 
vandalism, or ORV activity would result in irrevocable information loss. 
Overall impact level from these disturbances would be expected to be high 
for site 4-Imp-2936 since it is already bisected by a road. Sites 4-Imp-
2937 and 2939 are less accessible, but overall impact on them would be 
expected to be moderate-high, depending upon the amount of increased use 
this area receives. 

Since these sites appear to be eligible for the National Register, a detailed 
mitigation plan will be devised in consultation with the State Historic 
Preservation Officer and in accordance with the guidelines of the Advisory 
Council ?n Historic Preservation. However, a policy of the Bu~ is to 
consider all cultural resources to be important, regardless of whether 
they qualify for the National' Register, and that potential impacts on them, 
either direct or indirect, should be mitigated. 

In the case of sites 4-Imp~2936, 2937, and 2939, data retrieval is considered 
the only viable mitigation measure. Fencing would attract vandals and 
artifact collectors to these sites, and adequate monitoring is not feasible. 
Even if some a7cess roads are blocked, increased surface disturbance within 
the project area would be expected to occur from people attracted to or 
involved with construction activities. 

Therefore, all cultural materials in 4-Imp-2936, 2937, and 2939 shall be 
mapped, recorded, collected, and analyzed. The data recovery program shall 
be carried out by a qualified professional archeologist acceptable to BLH, 
in a manner approved by BL~. The materials collected shall be analyzed from 
a problem-oriented standpoint to contribute toward an understanding of the 
prehistory'of the East Mesa area, particularly as it relates to Lake Cahuilla. 
Collection and anlysis shall result in bhe timely completion of a compre­
hensive written report that is suitable for publication and made available 
to the archeological community. All cultural materials collected shall 
be curated in an accredited public museum and remain available for future 
study. This collected material will remain the property of the Federal 
government. 
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For more specific information on recommended mitigation! refer to the 
"Cultural Resources Report for Republic Geothermal'~located at the BL~ 
District Office at Riverside, California or the AGS office at Menlo Park, 
California. 

Land Use and Socio-Economics 

Consideration of current County Ordinances, in concert with general restric­
tions placed upon land use by the Ultimate Land Use Plan! tend to restrict 
geothermal development within the Imperial County. The Ultimate Land Use 
Plan for the County of Imperial designates the proposed area of operations 
as recreational use. The proposed area of operations lies adjacent to 
irrigated agricultural lands to the east of the East Highline Canal but 
does not present an impact on agri~ultural production. 

The impact resulting from geothermal development of East Mesa upon Imperial 
Valley's land use are minimal due to the recent adoption of the Geothermal 
Element. The Geothermal Element has recognized the East Mesa area as a 
KGRA and with this identification comes the impacts associated with geo­
thermal development. 

The BLM and its administration of public lands is directed to maximize the 
use of same. In many cases, the concept of dual use areas has been used 
by ELM to maximize the use of public lands. Recently, the East Mesa area 
has been considered for the dual use area associating geothermal and 
recreational activities in generally the same area. 

The impact on the land from geothermal development at East Mesa is currently 
minimal due to a demonstration nature of the projects. The initial develop­
ment of RGI's proposed project, as well as others, would have little effect 
on land use in.the County; however, if geothermal production proves to be 
feasible and full field development becomes imminent, the effects of full 
field development on land uses in the County will increase accordingly. 
Consideration should be given to the concept of mutual use of the East Mesa 
area. Design concepts should be considered in the development of geothermal 
energy in East Mesa which would allow recreational use of the land as well 
as geothermal development. 

The County of Imperial has a set of regulations~pplicable to initial geo­
thermal development entitled "Terms, Conditions, Standards and Application 
Procedures for Initial Geothermal Development, in Imperial County". These 
regulations specify acceptable planning, engineering and operative proce­
dures which must be met for geothermal exploration in Imperial County, 
including specific environmental concerns. However, the effects of total 
field development will be much larger and measureable. 

The impact on the East Mesa geothermal development upon Imperial Valley's 
socia-economics can be measured through the increase in population, creation 
of new jobs and the equivalent increase in skill levels necessary to fill 
those jobs. Of course, once these primary impacts are affected, there will 
be the usual secondary indirect impacts which usually follow any increase 
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in industrial development; additional population, congestion, demands for 
facilities as well as more taxes and a broader base demand for public 
services. 

The construction and operation employment created by RGl1s proposed project 
would likely create few new jobs for the Imperial Valley unemployed. Workers 
who possess high skill levels, technically oriented toward geothermal develop­
ment, would largely be brought in from the outside. However, additionally 
skilled workers would be required in various geothermal support industries. 
At the present time, training for the various geothermally related jobs is 
not available in the County. 

Currently, Imperial County is lightly inhaaited and any additional popula­
tion will require the further development of agricultural lands, thus, 
removing said agriculture from agricultural production. Also, potentials 
for conflicts to arise between the present population and any geothermally 
induced population is present. 

A considerable economic boom will be felt by the County of Imperial through 
the period of total field development of the East Mesa KGRA as well as other 
KGRAs in the Imperial Valley. Revenues to the County of Imperial from geo­
thermal development can be expected to be around $5,000 per megawatt per 
year. The initial development of RGI's proposed project would have an 
effect upon the revenue to the County. If geothermal production proves to 
be feasible and full field development becomes imminent at East Mesa, the 
development of same would greatly impact the County of Imperial. 

Most of the impacts of geothermal development on the socio-economic character 
of Imperial County appears to be favorable. The four factors which should 
be discussed in .. terms of mitigation measures are: Economic stability, 
skill levels of local labor market, population distribution, and public 
opinion. 

The RGI proposed 10-MW geothermal development would have little effect on 
the economy of the County of Imperial. However, as geothermal development 
accelerates and eventually assumes a greater importance in the economic 
structure of the County, there will be a tendancy toward greater reliance 
on this segment of the economy for jobs, income, and so forth. 

A recognition of t..;'e potential for a "boom and bust" situation should be 
recognized. As development expands and more accurate information is required 
of the resources of the East Mesa area and the corresponding economic 
responses to it, increasing attention should be given to the possible disipa­
tion and eventual disappearance of the geothermal resource. 

Because the skill level Of the County labor market is generally such that 
most of the initial and operations positions associated with ~~is geothermal 
development would be filled with outside workers, a training program estab­
lished in cooperation with industry, the County and education programs would 
allow the local labor market to benefit more from an economy containing a 
significant geothermal component. Since present urban population centers 
border on the KGRAs in the Imperial Valley, additional population should 



be encouraged to locate within or immediately adjacent to these existing 
urban areas~ Consideration of growth location away from geothermal develop­
ment areas would reduce the potential for conflict between geothermal 
operations and expansion of population centers. 

Currently, public opinion is very supportive of geothermal development in 
Imperial County, To continue such public support, intensive efforts via 
public education in regard to geothermal development in Imperial County 
would help.disseminate accurate information about the development of geo­
thermal resources and clarify the areas of potential benefit and confli9t, 
especially between the farmers and the geothermal developers. 

Visual Resources 

In performing the visual contrast rating of the proposed project, Atlantis 
Scientific (1978) used the Holtville Outlying Field and Interstate 8 as 
vantage points. The assumption was made that the color of the equipment 
would be mettalic. 

The primary visual impact of this project is considered to be the vapor 
plume from the cooling towers. The size and extent of this plume would 
vary with climatic conditions, but exactly what the size and extent would 
be is uncertain. The plume could create a significant impact on recreation­
ists in the East Mesa and Algodones Dunes area. This visual impact would 
be in the form of giving the appearance of an industrial type development 
adjacent to a "natural" recreational area. Another visual impact of 
significance in this Class III area would be the visibility of the plant 
structures from Interstate 8 and the Holtville Outlying Field. 

As a result of the visibility of the cooling tower plume and power plant 
structures, the.·feature contrasts of the proposed project would not meet the 
criteria of a Class III area. Impacts resulting from the visibility of the 
plant structures could be mitigated by one or both of the following means: 

* Using a painting s~heme of light 
light green on plant structures. 
metallic paints could be allowed 

neutral colors such as tan or 
Where critical, the use of 

on structures under 3 m. 

* Screening of plant structures from the Holtville Outlying Field 
and Interstate 8 with native or naturalized vegetation species. 

The cooling tower plume could be mitigated.by using an alternative cooling 
system such as spray ponds. However, the use of spray ponds would require 
an increased surfa'ce disturbance and make-up water. 
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VII. RECOMMENDED MITIGATING MEASURES 

Geothermal operations on Federal Leases are subject to the Geothermal 
Rules and Regulations (30 CFR 270), Geothermal Resource Operational (GRO) 
Orders, L~ase Stipulations, and Special Lease Stipulations and Conditions, 
all of which provide environmental protective measures. The Special 
Lease Stipulations. and Conditions for RGI's geothermal leases at East Mesa 
are listed below: 

1. Upon notification by the Authorized Officer that archeological 
values exist or-are believed to exist in the leased lands, the 
lessee will engage a qualified archaeologist, acceptable to the 
BLM, to survey and salvage items of archaeological value in 
advance of any surface disturbance. The responsibility and cost 
of this survey and salvage will be that of the lessee. 

2. The lessee shall participate in earthquake and land subsidence 
prevention and detection programs applicable to the leased area 
unless determined by the Supervisor to be unnecessary. 

3. Mud pits and sumps containing any additives toxic to wildlife will 
be protected from entry by birds and other wildlife. 

4. Noise levels shall at all times be kept to a minimum and shall 
never exceed 65 decibels at a distance of 1,500 feet from its 
source. 

5, No clearing of ground cover for power transmission lines, except 
for tower or pole pads, shall be allowed • 

. -
6. All power and transmission lines will be designed to minimize loss 

of ra~tors and other large birds by electrocution. Nonspecular 
conductors may be required by the Supervisor for lines crossing 
Federal lands. 

7. Directional drilling for development operations shall be required 
wher~ determined to be reasonable. 

8. The use of wide-tired, or balloon-tired, vehicles and helicopters 
may be required by the Supervisor in off~road areas where necessary 
to protect the soils and other resources. 

9. No well sites shall be located within 1/4 mile of the center line 
of the All American and East Highline Canals and Interstate High­
way 8. 

10. The Lessor reserves the ownership of brines and condensates and 
the right to receive or take possession of all or any part thereof 
following the extraction or utiliz~tion by Lessee of the heat 
energy associated therewith subject to such rules and regulations 
as shall be prescribed by the Secretary of the Interior. If the 
Lessor elects to take the brines and condensates, the Lessee shall 
deliver all or any portion thereof to the Lessor at any point 



in the Lessee's geothermal gathering system after separation of 
the steam and brine products or from the disposal system as spec­
ified by the Lessor for the extraction of said brines and conden­
sates by such means as the Lessor may provide and without cost 
to the Lessee. There is no obligation on the part of the Lessor 
to exercise its reserved rights. The Lessor shall not be liable 
in. any manner if those rights are not exercised, and, in that 
event, the Lessee shall dispose of the brines and condensates in 
accordance with the applicable laws, rules, and regulations. 

11. The Lessor reserves the right to conduct on the leased lands,test­
ing and evaluation of geothermal resources which the Lessor deter­
mines are required for its desalinization research programs for 
utilization of geothermal fluids. These programs may include 
underground explorations, if they are conducted in a manner com­
patible with lease operations and the production by Lessee of geo­
thermal steam and associated geothermal resources. Lessor reserves 
the right to erect, maintain, and operate any and all facilities, 
pipelines, transmission lines, access roads, and appurtenances 
necessary for desalinization research on the leased premises. Any 
geophysical data collected by either the Bureau of Reclamation or 
the Lessee will be made available upon request to the other party. 
Any brines and condensates removed by the Lessor shall be replaced 
without cost to the Lessee with the fluids as compatible with res­
ervoir fluids as the brines or condensates that the Lessor removed 

.and where the Lessor and Lessee determine they are needed by the 
Lessee for his operations or for· reinjection into the geothermal 
anomalies. Any desalting plants, piping, wells or other equipment 
installed by the lessor on the leased premises shall remain the 
property of the lessor; and the lessee shall conduct his operations 
in a manner compatible with the operation and maintenance of any 
desalting plants, piping, wells, or other equipment installed by 
the lessor. 

i2. The Lessor and the Lessee, if authorized by law, may enter into 
cooperative agreements for joint development and production of geo­
thermal resources from the leased premises consistent with applic­
able laws and regulations. 

In the Plan of Development, the lessee references Plans of Operations 
(POO) that have already been submitted to the AGS. These POOs are in­
corporated in EAs #12,29,61,81 and 86. EA's #12,29,81 and 86 were approv­
ed by the AGS, subject to Special Conditions. The Special Conditions 
listed below, imposed on these previously submitted POOs, are recommended 
as mitigating ·measures for RGI's proposed lO-MW power plant and associ­
ated field development. A. few of the previously imposed special conditLms 
are proposed by RGI in the POOs and are not repeated here. 
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1. The lessee shall post appropriate warning signs for curves on 
lease roads. 

2. The lessee shall maintain dust control by appropriate watering. 
Neutralized drilling fluids may be used for dust control and road 
stabilization as approved by the Area Geothermal Supervisor. 

3. The lessee shall notify and post warnings to all personnel that 
suspect. ordnance may be present on leased lands. Such warning 
signs shall state that operations shall immediately cease when 
ordnance is uncovered during such operations and to immediately 
notify and request the assistance of the Explosive Ordnance 
Detachment of the Yuma Proving Grounds (Tel: (602)328-2841) for 
removal and appropriate.disposal of such ordnance. 

4. 'Fluids utilized for dust control and road stabilization should 
not contain more than 4 mg/l boron. 

Additional Recommended Mitigating Measures listed below are felt necessary 
to protect the environment should RGI's proposals be implemented. These 
mitigating measures were formulated with consideration given to comments 
and. concerns expressed by Interested Parties (see Appendix B). Environ­
mental protective measures proposed by RGI are in their Plans of Opera­
tions attached as Appendices A-l, A-2, an~ A-3. 

1. In order to comply with Sec. 2 of GRO Order 4, a Plan of Restor­
ation should be submitted to the AGS prior to abandonment of the 
area. This Plan of Restoration will outline the procedures to 
mitigate the disturbed lands that were used during the life of 
the project. This plan will have to be mutually acceptable to 
the ~GS and BLM. 

2. Wholesale clearing of vegetation should not be permitted. Vegeta­
tion removal should be limited to those areas that are absolutely 
necessary for placement and construction of geothermal facilities. 
Areas which undergo vegetation denudation or suffer irreversible 
vegetative damage and are no longer necessary for geothermal 
operations should not be left to recover naturally. 'These areas 
should be revegetated immediately after use, under the super­
vision of the AGS who would consult with the BLM. 
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VIII. UNAVOIDABLE ADVERSE IMPACTS 

Geologic Hazards 

No adverse impacts would occur as a consequence of construction and opera­
tion of the proposed lO-MW power plant. Induced seismicity could occur as 
the result of injecting geothermal fluids into the subsurface. Whether 
induced seismicity would occur and whether induced seismicity would be 
intense enough to be of major concern would have to be determined empirically. 

Hydrology 

The loss of 90 m3/hr of water due to evaporation from the cooling towers 
could be construed as an adverse effect. 

Air·· Quali ty and Noise 

There would be a temporary increase in air and noise pollutants during the 
construction and development phase, and a slight increase in air and noise 
pollutants during normal operations. 

Cultural Resources 

The amount and kind of information that is extracted from an archaeological 
site is limited by the data retrieval techniques and the particular problem­
orientations employed,by the investigator during collection or excavation. 
When cultural materials are collected, their environmental context is 

,destroyed and s9me information is enevitably ~ost. Furthermore, the site 
is no longer av~ilable for future studies in which more sophisticated tech­
niques might be employed and different research problems solved. 

Land Use 

Public access and recreation would be restricted in the proposed area of 
operations. Potential agricultural lands could be tied up by geothermal 
development for an extensive period of time. 

Socio-Economics 

The adverse impact on the socio-economics would be minimal. Limited 
personnel and limited public services would be required. 

Visual Resources 

The open desert vistas would be altered, particularly during the operation 
phase. 
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BiologY 

Wildlife. Approximately 14 to 16 ha of surface disturbance would be 
necessary for the lO~MW power plant and associated field development. 
A permanent reduction in the availability of wildlife habitat and a 
decrease in the total population and/or displacement of wildlife would 
occur. Loss of cover, vegetation, food, and nest sites, as well as deaths 
due directly to construction activities and possible electrocution or 
collision deaths of birds from transmission lines, would cause a reduction 
in population density. The diversity and species composition of the 
community could also be modified. This is an impact of major importance 
since the character and quantity of the plant community is vitally important 
in determining which wildlife species occupy the area, how many of each 
species the habitat can support, and the diversity of the fauna. The 
character of the community would be altered in an abandoned geothermal area 
for a long time. The area would support fewer animals and have a reduced 
diversity than the area .did prior to development. 

Vegetation. Accidental contamination, and airborne pollutants may change the 
composition of the plant community, and adversely affect nearby agriculture. 

Dust may impair the growth of plant species in the area. 



IX. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENTS OF THE RESOURCES 

The following list constitutes irreversible and irretrievable commitments 
of the resources should the proposed project be implemented: 

* The geothermal resource 
* The energy resources, manpower, money, and materials necessary 

to carry out the project 
* Loss of 90 m3/hr of water by evaporation in the cooling towers 
* Loss of vegetation and wildlife 
* Should restoration not prove totally successful, loss of wildlife 

habitat 
* The ecology of the area could be altered 
* Mitigation by collecting and salvaging cultural resources since 

the sites would be destroyed during the process of mitigation. 



X. RELATIONSHIP BETWEEN SHORT-TERM USES OF MAN I. S ENVIRONMENT 
AND THE MAINTENANCE AND ENHANCEMENT OF LONG-TERM PRODUCTIVITY 

Imperial County is in a uniquely favorable position for the development of 
geothermal energy. The vast amount of open space in the County will usually 
allow development to occur without the removal of any structures or the 
relocation of any people. In the agricultural areas, once the life of a 
well or other facility is complete, almost all the land can be reactivated 
for the use by crops and/or livestock. The large amount of open space also 
means that no other activity need be precluded if geothermal development 
progresses. It is not a choice of geothermal development or some other kind 
of development; there is enough space for all concerned, including the present 
agriculture and geothermal facilities. 

The long-term impact of geothermal development will enhance the very 
economic growth and diversification which the County desires to promote. 
At some future date, when the resources are depleted, careful planning 
should allow much of the economic improvement of the County to remain. 
Instead of narrowing options, geothermal development would expand them over 
the long-term. 

An increasing population in the Pacific Southwest area, coupled with increas­
ing per capita demands has created a need for more electric power and water. 
The area's power consumption rate is doubling every 10 years. The Federal 
Power Commission (FPC) in a letter dated March 7, 1972 to the Commissioner 
of the Bureau of Reclamation, indicated the installed generating capacity 
for the contiguous United States will increase from 340,000 MW in 1970 to 
1,260,000 MW in 1990. The FPC states in the letter that meeting this 
demand will require a variety 6f generating systems and that geothermal 
power may be more environmentally compatable from a standpoint of thermal 
or air pollution than alternative sources of power presently in use. Finally, 
the FPC letter states that geothermal power could meet a significant portion 
of the future needs of relatively pollution-free energy, supply water, and 
help reduce the drain on other non-renewable resources. 

The leasing of the land for geothermal resource development involves commit­
ment of a portion of the geothermal heat, water, and related land areas 
and resources of the site involved. The extent and nature of these commit­
ments and an assessment of their potential environmental impact have been 
.discuss'ed earlier in this report. It is particularly significant to 
recognize that geothermal heat is a wasting resource which would otherwise 
be dissipated over time from the surface of the earth to the atmosphere with 
little or no identifiable benefit. By contrast, development of this resource 
in an environmentally acceptable manner can have substantial benefit by 
affording a relatively clean power generation energy source. 

The generation of power would be the principle use of geothermal resources. 
However, there also is a goo4 possibility that by-products of water or 
minerals might be possible, at least at some locations. In terms of total 
energy requirements, the contribution of geothermal resources may be . 



relatively small but it can be important, particularly on a local or 
regional. basis, In most instances the relatively small generation capa­
city for each site will serve to supplement other forms of electrical 
energy generation. As such, it will replace an equivalent amount of 
electricity that otherwise would have to be produced from an alternative 
source, probably steam electric systems using natural gas, oil, or nuclear 
fuels •. The use of such fuels, particularly oil, coal, and nuclear, gener­
ally imposes greater adverse environmental affects than would result from 
the use of geothermal resources. Such environmental adverse affects 
include air pollution, water pollution, radioactive exposure, thermal 
waste discharged to water or air, land disturbances from mining, and 
transportation hazards. 

Geothermal energy development could have aesthetic or social impacts in 
terms of increased noise levels, odors, and additional traffic. If all 
of the environmental stipulations of geothermal permits are met, these 
environmental impacts would be minor, but would still be objectionable in 
terms of pre-operational conditions. Since such operations could continue 
for a period of 25 to 50 years, they would exist during most of the lifetime 
of local residents or users of these areas. 

The direct effects of a lO-MW power plant on future generations should be 
negligible. However, this is the second proposal for East Mesa and the 
third of four proposals for generation facilities in the Imperial County. 
Also under consideration by RGI and responsible agencies is an application 
by RGI for a 48-MW power plant at East Mesa, an expansion of the 10-W~ 
power plant. Considering all current proposals for East Mesa, there may 
soon be 20 MW on line. An· additional 33 MW may also be developed at East 
Mesa. Current proposals in Imperial County call for geothermal energy to 
account for 198 MW of electrical power within the next five years. 

If RGI's proposed lO-~m power plant or any of the proposed plants prove to 
be highly successful, it could lead to accelerated development of the geo­
thermal resources in the Imperial Valley. 

'U· q~ vv 



XI. ALTERNATIVES TO THE PROPOSED ACTION 

The following courses of action are alternatives to the proposed action: 

.1) Reject the proposal 

2) Impose conditions to minimize impacts. 

Alternative 1 would not be consistant with the Federal energy policy to 
promote the development of clean energy sources. And, in lieu of the fact 
that the anticipated environmental impacts that would result from the 
proposed action could be satisfactorily mitigated, the alternative of 
rejecting the proposal would not be reasonable. 

Alternative 2 would impose the recommended mitigating measures listed in 
Chapter VII. Altering the proposal via implementation of these mitigating 
measures would minimize environmental impacts. Alternative 2 is ·the 
recommended alternative. 



DETERMINATION 

I conclude that the requested action does not constitute a major Federal 
action significantly affecting the quality of the human environment in 
the sense of NEPA, Section 102(2) (C). 

Area Geothermal Supervisor Date 

Referred to the Regional Conservation Manager this date. 

I concur and so determine that the proposed action does not constitute 
a major Federal action significantly affecting the quality of the human 

. environment in the sense of NEPA, Section 102(2) (C). 

Conser~ation Manager, Western Region Date 
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April 24, 1978 

REPUBLIC GEOTHERiv1AL. INC. 
1162'" EAST SI..AUSON AVENUE. SUITE: ONE 

SANTA FE: SPRINOS, CAI.IFORNIA 90670 

(213) 945-36e1 

Hr. Jon Durham, Geologist 
Office of the Area 

Geothermal Supervisor 
U. S. Geological Survey 
Conservation Division, tvestern Region 
Suite 400 - Room 401 

~~©~~,~~~ 
APR.~ 'J • ..,18 

2465 East Bayshore Road 
AP.:A GEOTHERMAL SIJPERVISf:!I'S ·:fFICE 

C~NSERVATION DI'IISIO:I 
U.s. GEOlCG:C.l\L SJa:J F..Y Palo Alto, California 94303 
"F~I~I) PARK. CALlfOR::I." 

Dear Mr. Durham: 

As we discussed in our telephone conversation of 
April 24, 1978, updated information is no\'l available to 
better estimate aerial emissions from our proposed 10 Mw 
(gross) geothermal power plan.t at East Hesa. 

The attached exhibits were submitted to the Imperial 
County APCD as amendments to our original application for 
Authority to Construct the 10 Mw potver plant. Our original 
application to the District provided them with essentially 
the same information we provided the USGS in our Plan of 
Utilization for the 10 M\v po\ver plant. 

As we discussed, the basis for the changes in estimated 
emissions result from (a) a redesigned 10 Mw turbine generator 
with improved efficiency, hence lo\ver rate of geothermal 
fluid flow, and (b) a bet~er estimate of the noncondensable 
gas content of the geothermaJ. fluid in our reservoir. This 
information represents the best available estimate of aerial 
emissions from our proposed operations. 

Please find enclosed the following attachments in 
triplicate: 

Exhibit A 
Exhibit B 

Exhibit C 
Exhibit D 

Drawing 199-13 -

Overall Flowsheet (Rust Dwg. 02-22-02) 
Updated Estima~e of Noncondensable 
Emissions 
Hethodology for Emission Rate Calculations 
Estimated Emissions from Power Plant 
Cooling Towers 
Plot Plan - 10 Hw Power Plant at East 
Mesa 
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EXHIBIT C 

METHODOLOGY FOR EMISSION RATE CALCULATIONS 

. -
The calculation of noncondensable gas emission rates 

is based on the following assumptions: 

i. Geothermal fluids from Well Nos. 16-29 and 
38-30 are characteristic of the geothermal 
reservoir. 

ii. 

iii. 

Noncondensable gas content of the geothermal 
fluid is 0.094 percent by weight. 

Up to 97.5 percent of the noncondensable gases 
in the geothermal fluid will volatilize and 
be released to the atmosphere. 

iv. Noncondensable gas concentration of the geo­
thermal reservoir is spatially and temporally 
constant. 

v. Geothermal fluid flow rate for the power plant 
is approximately 6954 gallons per minute (gpm) 
(3.135 million pounds per hour). 

6 Emission rate*=(O.00094) (?975) (weight percent*) (3.135xlO lbs/hr) 

*Noncondensable gas of interest 

Emission Rate given in Ibs/hr 

, . 
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EXHIBIT D 

ESTIMATED EMISSIONS FROM 10 Mw POt'lER PLANT COOLING TOWERS 

Design Specifications of Cooling Towers 

1. Circulation Rate - 19,981 gallons per minute (GPM) 
2. Drift Loss - 0.008 percent of circulating flow 
3. Cooling System \Vater Volume - 150,000 gallons 

Calculation of Rate of Drift 

(19,981 GPM) (0.00008) = 1. 6 GPM 

(1.6 GPM) (60 min/hr) (8.26 Ib water/gal) * = 793 lb/hr 

Calculation of Initial Rate of Particulate Emissions 

Assumptions for Particulate Emissions: 

1. The amount of solids carried with stearn to the 
turbine are not significant 

2. The cooling to~ver will operate at design conditions ** 
3. Particulate emissions are attributed to drift 
4. No solids are picked-up from air entering cooling 

to,ver 
S. Corrosion treatment cha~icals contribute 7S mg/l 

TDS to the concentration of the circulating flow 
6. The initial source of cooling tower fill water is 

the East Highline Canal (about 1,100 mg/l TDS) 

[(11QO+75)mg solids/liter] (1 liter/10 6mg) (793 Ib/hr) = 
0.93 lb particulates/hr 

* Density of water at 115 0 is 61.76 Ib/ft3 corresponding to 
8.26 Ib/gal 

** The cooling tower will likely perform better than design 
specifications under normal operating conditions. 
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Calculation of Long-Term Rate of Particulate Emissions 

Symbols used in the calculation: 

Ml = Volume of make-up water 

M2 = Volume of evaporation water 

M3 = Volume of drift water 

Mt = Volume of cooling system water 

Sl = Solids in make-up water 

S2 = Solids in evaporation water 

S3 = Solids in drift water 

St = Solids in cooling system water 

C1 = Concentration of make-up water 

C2 : Concentration of eva~oration water 

C3 = Concentration of drift water 

Ct = Concentration of cooling system water 

Water balance: 

Ml = M2 + M3 , steady state 

Solids balance: 
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Calculation of Long-Term Rate of Pa:cticulate Emissions 
Page TWb 

For the system: 

Solving: 

In Ct = (-M3/Mt )t + ~n k, where k is an arbitrary constant 

Initial Concentration: 

Let t = 0, C
t 

= 

Inlet /k) = (-M3/M
t

) (0) = 0 
o 
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Calculation of Long-Term Rate of Particulate Emissions 
Page Three 

therefore, C
t 

/k = 
a 

1, or k = C
t 

o 

known, M3 = 1.6 GPM = 2,304 gallons per day (GPO) 

Mt = 150,000 gallons 

then, Ct/C
t 

= e-(2,304/150,OOO)t = e-O.Ols36t where t is in c yfC 

a 

Thus, we can determine the time required for the cooling system 
TOS concentration to decrease by one-half (t!l) 

Let Ct/C
t 

= 0.5 = 3-0.0ls36t 
a 

then, t~ = approximately 45 days 

After' one year: 

-0101536(365) = e = -3 
3.7 x 10 

= (1,175 mg/l) (3.7 x 10-3 ) = 4.35 mgt.J.. 

This concentration is added to the estimated concentration of 
corrosion inhibitor (75 mg/l) to total about 80 mg/l TOS in 
the cooling system. 
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Calculation of Long-Term Rate of Particulate Emissions 
Page Four 

Rate of particulate emissions after one year: 

(80 mg/liter) (1 liter/106mg) (793 Ib/hr) = 0.063 Ib/hr 

Rate of particulate emissions after two years: 

-0.01536(730) = e = 1.35 x 10-5 

Ct = (1,175 mg/l) (1.35 x 10-5 ) = 0.02 mg/l 

Thus, the concentration of circulating fluid in the cooling 
system approaches the corrosion treatment chemical concen­
tration of 75 mg/l. 

Particulate Emissions Under Steady State Conditions: 

(75 mg/liter) (1 liter/l0 6 mg) (793 lb/hr) = 0.06 lb/hr 

This estimate assumes no blow-down. Additional solid 
removal from the cooling system by blow-down water would 
accelerate the time period required to reach a steady state 
concentration of 75 mg/l TDS and, thereby, reduce further 
particulate emissions from cooling tmver drift. 
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Mr. Jon Durham 
April 24, 1978 
Page Two 

In response to your conversation with Mr. Dwight L. 
Carey, please also find enclosed our Development Plan of the 
East Mesa project area (Drawing 199-14) with the boundaries 
of the archaeological and biological surveys identified. 

We hope the above information will be useful to you in 
the preparation of the EA for our proposed operations. If 
you have any questions, please feel free to contact our 
office. 

Respectf~ 

4&;{;-Thomas---
Environmental Land Planner 

TRT:mtb 

Enclosures 

, -



EXHIBIT B 

ANTICIPATED INITIAL NONCONDENSABLE GAS EMISSIONS FROM PROPOSED 

10 Mw (GROSS) GEOTHERHAL POt'1ER PLANT 

Weight Percent Projected 
Anticipated Of Total Noncondensables Emission Rate 

Emission Well 16-29 Well 38-30 (Pounds /Hour) 

Carbon Dioxide (CO
2

) 94.452 95.038 2710 -2730 

, Nitrogen (N
2

) 3.972 3.571 103 -114 

Methane .(CH4 ) 1.123 0.374 10.7 32.3 

Argon (Ar) 0.121 0.145 3.48- 4.17 

Ethane (C2H
6

) 0.139 0.061 1.75- 3.79 

Propane (C
3

H
S

) 0.114 0.OS4 2.41- 3.28 

Benzene (C
6

H
6

) 0.065 0.015 0.43- 1. 87 

Hydrogen (H
2

) 0.006 0.005 0.14- 0.17 

Hydrogen Sulfide (H
2

S) 0.005 0.000 0.00- 0.14 

Toluene (C
6

H
S

CH
3

) 0.004 0.000 0.00- 0.11 

Total Noncondensable Gas Emissions Approximately 2~870·lbs/hr 

3/29/78 
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June 6, 1978 

REPUBLIC GEOTHERMAL. INC. 
11823 E-AST SLAUSON AVE:NUE, SUITE ONE 

SANTA FE!: SPRINGS, CAWFORNIA 90670 

(213) 945-3661 

Area Geothermal Supervisor 
U. S. Geological Survey 

~~©~~w~~ 
JUN 81978 2465 E. Bayshore Road, Suite 400 

Palo Alto, California 94303 

Attention: Mr. David Bicy~ore 

AR£A GEOTHEr.::',l,L SUPER\':!)OR'~ effie:; 
Cu,~SER'lAT1C~: C:VIS:O:& 
u.s. GEOLCC'C,c.L SUR~I'r( 

•. ,," C'A~~<' r.:·._!..I~""'···· 

As requested by Mr. Jon Durham, we are listing changes 
and additions to our Plans of Operation, Development and 
Injection, and our Plan of Utilization for our proposed 
10 Hw (gross) electric generating facility. Most of these 
have been discussed verbally or previously submitted to your 
off,ice, but they are summarized beloN as an aid for reference ~ 

I. Plan of Operation, Development 

B.S. (p. 43) - Republic may use electric submergible 
pumps for production wells as \'1ell as lineshaft 
turbine pumps. A generalized drawing of the 
submergible pump proposed for use is attached as 
Exhibit A. 

B.6.a. (p. 44) - Republic proposes to use 12", 14", 
16", 18", 24" and 30" diameter steel flowlines to 
carry the geothermal fluids from the production 
wells to the power plant separation facilities and 
to carry liquids from the power plant to injection 
facilities. A drawing depicting the location of 
the various pipelines is attached as Exhibit E. 

B.6.a. (p. 44) - The Plan should be amended to include 
our Drawing No. 199-15, Engineering Details, for 
details of typical pipeline supports, insulation 
and road crossings. This Drawing was previously 
submitted to the Supervisor in our Plan of Opera­
tion, Development, for our proposed 48 Hw (net) 
po\ver plant. 

B.6.a. (p. 44) - Final engineering design of the size 
of the horizontal expansion loops has not yet been 
complet~d. The largest size proposed is 65 feet 
by 35 feet, but the loops may be considerably 
smaller. Whatever the actual size of the loops, 
surface disturbance during construction will be 
kept to a minimum outside of the actual location. 



REPUBLIC GEOTHERMAL. INC. 

Mr. David Bickmore 
June 6, 1978 
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B.6.d. (p. 45) - Republic proposes to run 4160 V 
transmissioi:l lines from a substation located at 
the power plant site to each production well. The 
electrici ty will be used to potver dot-mhole pumps, 
either the lineshaft turbine pumps and/or the 
electric submergible pumps. The transmission 
lines will be strung on 30 foot wooden poles and 
located adjacent to the access road. 

II. Plan of. Operation, Injection 

Republic has no changes or additions to the Plan 
of Operation, Injection,' as submitted. We have 
previously submitted more detailed tvater analysis 
reports of our East Mesa tvells to the AGS for 
compliance t'lith the annual reporting requirement 
of GRO Order No.4. At that time, analysis reports 
were also fortvarded to the AGS Environmental 
Section for use in the EA. 

III. Plan of Utilization 

B.l.b. (p. 3) - The plot plan of the proposed facility 
has been updated. The revised Drawing No. 199-13, 
Plot Plan-10 Mt,; Power Plant, Vias sent to Mr. Durham 
on April 24, 1978. We are not enclosing any other 
copies. 

F. (p. 15) - Republic's Drawing No. 199-15, Engineering 
Details, includes a typical cross section of the 
proposed roads. The Drawing was originally submitted 
to the AGS with our Plan of Operation, Development, 
for our proposed 48 Mtv (net) power plant. 

F. (p. 15) - The route of the 34.5 kV electric trans­
mission line has been changed. The new route is 
shown on the attached Exhibit B. The 34.5 kV line 
is anticipated to be a temporary line. It will be 
used to provide power for downhole pumps during 
production testing and initial operation of the 

, . 
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power plant.· It will also be used to provide 
power for plant construction and to transmit into 
the IID system any electricity not utilized for 
operation of the plant or field operations. It is 
anticipated that the 34.5 kV line will be removed 
when the 161 kV line is installed for the larger 
facility. 

F. (p. 15) - We propose to install a buried telephone 
cable immediately adjacent to the power plant 
access road. All surface disturbance should be 
within 5 feet of the road, but the exact figure 
may change depending on the exact location of the 
fluid flow lines. ' 

Should you have any questions about these changes and 
additions to our Plans, please do not hesitate to call. We 
appreciate your attention to these details. 

TJN:mtb 

cc: Mr. Jon Durham 

Respectfully, . 

\.hu.'l~'l,-, 0· (}U~/lb~~~ 
Tawna J. Nicholas 
Environmental Land Planner 
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Give interest.d P4tsons an opportunity fo participate", rtt. rul. moki"u~ ptiOf to the adoption of the fin<» ."Ht ... 

(2010..(.)1] 

SECURITIES AND EXCHANGe 
COMMISSION 

(11 cn 'art 210) 

[Reles.se Nos. 33-5901. H-14419. 35-20398, 
Ie-lOlO": rue 57-7331 

QUAUFICATIONS OF ACCOUNTANTS 

. Extendoft 01 Comrrwftt Period 

AGENCY: Securities and Exchange 
ColXl.tnission. 
AC'I'ION: ·Extension of public com­
ment period for proposed rule. 

- StJ'MMARY: The Commission extends 
the public comment period v.ith reo 
spect to a. proposed rule pertaining to 
the e!!ect o! lltlgation on the Indepen· 
dence of a.ccountz.nts until M:arch 3, 
1978. 
DATE: Comments must be received on 
or beCore March 3, 1978. 
ADDRESS: Co=ents in triplicate to 
George A. Fltzstmr.:lons, Secretary, Se­
cu.-ities and Exchange Commission, 
500 l;orth Capitol Street. Wa.shington. 
D.C, 20549. All comments >'.111 be avail. 
able for public inspection (File No 57-
733). 
FOR FUR'I'RER INFORMATION 
CONTACT: 

Robert R. Love, 202-755-1773, or 
Ed";l;'ard R. Cheramy, 2C2-376-S020. 
om::a of the Chief Accountant. Se· 
C'.;rities and Exchange Com.mi.s.sion. 
500 North Capitol Street. Wa.shing. 
ton, D.C. 20549. 

SUPPLEM~ ARY INFORMATION: 
In Release Nos. 33-5888. 34-1463, 35-
20314 and IC-100GO <Decemcer 13. 
1977) (42 FR 64::11), the. CommL~!on 
published for comment 3. prollcsed 
amenement to Rule 2-01 of Regula.· 
tion S-X <17 CPR 210.2-01>, QuruWc:l· 
tlons of accountants. tha.t speciiies Sit. 
uatlons Involving litigation that would 

.ad\"erselY affect the Independence of 
the puolic accountant Involved in the 
lltl1;3.tton. The Com.rnission stated that 
the public comment period would 
expire on January 31. 19i8. 

It has come to the Commission's at­
tention that ccrt:Un Interested memo 
bers of the public may require more 
time to complete their con.~ldcrat!on 
of the proposal In ordl!r to respond to 
the Commission's soli.:ito'l.tion of com· 
ments. The Commission hBS dl'ter. 
mined that it Is appropriate 1...."1 the 
public interest to allow additional time 

[or the consideration o{ these propos. 
als. Accordingly, the Commlssloa 
hereby extend.s the period for public 
comment on the proposed amendrnl.'ot 
to Rule 2-01 of ReJrulation &oX from 
January 31, 1978 to March 3. 1913. 

. By the Comm.lsslon. 
G£ORGE A. Frn:.sna.toNs. 

Sccreia.T'!/. 
JAl'It1ARY 26. 1978. 
tFR Doc. 78-2770 rued 1-31-1'8; 8:45 a.ml 

(4310-31] 

DePARTMENT OF THE INTERIOit 

Geological Surv • ., 

[30 Cft Pcrt 2101 

G~OTH£RMAL USOUltCES Oi'EllATIONS 

I'1Ibli .. Acqulr.d, and Withdrawn Landa 

AGENCY: U.S. Geological Survey. In· 
terior. 
ACTION: Proposed rule. 
SUMMARY: This proposed rule would 
revise regul:l.tlons concerning geother· 
lllal resources oper::,tions on public. !lC­
quired. and withdrav.-n lands to permit 
the construction and operation of geo­
thermal ste?.m power f?cillties 00 Fed· 
era.l lands leased for geothermal reo 
sources. The revision a.uthorizes the 
Area Geothermal Supervisor to ap­
prove the construction of these facill· 
ties and. to supervise their operation. 
The prOpOsal also sets forth the proce­
dural requirements which the opera· 
tor of a. proposed facility must so'l.tisfy 
In order to obta.in the Supervisor's ap­
pro\'al to construct and operate tha.t 
facility. 
O}_TE: Comments must be received on 
or before Marcil 20, 1978. 
ADDRESSES: Interested persons !\l'e 
i.:lvited to p~.l'ticlpate in the evalua.tion 
oC the proposed re~ision by identifying 
the subject matter and submitting 
~Titten comments. suggestions. or ob­
jectlor.s to the Cllie!. Conservation 01-
\'is!on. U.S. Geologic:J.1 Survey. Nation­
al Center (650), 12:01 Su."U'i.'iC Valley 
Drive. Reston. Va. 2::092. Com,-nt!nt.s 
recei~·ed 'I.·ill be avalla.ble for public in· 
spectlon In the COll$er'o'atlon Division 
on re~.ll:l.r workiog days from 8 a.m. to 
4:30 p.1n. 

FOR FURTHER INFOR~{ATION 
CONTACT: 

Mr. Billy J. Shog-er, Conservation DI­
vision. U.S. Geological Survey, Na. 

tlonal Center (620), 12202 Sunrise 
Valley Drive. Reston. Va.. 22092. 703-
8$0-7535 (commercial), 928-7535 
(FTS). 

SUPPLF.1.ro;-rARY INFORMATtON: 
The primary author of these proposed 
re\1.sed rc~ation.~ ls Mr. Billy J. 
Shoger, Petroleum Engineer. U.s. 
GeologiCal. Survey, phone 703-860-
7535. 

The revision is proposed pursuant to 
the a.uthority vested In the Seeretary 
or the Interior by the Geothermal 
Steam Act o{ December 24. 1970 (30 
U.s.C. 1001-1025). . 

The llresent geothermal. operating 
regulations <Title 30 CPR P:u1: 270) 
tor leased Federal lands provide for 
drillini. prodUCing, mea.surement. and 
pa}'ll'Ie!lt of royalties. but do not ·con­
tain procedUres that would permit the 
cor.structioo and operation of geother­
mal steam power {l).Cilieies on Federal 
lands lea.sed for geothermal resources. 
Several ot· the Federal geothermal. 
lea.ses are nearing the st.age at which 
the lessees will be callable of utilizing 
the discovered resources to power a fa­
cility for the generation of electricity 
or other beneficial use. The siting of 
these facilities Is necessary to a.ssure 
the orderly md timely development of 
Federal geothermal leases. Moreover. 
geothermal steam power {a.cilities are 
needed for research and demonstra­
tion projeets for the purpose ot im­
proving present technology as ?;ell as 
developing new methods of application 
til a.ssilre the eIIlcient utlliz!l.tion oC 
geothermru resourcE'S In this country. 

The revised reg-o..tla.clons will perm..! t 
the Geoloi.ic~l Survey's Area Geother· 
mal Super:tsor to aPPI'!Jve the coo· 
stn.:ction and operation o! "Individual 
Well Facilities." "Research md Dem­
onstration Facilities," a.nd "Power 
Plant Facilities" on leased Federal 
land and to supervise operations for 
the uti1Jz:l.tion of geothermal re­
sources. "I'o" .. er Pl:ult lo'acUities" 'iIoill 
also re'luire a license In accordance 
~ith 'TItle 43 CPR Part 3250, which is 
being' promulgated by the Bureau of 
Land Mana.g('ment. 

As proposed. Title 30 CPR Part 270 
~'ould be modified a.s fo11o? .. s; 

1. By revising ~ 270.1 to rea.d.: 

§ 2~0.1 Purpose and authority. 
The Geothermal Steam Act enectcd 

on December 24. 1370 (30 U.S.C. 1001-
10::5). re!c!Tl'd ~o In ~hls part as "the 
Act," aUlhcr!zcs the SeerctarY of the 
Interior to prt!scrice rules and reKUla· 
lIons applicable to operations conduct. 
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ed under a. lea.~e gJ"llnted pursua:\t to 
the Act. and for t!'le de"le:,:pr:l~nt. con· 
servation. end u:il!:a~:o:1 of g~otlJer· 
mal steam a~d as:;o~::\:ed !:~')tt.ert:\al 
reSO:l%'<:es. the p:-cver.:!J.:l of waste. tt.e 
protectlJn of the P:Jo::c In:erest. and 
the protectl:m ot water QCla!!:y ~,::d 
other cn.lro:uncntal Qua!i:les. 'I'he 
relS\llatior.s In t!1:.s pare shall be ad· 
Dl1:"J.stered by the Director thr:)u;:;h 
the C~le[. COI".s~rmt:~n Di\~s!:ln. or 
hi3 duly appointed representaU·,'e. 

2. By rcV'.s!ngo parZograjJh (0) of 
§ 270.2 and adding- paragraphs (r). (s). 
(t). (U), (v), and (w) to read: 

U'iO.2 Ddinitions. 

• • .. • • 
(0) "Area of Operations" means that 

area ot t.'le leased ltmds Which is reo 
Quired for exploration. dec;elopment. 
production. and util!::ation operations. 
and which is delineated on a map or 
plat that is ml1de a. part of the appro· 
priate approved plan of operations or 
utilization. It encompa.sses the area 
generally needed for wells. !lowli.'1es. 
separator3. s!J..-.;e tar.k.s. drill pads. 
mud pits. worl:.:;hops. powe!1)lants. a.,11d 
other such fac'.lities us~d on a le~~ fer 
geothermal resources exploration, de· 
velopment. production. and utllt:a.tion 
operations. 

(pl-(q) (Reserved) 
(r) "I:dMdual Well F-adlity" mear.s 

an electric pov.-er I:eneratillg facility af 
not more than lO·tn~c:!.\':att net cap:;c· 
lty located on a Fe~eral geotherrnu 
lease and for wrJch energy is supplied 
by a si."Igle well. 

(s) "Research and De::no!lStration 
FaCility" mea."lS a facility oC cot more 
than 20·mega?at: net cap!l.City located 
on a Federal geotheI"l:Cal lea.';e fer 
which the energy i'l supplied by one or 
more wells and 1Wr..ic!l i.:l utilized exclu· 
sively for the rese~rch and de:nonst"ra· 
tiOD of .. ;>plicatic:-.s in the develop· 
ment of I:eothe!"!l!al resources dllri.'1g a 
project life of cot mo!"e than 5 year~. 

(e) "Power Plant Facility" llle:W3 
any power generatin:\' facility. as de· 
fined in -!J CFR S:.!op!lrt 3::50. other 
than an L'ldhid'.lal Well F~.ci1:ty or a 
Research and Demonstration Facility. 

eu> "Utilization Facility Site" me?ns 
that portion of an arel1. of ope:-ations 
for Which Q, pla!l of util!::atloll filed 
pursuant to 30 CPR 270.34-1 has been 
ap?roved tor the siting; of an Individ· 
ual Well Facility. Re;;~arch and Oem· 
onstration Facility. or Power Plal'tt F'J.· 
c:ility. including appurtenant struc~ 
tures. 

(v) "Facility Operator" means t!:te 
lessee or the individual. corpo:":ltion. 
association. or munic:;:ll1l1ty de~l;:nated 
by a lessee as the operator of any {:l. 
eUlty for the utilization ot geothermal 
resources. 

(w) "Joint Faclllty Operating Agree· 
ment" means an agreement bet .... ct>n a 
lessee and ,another party for the situl!:. 

PROPOSED RULES 

construction. and operation of power 
gener.ltion fac!lltlt's fOt" the utlliz .. \tlon 
ot geothenllai stt'nm and 3.ssocinted 
geothennai rCSOUI't"!'S produced {rom 
the lessee's gcot hermal 1,,!!.Se or lelUies. 

3. By reVising § 270.10 to read: 

§ 210.10 Juri.dktlon. 

D~!!l!ng. prod:!ctlon. construction. 
and o;:era:lon o{ an}" fac;i:ity lor the 
u::!lzation o{ geothermal resources. 
hancCing and m'?:'.~urement oC produc. 
tlon. deter=l.-:acion and collection of 
roralty. and. In caneral. aU ope:atiorus 
conducted on a. gt'ochermal le:we are 
subject to the rCJ;:ul:l.tions in this part 
and the ap?:!ci\~:e re!;,.llatiol'.3 con­
tained in 43 CFR Group 3400. These 
oper:l.tlor~~ are subject to the Jur'..sdlc. 
tion oC the Super\'isor for the area in 
which the le3.5t'd l:mds are situa~d. 

4. By revising § 270.11 ~o read: 

§ ZiO.ll Gentml (uncti<J1Uo 

The Supervisor L~ authoriz~d and dI· 
rected to t":l.rry out the provisions of 
this part. 'I'he Su;>ero;isor v,"ill require 
compl::l..\'1.ce v,'it!'l the terms of geother· 
mal leases, with t!1e re!r'.llations ill this 
part. the a;:lp:icable rei;'Uiations in 43 
CPR Group 3200, .and with the appll· 
cable statutes. The Supervisor sh211 
a.:t on all app!!catioI'.3, re(tuests. and 
notices required l:l this l'art. III ex· 
ecut1r.g the fu.'lct!ons under this P3.1't. 
the Supervisor shall 8.'lSure that all 
permitted oi'erations, ~ithin the area 
ot operations. cOI'.!orm to the best 
practice It.'1d a.re conducted in a. 
manner that protects the deposits of 
the leased la.r.cis and results ill the 
maximum ultimOlte recovery and 
proper utilizatIon o! geothermal re­
sources. v.it!l .t:li.r..imum v,'n.ste. The Suo 
pervisor shall a:so assure t:tat e.ll per· 

. mitted operations are consistent with 
the principles ot the use of the 1lt.'1cis 
rot" other purposes and the protectioa 
ot the enviro!,_·!\(.·nt. As condltions in 
one area may vary widely from condl.· 
tions in =o~hcr 3.rea. the regulations 
In this part are intended co be general 
ill nature. Detai:cd procedures hereun. 
del' ill any particular a:ea will be cov· 
ered by GHO Order'S. The req!.lire. 
ments to be set forth In GRO Orders 
relating to surf:l.ce re~ources or uses 
will be coordir.:!.~ed ... 'ith the appropri. 
ate land management agency. The Suo 
pervisor mOlY I.s.sue oral orders to 
govern lca.~e oPt'r:\l!ons. but such 
orde~ shall be cOll!lrmcd In writl:lg' by 
the S~per.1sor 8.' promptly as poSSI. 
ble. 'I'he Super.·!.10r may issue other 
orders and ru!~s to gO~'~m the deve!. 
opmeut. I:1.cthod tor Droduction. and 
the utilization ot a. d,'poslt. field. or 
area. Prior to tllll L--sua.nce oC GRO 
Orders. other or:::r.s and rules. or the 
appro\'al 01 any pl",n of operatlcn. the 
Supervisor Sll:ui <:un.~ult with and re­
ceive conuner.!,j from a"propriate Fed. 
eral and Slnte Il~,'r.clrs, lC5sees. ope-ra.. 
tor3. and other Int.erest.ed Parties. 

Before permitting oper.ltlon., to l><t 
cozrunenced on the lea.sed l:lnd.:s, the 
Supervisor shall de~ermlnl! It [h~ It.,,",~ 
is In good standlr.~; ar.d ... ·ht·th"r the 
applicant Is authorized to conduct the 
pro;lCsed operations; has (lied I\n 4.:. 
ceptable bond: and has .... ·hen n'c;u!rt'd 
by the rClS\llations of this part. an (\1>­
proved plan o( oper:l.tion and/or pl:\n 
of utH!z.ation. notice ot Intent, sundry 
notice. or other appropriate permit 4P­
;llication. 

5. By redeSignating the e:tI.stlng 
paragraph In § 270.31 as (a) a.'1d add!.ng 
a new paragraph (bl to read: 

§ 270.31 Duignation ot operator or .,cnl. 

• • 
(b) III all cases where an !:::!I~·ldu:!.l 

well facility. research and demcC".stra. 
tion facility. or power plant facility Is 
to be operated by other tt.a:'l t~l! 
lessee. the lessee shall. for each p:-o­
posed facility. S'.;bmit in t::illl~:lte to 
the Supervisor. ill a ma:.ncr or in a. 
form approved by the Super .. l10r. 1\ 

"desigI'.:lticn of facilit!!' opera!or" lI.nd 
three copies of the joint f3.ciiit,· opcr· 
ating a!:Teement between t!1.e l.:ssee 
and the !3.cility operater. Such des!)t. 
nation. upon acceptance by th~ Super. 
visor. ~1ll author:':e the facility OP<:'I":1' 
tor to enter upon the pro;:losed !acl!ity 
site and related sites and to conrtuct 
thereon, in accordance ~ith 30 CFR 
270,34-1. s'.!ch ;lrel!mir.ar7 geologlc 
and soil studies as are ap::roprlate {or 
the planning and de::.rn ot a po;!,"r 
plane or other iac:ililies necessary {or 
the utilizMloD of geothermal re­
sources. A designated oper-ator may 
wo construct and operate such facUI· 
ties as have been approved under a. 
plan of operaticn or utilization and (or 
which 3. perI'.llt has been issued pursu· 
ant to the regu.latlons in this ?ut nnd. 
If a. pov,'er pla.'1t facility .. {or whIch a U· 
cer.se has been issued In accordance 
with 43 CFR Part 3250. 

S. By adding alter § 270,34 a new su~ 
section §§ 270.34-1 to read: 

§ 270.34-1 Plan of utilization. 
.U any tL'ne after acquisition ot a. 

lease. the leSsee or the de,ig::ated fa. 
cility operator ma.y ccnduct pre:i!rJ· 
nary soil cests or st~d!es necessary (or 
determining the sjte(s) most suitable 
tor the cor.strt!c~lon of a ?:op05ed fa· 
cillt~·. Site !n','estlgatlons invol"lng 
trenching or the construction oC ac!ui· 
tlonal roads will reqt:ire the prior ..... rit· 
ten approval o( the Supervisor and the 
appropriate su:iace manag!.ng agency. 
Prior to commencing any site prepara· 
tion. road construction. or facility con· 
structlon. un!es.; alreil.dy Iluthort.,cd 
under an approved plan of o::crntlon. 
the lessee or (acUity operator sha.lI 
submit In tr!pllcate a plan of ut1ll;J,Z· 
tlon and obtain the prior appro\':u ot 
the Supervisor and the appropriate 
Ja.'ld ma."lagelI1ent agency. A pla.n oC 
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utilization shn.11 Indudeo. M approprl­
ateo: 

(a) A drscrlptlon and/or pllllU (or a.ll 
pro'lO~('d !t:uI"tUf('S and taeiliUrs­
(Otheol thD.n p:opndary date. whIch 
may bf' ~Ubllll[[",j unut'r 30 C}'rt 
270,71-11 to 0(' roa,'tructt'd. crcctcd, or 
loca.trd on theo (anll!}' sit!.'. Including 
otlwr s:1p;'ort (;LC'iIltil'S or anclllary 
equi;lmrltL Tills portion o( tile plnn 
ahoull.! Ineluul.': 

( 1 I A contour map showing tacillty 
locationCs): 

(::l A dt'sC'rlption ot the purpose and 
operlHlon o( l'neh tacillt~·; 

(31 A sch!'mMic (lo ..... d!;q;ram: 
(4) The pla.'l tor archltfX:tural lands­

caPillI:: 
(~I A startup date a."ld the schedule 

of C"CInstructlon; 
(6) The pla.n.nt'd salety provisions for 

eoml'r)(l.'nCy ~hutdo~-n to protect public 
h!'alth and safety and for protfX:tlon 
ot the ('n ... lronm!'nt. Indudln&' a sched­
ule for the testing and maintenance ot 
sat!'ty de\'lccs; and 

(7) The manpoll .. er cover:1ge to be 
pro\'lded during the operation ot the 
facUlty. 

(b) A copy of any site evaluation 
stud!!.',. soil reports. core logs. or labo­
ratory reports which have been pre· 
pared lor the site(s). 

(c) A description ot any additional 
tests. studies, or suneys ';1.'hlch are 
planned to a.o;se::s the S'eolo:;ic suitabil­
Ity ot the site(s). Separate approvOll of 
any s~ch tests. studies. or sUt\'e~'s may 
be Irranted by the Supervisor prior to 
approval ot the o\'erall plan of utiliza· 
tlon. 

(d) A map showing the existing and 
planned access and lateral ro;\ds and 
the source of road buildlr.g material. 

(e) Tbe source and Qua.!.ity or the 
water supply. 

(f) The identification of other areo.s 
ot potentiOll surface disturbance. 
. (g) The methods for disposing of 
waste water. solid wastes. o..nd noncon­
densible gases. 

(h) a narrative st.a.tement describing. 
as applic:!.ble. the proposed l'!le;;.sures 
to be taken In protecting Ule eO\'tron­
ment including, but not limited t.o, the 
prevention or control of (1) !lrcs, (2) 
soil erosion. (3) pollution of the sur· 
face or ground ..... ater. (4) damage to 
fish and Wildlife or other natural reo 
sources. (5) air and nOise pollution. 
and (S) hazards to public hcal_h and 
safety during normal operations, This 
portion o! the plan shOUld also detail 
the procedures to be followed in com· 
plying ;I;lth existing Federal rE-qulre· 
ments and pertinent State and local 
standnrds, 

m The provisions made for monitor' 
ing f:lcillty·operatlons to assure con· 
tinulng compliance with applic:lble 
noise. air, and o;l,'ater quality standnrds 
and regulations under this pllrt. and 
for other potf'ntf:l.l em'ironmental tm' 
PioCts IdeniUied by the Supervisor. 

PROPOSED RULES 

The lessee shall be l'espon.<;ible [or the 
monitoring of readUy lndent!fl:\ble 10-
callzcd environmental lmp(\cts associ· 
ated v .. ith speclfic acth'lt!es that are 
under control of the lessee. 

(J) Any additional In{orm!ltion or 
data which the Supervisor mny re­
qutre In support o[ the plan ot utlllza· 
tion. 

In ttddltlon to a plan ot utilization. 
the Supervisor may also requirt'. as ap­
propriate. the submi5.~ion and appro ... • 
III o{ a. ;>Ian at operation that contorlns 
to the requirements of 30 crn 270,34. 

7, 13y revising § 270.42 to rt!l1d.: 

§ 270,42 Noise abatement. 
The lessee shall minlmlze noise 

during exploration. development. pro­
duction. and utilization operations. 
The welfare of the operating person· 
nel s.nd the public must no~ be affect· 
ed as a consequence of the noise cre­
ated by expanding go.ses. The method 
and degree of noise abatement shall be 
as prescribed or appro ... ed by the Suo 
pet\isor. 

8. 13y redesignating the existing' 
paragraph in § 270.50 as (a) and by 
adding a. new paragraph (1) to read.: 

I 
§ 270,50 Royalty payments. 

• • • 
(b) With respeCt to the pilot oper· 

ation or testing ot facilities perTT'Jtted 
pursuant to 30 CPR 270,71-1(3.) or (b), 
the Supervlsor. in accordance ';1.ith the 
provisions of 30 U,S.C. 1012, mo.y 
waire. suspend. or reduce the royalty 
obligation for a. period not to exceed 
120 days of net operation upon appli­
cation therefor. No form of relief from 
the roralty requiremel'.ts of a. leo.se 
~iU be granted in the a.bsence of an 
application therefor, and a determina­
tion by the Supervi.~or that such 
action (1) would bl! In the Interest of 
cor.servation. (2) would encour::'.ge the 
greatest ultimate recovery ot gcother· 
mal resources. and (3) Is necessrY to 
promote uevelopment or to insure that 
the least! can be operated sUGces~fully 
undar the lease terms. E;"ch applica· 
tion ior relief hereunder sh::'.11 be fil'.!d 
In tripllcate \1oith the Supervisor and. 
as e'.ln.lmum. must (i) identify the fa­
cility, Its location. and the facIlity op­
erator; (ii) provtde the serial 
nuruber(s) at the lease(s) from whIch 
the geothem~al resources nre produced 
and the name(s) of the current 
lessee{s) and/or operator(s); <lill can· 
tain the number and loc:tt!on of each 
well v.'hlch will be utilized dUring thc 
pUot operation or tcsting' of facilities 
nnd the estimated dally volume ot gco· 
thermal rc!'.ources to be produced [rom 
e~.ch Well: (iv) furnish s. detalled stat.e· 
ment of the estimated costs a..o;soein.ted 
with the pilot or testing opcratlons: 
a.nd (\') supply othcr appro;>rlnte docu· 
mentation to support the contention 
that relie! irom the rO~'alty require· 

mcnts ot the iease could be granted In 
accordnnce wl~h the provisiON ot 30 
U,S,C. 1012. as set forth In the preced. 
Ing paragra.ph. 

9, By at..ld:ng after § 270.71 a new 
subsection § 270.71-t to read: 

§ 2;0,11-1 -Applicatlon {or utilization 
pennit. 

(a) A permit to construct and oper· 
ate a lndh'ldual well facility ot not 
more tl1lUl 10·megawatt net capacity. 
including necessary related on·lea.se 
transmission facilities (md substations, 
must be obtained [rom the Supervisor 
prior to commencing surface disturb­
ing activities related to the construc· 
tion and operation of each individual 
well {actl1ty. The a~plicatlon for a 
permit must be !Ued in triplicate with 
the supervisor a.nd must s~te the loca­
tion c! the principal facility and all re· 
lated sites by distance in meters and 
dirCCtlon from the nearest section or 
tract lines, as shov,n on the olficial 
plat o( suney or protracted suneys. 
and the elevation of the ground level 
at these sites. The application must be 
accompanied by a proposed plo..n of 
utllizs,tion as required by 30 CPR 
270.34-1. Permits granted under this 
subsection will satisy the requirements 
ot 43 CPR Part 3250. 

(b) A permit to construct and oper­
ate an on· lease research and demon­
stration facility (involvi..."g one or more 
wells) for an electrical generating 
plant o! not more than 20·megawatt 
net opacity, includlnil: necessary relat­
ed on-lease transmission facilities or 
substat!cns in which power generated 
may be dissi;:lated Into a dummy load 
or similar deviee or sold for beneficial 
use. must be obtained from the Super· 
visor prior to cO!lUIleneing any surface 
disturbing activities relat~d to the con­
struction or o;>eration of each on,lease 
research and demonstration facility. 
Applications submitted to the supervi­
sor for a permit to corutruct and opel" 
ate an on-Ieue research and demon­
stration facll1ty sh:ill be filed in tripli­
cate and shall oe -aGccmpanied by a 
plan ot utilization as rt'quired by 30 
CPR 270,34-1. Any pennit issued shall 
be [or lI. term o{ not more than 5 years. 

,Perm.its granted under this subsection 
~ill satisfy the requirements 0' 43 
crn Part 3::50. However, the contin­
ued beneficial use of an on-lease re­
search and demonstration facility 
beyond the term provided by !\ pennit, 
or the con\'ersion of the fl>C\lity to a. 
power plant facility a.t any time during 
the permit periOd. will require that a 
license 1::e obtained from the Autho­
rized OfIlcer pursuo..nt to 43 CPR Part 
3250, 

(c) The siting of a power plant faclli· 
ty. ot.her tho..n as provided In (a) or (b) 
o[ this sfX:tlon. will require a llcense 
L~ucd by the AuthoriZl'd Of!lcer pur· 
sunnt to 43 crn Part 3::50, A permit 
to construct and operate a. p~wer pl3Jlt 
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r 
tac!llty licensed under provfs!or.3 of 43 
crn Part 3250 must also be obtained 
from the Supen-isor prior to com­
mencing any surface disturbing activi­
ties related to the construction or op. 
eratlon at the [aciHty_ The application 
tor a pennit shall be !iled 1n triplicate 
with the Supervisor. 

(d) Each application !!led with the 
SuperVtsor lor a. pennlt to construct 
and operate a faCilitY, as set !o:th In 
(a). (b), or (cl of this section. shall spe· 
ciflcally IdentiI:l the type at (acility 
contemplated. the method oC oper· 
ation. and shall L"lclu::le: 

(l) Designs. plar..s, and spectfication$ 
for all 1!:npro\,ements to be cor.stucted 
or located at the Prlnc!pai facility site­
and at related facUity sites in sufii· 
cient detail to permJt a technical 
review ter the purpOSO oC determir.ing 
that operational and desi€'Tl safety lac­
tor:! are adequate and that t!1ere will 
l:le compliance ~ith all applicul:lle regu· 
latory requl:'ements: 

(2) An operating pla.'l for the facility 
setting forth the procedures and stnn­
<lards pursuant to which the lacility 
"'ill l:le operated; 

(3) The m:umer of metering facility 
Input and output to aeterti'1e plant 
per!ormance and, when appropriate. 
to assure the proper calculation ot tho 
royalty value due; 

('i) A schedule lor the installation 
and pre·startup of the generat1ng 
units or other facilities and. if app][ca.· 
ble. for the commencement ot oper­
ations for the cOI:".m~rcial production 
of geothermal resources; and 

(5) Any additional pertinent infor­
matIon or data Which the Su?eni.~or 
ma.y require for the proper consider­
ation of the app lic.ation. 
. (el Except as permitted l:ly the lease 

access provisions. off·lease transmis­
sion fa.cilities (li."les and substatioI"..s) 
and roads or pipelines located on Ped· 
eral surface. shall require appropriate 
permits issued by the Authorized om. 
eer pursuant to 43 crn Part 3250 or 
other applicable regulations, 

(!) When the construction and opel'. 
atlon of a facility requires licensing or 
permitting by other Fedenl or State 
agencies prior to the commencement 
of these activities. three copies ot each 
such permlt anel/or licer.se shall be 
liubmitted. 

10. By adding after § 270.74 a new 
sul:lsection § 270,7;·1 to read: 

§ %10,U·l Month/yrepart or (aeility oper. 
ation&. 

A report of operations [or each Ind!. 
vtdual ..... ell facility, research :md demo 
onstration facility, or power plant (a. 
cilley. must be m!\de by the facility op­
erator tor each cail!ndar month begin. , 
ning ~ith the month in which oper· 
atlons are first commenced. The 
report must be tiled In dupllc:lte ~:tth 
the Supen-Lsor on or before the IMt 
dny ot the month tollowtng the month 

PROPOSED RULES 

[or whIch the rep<xt Is !!led, unless an 
extensIon o( tIme for !lHng is sped!!· 
cally grnnted by the Supen'isor In 
writIng. 

(a) For each elcctrlcal pO':l:er genera· 
tlon faclllty, the rt';,)ort sl1:111 show lor 
each calendar month: 

(1) The j,:i1.SC sl'rtal number(s) or the 
unIt or cotnmun!t!z:ltlon agreement 
number co.-erin;: the lamb from 7 .. hlch 
the stl!am or 7 .. at!!r v.as produced and 
utilized- in the p;Jwer pl?.r.t: 

(2) The number of kilowatt hOUr:! 
(gross and net output) ot electricity 
generated during such r:lonth and the 
\'alue; 

(3) The quantitlcs (mass) of geother­
mal !luid3 entering the plant and the 
a~'erage intake temperature and pres­
sure: 

(4) The quantity oC v,'ater utilized 
from sources other than the produced 
geothermal resources: 

(5) The total qu:mtities (mass), te:n~ 
perature. a."d pr~ssure oi the plant ef· 
fluent (waste wacer): and 

(6) A detailed statement as to the 
_ reason or reasons lor an:,r suspel'..sion 
ot electric power generation during 
the month. 

Non.-tt hM be<!n determ!.:led that the 
reviiioll o{ Title 30 ern P~t ::70 d~5 not 
constitute & major F.d~ral action sii!lltl· 
caneiy ai!ecting ~he q\lali_,' ot the human 
envi.ronroent wlthin t.~e r::eMlng ot S~ction 
102Cl)(C} ot t!'le NatIonal EnvironmeJlcal 
Policy Act ot 1909 (83 Stat. 852). 

Uon:.-Tl\e Dep::..rtm~nt o{ the Interior 
bas determined that thcs do<:ument does not 
contal.n Ii EllalOr P~v~osal requiring the 
prellaratlon ot an fn{l:!.t!on Im~act State­
ment under ExecuU\'e Order 118:!1 and 
OMB ClrculD.r A-I07. 

Dated: January 24. 1978. 

CxqI. D. ANDRUS. 
Secretarv. 

en Doc. 78-2784 Filed 1-31-78; 8:45 &Ql 
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ENVIRONMENT At PROTECTION 
AGENCY 

(<44 eflt Port 52] 

[FRL 8~O-1l 

APPROVAL ANO 'ltOMULGATIOH OF 
IMPL£MtHTATlON PUSS 

Itevblon. 10 the l .... p .. 'lol County Ai, Pollutfon 
c:..nttol Dlstrlef', lui., and lellulo!lon, [., 
Slot. .f Co;:/","io -

AGENCY: Envtronmental Protection 
Agency, 
ACTION: Notice ot PrOPosed Rule­
making. 
SUM!>f.ARY: Rl'\-f.~fo:,..1 to the Imperial 
Coun:y Air Pollution Control Dis. 
trtct'3 (APCD) rult':\ and r,'Kulations 
have been submf::N to the Emiron. 
mental Protectlo:! A~"ncy (F.PA) by 
the California ,\Ir H"MIUfCC:I Board (or 

4267 

the purpose oC revising the Callfornla. 
State Implementation Plan (SIP). The 
intended elfect oC these reviSions fs to 
upd:He the rules and regulatIons and 
to correct deficiencies In the SIP. The 
EPA Invltcs public comments on these 
rull's, e:;peci:ll!y as to thelr consistency 
with the Clean Air Act. 
DATE: Comments may be submitted 
up to ~farch 3. 1978. 

ADDRESS: Comments may be sent to: 
Reglon::!l AdminLstrator. Attn;-Air a.nd 
Hazaruo\l.'I Materials Divison. Ai: Pro. 
grams Dr~nch. California SIP Section 
(A-H. Envirorunental Protection 
Ager.c~'. Re!,'lon IX. 215 Fremont 
Street. San Francisco. Call!. 94105. 

Copies of the proposed revisions are 
s.~a.uable for public Inspection during 
normal business hours at the EPA 
Region IX Office at the above address 
and at the following loca.tions: Imperi· 
al County AII' PoUution Control Dis· 
trict. 940 West Main Street. I:;l Ce:}tro, 
Calif. 95314: Puhllc Information Ref­
erence Unit. Room 2922 (EPA LJ· 
brary). 401 M Street SW ~ Washington. 
D.C.2()460, 

FOR FURTHER INFOR.'t!ATION 
CONTACT: 

David R. Souten. Chie!. Calliornia. 
SIP Section. EPA, Region rx. 415-
556-7233. 

SUPPLEMENTA.-'<?Y INFORV.ATION: 
The CaliIornia Air Resources Board 
submitted the follo\vi.."g rules and reg­
ulations on No\'ember 4. 1977: 

RDroUnOlf I-GDII:lI.U, PRon.:n:Oll'S 

Rule 
lOG-TItle. 

, l01--Dc!i.'tltlon.s. 
102-PubUc Records •. 
103-II'~tlon ot Public Records. 
104-Vlolatlons.. 
lO5-Eruorcement. 
1M-Abatement. 
107-L..'\nd Use. 
lO6-Inst;~tlo".3. 
lO9-SQurce S<lmpUng. 
1l0-5tack MUlIlturlng, 
113-Clrcurnvencion_ 
114-Seven.bility Cilluse. 
115-Le"al Applicatloa.. 

RXGtTLalOIf IIl-Fa::s 

30t-Pennit F~ 
302-Pee Schedules. 
303-AnI!.Ylsis }·ees. 
304-Technlcal Reportll-Ch.&r(es For. 
30S-Hearln~ Boud Fe1!s. ' 

REClTUTtOIf IV-PlIoHlIrnolfs 

401-opaclty ot EmIssions.. 
402-E:)(ceptlon.s. 
403-QuanUty of E:mwloM. 
i04-Du.st and Fum~j_ 
iO$-Sultur Com pound.5. 
40S-0l0:p0.ss.l ot Solld &lid UCluid w .... te:s. 
407-Nulsa.nces. 
-lOS-Frost ProtecUon &lid Orehard H,a~r:s.. 
-I09-lncinerators. 
HO-Scs.~enl!er I'lant3. 
4U-Sul!ur n<'Co\~ry Unlt3. 
H2-Sul!ur Acid Unlt3. 
4l3-St.on~e ot Petroleum .l'l'oduct&. 
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APPENDIX D 

SOIL DESCRIPTIONS 





ca-carsitas gravelq eand, 0 to 5 percent slopes 

RPZ 
9-75 

This is a deep, excessively drained soil on alluvial fans, beach ridges, 

and wash bottoms at elevations of 200 to -230 feet. It formed in mixed 

alluvial materials weathered from granitic and metaQorphic rocks. 

Included in this unit in rr.a.pping are snall areas of Carsitas soils with 

short slopes of 5 to 15 percent. About 125 acres of a wet phase of Carsitas 

gravelly sand, west of Niland, is included in this unit. other inclusions 

are areas of Rositas eand (10 porcent), sandy soils with more than 35 percent 

gravel by volume (10 percent), Niland sand (5 percent), superstition loamy 

fine sand (3 percent) and Antho* loamy fine sand (2 percent). A few ~ll 

areas of sandy cobbly, stony, or very stony soils are included. In the 

].ower Borrego Valley area this unit adjoins a similar soil mapped in san Diego 

County, carrizo very gravelly sani, 0 to 9 percent slopes. The area ft'here 

these soils join is a transition zone frem gravelly to very gravelly sands, 

and the small areas of very gravelly sands on the Imperial County side are 

mapping inclusions in the carsitas gravelly sand. 

Typically the surface layer is a p}.nk gravelly sand about 10 inches thick. 

The underlying material is stratified very pale bro'lolll Band, coarse sand, 

gravelly sand, and gravelly coarse sand to a depth of 68 mcMs. 

Permeability is rapid. Available water capacity is about 3 inches in an 

approximate rooting depth of fj) inches. Runoff is slow with a slight erosion 

hazard. 

This soil is used as a source of sam. Some of the very gravelly inclusions 

in this unit are a source of gravel. 

*T~xadjunct to the series 



RPZ 
9-75 

This soil is also used for desert recreation. It has low potential 

for desert wildlife habitat because of very sparse growth of shrubs and 

herbaceous plants. 

This soil has some potential for deep rooted, high value crops such 

as grapes and citrus. Special irrigution methods such as sprinklers or 

drip emitters would be needed to apply water efficiently to this sar~y 

droughty soil. Frequent irriga.tion would be needed during the hot s1..llIU1ler 

months. Occasional leaching water applications might be needed to prevent 

salt accumulation. If high water tables built up under irrigation, tile 

drainage would be needed. potassium should be adequate, but nitrogen and 

phosph3.te fertilizers would be needed for good plant growth. Barnyard 

manure or other organic ma.t ter improvES the mois ture and nutrient holdiI".g 

ability of this sandy, droughty soil. Some areas may reve a flood hazard, 

This soil has potenti31 for homesite and urban uses. Sandy soil 

material and rapid permeability are basic features that affect use, House 

slabs and footL~s should be designed to compensate for the low bearing 

strength of this soil. Desert plants and other drought tolerent species 

are best adapted for landscaping. Septic tank adsorbtion fields should 

work well, but cont~~t10n of the ground water is possible in this 

rapidly permeable soil. Some areas ma.y have a flood hazard. 

Capability unit IVs4, irrigated 
VIlIs 1, dryland 

, . 



Vi - Ifint loamy fine sandt wet 

RPZ 
9-75 

This is a. deep soil with slopes of 0 to 2 percent on basin floors and 

flood plains at elevations of 35 feet above to 230 below sea level. It 
, 

formed in alluvial and aeolian sediments from diverse sources. Irrigation 

has caused perched water tables at depths of J6 to 60 inches. The water 

table may rise to within 18 inches of the surface during periods of heavy 

irrigation. 

This unit includes some Vint soils with loam, v&'y fine sandy loam 

and fine sandy loam surface textures (10 percent). Also included with this 

unit in mapping are Rositas fine sand, wet, 0 to 2 percent slopes (10 per­

cent),'Indio logm, wet, (10 percent) and Meloland very fine sandy loam, wet 

(5 percent). 

Typically the profile to a derth of 60 inches is stratified li~ht brown 

and pink loamy fine sand with severol thin lenses of heavy silt loam at 

depths between 10 and 40 inches. 

Permeability is moderately rapid. liunoff from bare soil is slow "a th 

a slight erosion hazard. Unprotected surface soil has a slight wind erosion 

hazard, with some abr<lsion hazard to young plants. Available water capacity 

is about 5.5 inches for a rooting depth of 60 inches. 

This unit is used for all climatically suited field crops, veGetable 

crops, and citrus. These soils are preferred for carrots and onions, 

because the roots can be cleaned easily. All crops but legumes respond to 

nitrogen fertilization. Frequent, light nitro~en anolications are best for 

this easily leached soil. Some crops respond to ~hosphorus. Potassium is 

adequate. 



Vi - Vint loamy fbe sand, wet (Cont'd) 

HPZ 
9-75 

Sprinkler and drip irrigation are the most efficient means of watering 

crops on this sandy soil. Because of raPid water intake rates, surface ir-

rigation in borders and furrows requires runs of about 300 feet, high heads 

of water, and slopes of about .003 for efficient water application. Fidely 

spaced tile drains are needed to prevent high water tables and provide leach­

ing outlets for salinity control. 

This soil has potential for use as home sites and urban areas. The 

san~ texture of the soil ~ld high water tables are basic features that 

affect use. House slabs and footings need to be designed with enough strength 

to compensate for the low bearing strength of this soil. I-Ietal should be 

protected from contact with corrosive soil moisture. Drainage may be needed 

to maintain salt sensitive landscaping plants. 

Problems are likely with septic tank absorption fields because of high 

water tables, and possible contamination of groundwater f:om septic tank 

effluent in this permeable soil. Tile drainage can help reduce and prevent 

water table problems, but obstacles to tile installation and poor access to 

outlets are the COl'!lii.on case in built up areas. Tile and absorption fields 

should be designed so that septic effluent is filtered through several feet 

of soil before it can enter the tile drain. A central se,"'age system is best 

for homes on this soil. 

This soil is too permeable to be a good material for water impotmdment 

construction. PondS and reservoirs on this soil need an impervious lining 

to prevent seepage. 



Vi - Vint loamy fine sand, wet (Cont Id) 

RPZ 
9-75 

This soil has potential for cottontail, jackrabbit, California quail, 

morning dove, and ringneck pheasant. They obtain their food primarily 

from cropland. Idle areas support shrubs of creosote bush, wingscale, 

paleleaf goldenbush, arr~~weed and mesquite which provide cover or food. 

~~ere water tables are close to the surface, excavated ponds can be managed 

for wetland wildlife habitat. 

CapabUity unit IIwll, irrigated 



NV - Niland* loamy fine sand 

RPZ 
9-75 

This is a deep, well or moderately well drained soil with slopes of 0 

to 2 percent on the low terrace sediments of the Imperial East and ~iest' Mesas. 

at elevations of 35 to 300 feet. This soil shows more evidence- of soil 

forming processess than the Niland gravelly sand, wet, described as repre-

sentative for the series. A good desert pavement with desert. varnish covers 

the surface of some (but not all)· areas. Most areas have a thin, weak vesicul r 

crust. Soft lime segregations are for.med above and within the clayey lower 

portion of the 10 to 40 inch depth zone. In some places the clayey substrata 

are tilted from the plane of the present surface. 

This unit includes Niland* soils with surface textures ranging from 

loamy fine sand to gravelly sand, with loamy fine sand the most common. 

Included with this soil in mapping are areas of Glamis soils. ( 10 percent), 

areas of Imper:i...a.l* soils with lime segregations in the upper 40 inches (5 per­

cent), Superstition soils 'with fine textured substrata (5 percent), and Rositas-,,' 

soils with lime segregations in the upper 40 inches (3 percent). A few areas 

with short slopes of 2 to 5 percent are included. 

Typically the surface layer is very pale brown loamy fine sand about 2 

inches thick. The next layers are stratified, crossbedded) reddish yellow sand, 

loamy sand, gravelly coarse sand, and loamy coarse sand about 23 inches thick. 

The deeper underlying layers are pink, heavy silty clay loam to a depth of 60 

inches. The silty clay loam strata are saline and contain 7 to 10 percent by 

volume of soft lime segregations. 

Permeability is slow. Available water capacity is about 8 inches in an 

effective rooting depth of 60 inches. Runoff from bare soil is slow with a 

slight erosion hazard. Bare, dry soil r.a.s a slight wind erosion hazard .... /ith 

;"l'axadjunct to the series. 



NV - Nilan::i .,:- loamy fine sand ( Cont I d) 

an ~brasion hazard to young plants. 

HPZ 
9-75 

This unit is used for desert recreation and milita~J ordnan~e impact 

areas. It has a low potential for desert wildlife habitat because of sparse 

vegetation. 

The soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality water. Sprinkler or drip irrigation 

systems will apply water more efficiently to this sandy soil than border or 

furrow irrigation. Land smoothing will be needed to prepare the ground for 

sprinkler or drip irrigation. Where border and furrow irrigation is used 
runs 

on this unit, slopes of .C02 to .003,/of about 400 feet,._'and large heads of 

water are best for efficient water use. Land leveling is necessary for 

efficient border or furrow irrigation. Land leveling on slopes greater than 

.003 tends to concentrate the sandy surface materials on the downhill side of 

the fields and expose silty clay materials on the uphill side, giving greatly 

different water intake rates on different portions of the same field. The 

silty clay substrata are saline in many areas and may require considerable 

leaching before exposed areas are productive. The slowly permeable substrata 

make closely spaced tile lines a necessity for adequate drainage and leaching 

outlets" and the maintenance of a favorable salt balance. 

Thissoil is suited to field,crops, but because of:anaerobic conditions 

and perched water tables at the top of the saline substrata after irrigation, 

shallow rooted salt tolerant crops are best adapted. Alfalfa stands would be 

difficult to maintain, due to the slo\,/17 permeable substrata and perched water 

tables. Irrigated pasture grasses are a potential use. All crops but legumes 

respond to nitrogen fertilization. Some crops respond to phosphate. 

*Tax.adjunct to the series. 



NV - Ni1a.nd~· loamy fine sand (Cont'd) 

Pota:saium is adequate. 

RPZ 
9-75 

This' soil has potential for hoIte sites and urban us es. Sandy surfaces, 

clayey, slovJly penneable subsurface layers, and salinity are basic features 

that affect use. House slabs and footings should be designed to compensate 

for the low bearing strength of the sandy surface layers. If the clayey 

subsurface layers are exposed, house slabs need to be designed with extra 

strength to withstand the stresses of shrinking and swelling. Irrigation ~ 

the area frequently enough to maintain a constant moisture level in the soil 

will help reduce shrink 'and swelling stress froin the clayey subsurface layers. 

Concrete in contact with the soil should be a denae mix made with a sulphate 

resistant type of cement. Metal should be protected from contact with this 

corrosive soil. Salt tolerant plants are best suited for landscaping. 

Problems may arise with septic tank absorption fields because of slow 
and' 

permeability/development of perched water tables. Tile drainage can help 

reduce and prevent i'later table problems, but obstacles to tile installation 

and poor access to outlets are the common case in built up areas. Tile and 

absorption fields should be designed so that septic effluent is filtered 

through several feet of soil before it can enter the tile drain. Extra 

length of septic tank absorption lines can help compensate for the slow 

permeability. A central sewage system is the best for homes on these soils. 

'~axadjunct to the series. 



NV - Niland~' loamy fine sand (Cont r d) 

RPZ 
9-75 

. With proper construction methods, this soil is suited to water impoundment 

areas such as reservoirs and fish ponds. The samy Popper layers of the soil 

must be excavated to the clayey substrata which are satisfactory floor material 

for ponds. If the sandy layers are mixed "\-lith the clayey substrata, and 

compacted, they can be used for embankments. Permeable strata and crack 

fillings exposed in excavation should be sealed to rrevent excessive seepage. 

Large'ponds need bank protection by vegetation such as bermuda grass or joint 

grass or by rip-rap to prevent wave erosion during windy periods. 

If irrigated, this soil has potential for cottontail, jackrabbit, 

California quail, mourning dove, and ringneck pheasant. They obtain their 

food primarily from cropland. These soils can be ponded and managed as 

wetland habitat for ducks, geese and other wetland wildlife. The borders 

for sb..a.llo,." impoUndments should be dug dO\ffi to and mixed vlith the clayey 

substrata to prevent excessive lateral seepage. They can be planted to 

alkali bulrush or watergrass, or can be drained, planted to small grain, 

and flooded again for waterfo,."l feeding areas. 

Capability unit I1Is3, irrigated 
Vllls1, dryland 

/ 

*Taxadjunct to the series 



GF - Holt ville-lf. loam 

RPZ 
9-75 

This· a deep, well drained soil with nearly level slopes on low terraces 

at elevations from 30 to 200 feet. It formed in alluvial or lacustrine 

sediments of mixed sources. 

About half of the Holtville* soils in this unit have a surface cover of 

windbloWn sand from 1 to 10 inches thick.. About 10 percent of these Holtville* 

soils have a surface texture of silty clay loam or silty clay. Included with 

this unit in mapping are Antho-if. soils i-lith lenses of silty clay or silty clay 

loam at depths between 10 to 40 inches (about 10 percent of this unit). Antho' 

soils with silty clay surfaces are'about 5 percent. Also included in this 

unit are areas of Imperial* soils (10 percent), Laveen soils (2 percent) and 

Superstition soils (2 percent). 

Typically the surface layers are light brmln loam about 7 inches thick, 

over pink silt lOalD.,about 7 inches thick. The underlying material is a 

reddish broM1. clay about 8 inches thick. The substratum below 22 inches is 

a light brown very fine sandy loam to a depth of 60 inches. The soil profile 

contains about 3 percent by volume of soft lime segregations that tend to 

diminish with depth. 

Permeability is slow. Runoff is slow with a slight ha~rd of water and 

wind erosion. Available water capacity is about 10 inches in the assumed 

rooting depth of 60 inches. 

This soil is used for desert recreation. It has poor potential for dese~ 

wildlife habitat because it is nearly barren of vegetation. 



- 2 -.. 
RPZ 
9-75 

This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality water. I.a.nd leveling would be needed 

to prepare the ground for border or furrow irrigation. Land leveling with 

deep cuts and fills may radically change the properties of this stratified 

soil. Land smoothing would be needed before sprinkler irrigation. An 

initial leaching for toxic salt reduction would be needed on most areas. 

If perched water tables were created by irrigation, moderately spaced tile 

drainage would become necessary. This soil is suited to general field and 

vegetable crops, but slow permeability and poor aeration immediately after 

irrigation make it only marginally suited to citrus. Incorporation of 

barnyard manure and crop residues improve the tilth of the easily compacted 

surface layers. Potassi~ is adequate for all crops. Some crops show a 

response to. phosphorus. Nitrogen requirements of all crops, except legumes, 

must be supplied in fertilizer. 

Irrigation methods suitable for this soil are borders, furrows, cor-

rugations, and sprinklers. For surface irrigation, fields should be leveled 

to a grade about .002 to allow ample opportunity time without ponding. Slow 

movement of i'later through the clayey layer in the profile makes careful ir-

rigation management necessary for good water penetration and leaching of 

soluble salts. Ripping and subsoiling would be effective in improving water 

penetration in this soil. 

This soil has potential for home sites and urban areas despite its many 

limitations. Dustiness of dry, unprotected surfaces, slaw permeability, high 

clay content of some soil layers and salinity are basic features that affect 

use. House slabs need to be designed with extra strength to withstand the 



- 3 -

stresses of shrinking and swelling and to compensate for the low bearing 

strength of this soil. Other measures that help reduce stress to house 

slabs are excavating the clayey soil layers and backfilling the base area 

with compacted later of nonplastic soil, and irrigating the area frequently 

enough to maintain a constant moisture level L~ the soil. Concrete in 

contact with the soil should be a dense mix made with a sulphate resistant 

type of cement. Metal should be protected from contact with this corrosive 

soil. Plants which are not salt sensitive are best suited for landscaping. 

Problems are likely with septic tank adsorbtion fields because of ·sloy.1 

permeability of the clayey layers of the soiL water tables may develop 

under heavy use. Permeability problems can be overcome in most areas by 

excavating filter field trenches to depths below the clayey soil layers. 

Tile drainage can help reduce and prevent water table problems, but obstacles 

to tile installation and poor access to outlets are the common case in built 

up areas, Tile and adsorbtion fields should be designed so that septic ef-

fluent is filtered through several feet of soil before it can enter the tile 

drain. 

The' pe~eable layers below the clayey layers are a construction problem 

for water impoundment areas such as reservoirs and fish ponds. However, 

where the clayey soil layers are thick enough, they can be excavated, stock-

piled, and used to line pond excavations. The embankments of large water 

areas need protection such as rip-rap or vegetation such as bermuda grass or 

joint grass to prevent wave erosion. 

Capability unit IIs3, irrigated 
Vlllsl, d~Jland 

-q'axadjunct to the series 



RPZ 
9-75 

ON: - Holtville*-Imperial~silty clay loams, 0 to 2 percent slopes 

'These soils are on the low terrace surfaces of the Imperial East Mesa at 

elevations between 30 and 200 feet. The Holtville* and Imperial* soils occur 

together in an unpredictable pattern. The Holtville* silty clay loam is 

about 40 percent of the unit, and the Imperiali-!. silty clay loam a.bout 30 per-

cent. Included with these soils in mapping are soils with a silty clay loam 

or clay loam profile containing a few lime segregations (about 10 percent of 

the unit), stratified soils with a silt loam over silty clay profile with 

lime segregations (about 10 percent), Antho* soils (about 5 percent) and 

Niland* loamy fine sand (about 5 percent). Many areas of this unit are 

moderately saline. 

The Holtville* soil is a deep, well drained soil. It formed in alluvial 

or lacustrine sediments of mixed sources. 

Typically the surface layers are light brown silty clay loam about 10 

inches thick. The underlying material is a reddish brolVIl clay ~bout 12 inches 

thick. The layer below 22 inches is a light brown very fine samy loam to a 

depth of 40 inches. 
!lye 

Deeper soil layers.\stratified pink silty clay and light 

brown silt loam to a depth of 60 inches. The soil profile contains about 3 

percent by volume of soft lime segregations that tend to diminish with depth. 

Permeability is slow. Available water capacity is about 10 inches for 

an estimated rooting depth of 60 inches. surface runoff is slo\'1, and the 

erosion hazard is slight. 

The Imperial* soil is a deep moderately well drained soil. It forms in 

clayey sediments from mixed sources. 
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RPZ 
9-75 

Typically the surface layer is a pink silty clay loam about 12 inches 

thi~~., The underlying layers are stratified pink heavy silty clay loam and 

silty clay to a depth of 60 inches. An appearance of platy structure is the 

result of stratified~osition. Efflorescenses of gypsum and brown stains 

are common in the cracks and pores. The profile contains about 1 percent 

by volume of soft lime segregations, which is not a feature of other Imperial 

soils. 

Permeability is slow. Available water capacity is, about 8.0 inches, 

assuming a 60 inch rooting depth and an average salinity of 6 millimhos. 

Runoff is Slovl, and erosion hazard is slight .. 

These soils are used for desert recreation, but have 10,\,1 potential for 

desert wildlife habitat because of vert! sparse plant growth. They have been 

used as a source of clayey materials for canal lining and for improving jeep 

trails in sandy areas. 

These soils are suited to water impoundment areaa~: and where water is 

available, have potential for use as reservoirs, fish ponds, and wetland 

wildlife management areas. Care must be taken to seal permeable layers 

exposed in pond excavations. Rip-rap or vegetation such as joint grass or 

bermuda grass is needed for bank protection from wave erosion on large water 

areas. 

These soils have potential for irrigated agriculture. Development 

depends On an adequate supply of good quality water. If this land is to 

be brought into cultivation, land smoothing for sprinkler irrigation or 

stake leveling for surface irrigation will be necessary. Initial leaching 
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RPZ 
9-75 

will usually be required to reduce soluble salts. If perched water tables 

develope, closely spaced tile drains will be needed, for salinity control 

and. to reduce high water tables. Because of the problems in maintaining 

a g?od salt balance, salt tolerent crops are best adapted. 

Irrigation methods suitable for these soils are borders, furrows, 

corrugations, and sprinklers. For surface irrigation, fields should be 

leveled to grades between .001 and .002 to allow maximum opportunity time 

without ponding. 

These soils have some potential for urban uses despite many limitations. 

Slow permeability, high clay content, salinity, and stresses of shrinking and 

swelling are basic features that affect use. Concrete in contact with the 

soil shou.;J..d be protected from contact with these corrosive soils.. . Salt 

tolerant plants are best suited for landscaping. Problems are likely with 

septic tank adsorbtion fields because of slow permeability. A central 

sewage system is the best for homes on these soils. 

Capability unit IIs3, irrigated 

Vlllsl, dryland 

~~axadjunct to the series 



TCE - Torriorthents and Orthids, 5 tl! 30 percent slopes 

RPZ 
9-75 

This unit is made up of deep, 'dell to excessively drained soils of 

terrace escarpments and old alluvial fans dissected by geologic erosion at 

elevations of 350 feet above to 200 feet below sea level. Local relief is 

less than 25 feet. The soils are formed in mixed, unconsolidated alluvial 

sediments. The unit is about 55 percent Torriorthents (soils with little 

or no profile develo.pment) and abo_ut 30 percent Orthids (soils with significant 

lime accumulation or other evidence of profile development). Delineated area~ 

of this unit may contain both, or only 1 of the major component kinds of soil 

are 
Included with this unit in mapping/some dissected areas of Superstition 

(about 10 percent) and Laveen soils (about 5 percent). Saline areas are 

common. This unit joins the San Diego County mapping unit, Sloping Gullied 

Land z and is used to delineate the same landscape along the County Line in 

Lower Borrego valley. About 120 acres of channeled Rositas soils with slopes 

of 1 to 5 percent are included with this unit in the Lo,,,er Borrego Valley are~ 

Permeability of the soils in this unit ranges from slow to rapid. There 

are no restrictions to root penetration to depths of 60 inches or more. 

Available vJater capacity may range from 3 to 10 inches. Runoff is rapid with 

a high erosion hazard. 

These soils are used for desert recreation. They have low potential for 

wildlife habitat because of very sparse vegetation. The soils are not suited 

to agriculture in their natural state. Development and reclamation for ir-

rigated agriculture is possible, but is not considered economically feasible. 

Limitations and potentials for homesite and urban uses can only be determined 

by on site investigation of the soil materials. 

Capability unit Vlllel 



Ro - Rositas fine sand, 0 to 2 percent slopes 

RPZ 
9-75 

This is a deep, somewhat excessively drained soil of flood plains, 

basins, and terraces at elevations of 300 feet above to 200 feet below sea 

level formed in alluvial or aeolian sands from diverse sources. Most bodies 

of this soil are on the Imperial East and west Mesas. 

About 25 percent of this unit is a soil like Rositas fine sand, but 

with a chroma of 3 (lower than the chroma allowed for the series). Inclusions 

of low dunes of Rositas fine sand with slopes of 2 to 9 percent make up about 

10 percent of this unit. About 10 percent of this unit is inclusions of 

Rositas loamy' fine sand*, 0 to 2 percent slopes. Other inclusions in this 

unit are Vint soils (10 percent), Meloland soils (5 percent) and Niland 

fine sand (5 percent). There are numerous small inclusions of Antho*, 

Gla.mi.s, and superstition soils in blowouts and swales. In the Lower Borrego 

Valley area, this unit adjoins the same unit in the San Diego county soil 

survey. 

Typically the profile to ad epth of 60 inches or more is a reddish 

yellow fine sand. 

Permeability is moderately rapid. Available water capacity is about 

4 inches in a rooting zone of 60 inches. Runoff from bare soil is slow and 

erosion hazard is slight. Wind erosion hazard from bare dry soil is slight 

or moderate with an abrasion hazard to young plants. 

This soil is used for desert recreation and desert wildlife habitat. 

Some areas of this soil support good stands of creosote bush and other shrubs 

including white bursage, ephedra, desert buckwheat, and mesquite which provide 

food and cover for rabbits, quail, and doves. 



Ro - Rositas fine sand, 0 to 2 percent slopes (Contrd) 

RPZ 
9-75 

This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality irrigation water. Land leveling or 

smoothing, and carefull irrigation design and management are needed for 

agricultural dev{;:lopment. Sprinkler and drip ilTigation are the most effici 1t 

means of watering crops on this sandy, droughty soil. Because of rapid water 

intake rates, surface irrigation in borders and furrQ\vs requires runs of 

about 250 feet, high water heads of water, and slopes of about .003 for 

efficient water ~pplication. Adequate irrigation system design is ve~l 

important because of the frequent irri~ations n'. eded on this droughty soil 

during the hot summer months. I1' water tables develop under irrigation, 

widely spaced tile drains can be installed to control such water tables and 

provide leaching outlets for salinity control. Protection from wind is 

helpful in many areas. 

This soil is suited to all cl~natically adapted crops i~cludinf, citrus. 

Incorporation of barnyard manures and crop residues improves the water and 

nutrient holding ability of this sandy, droughty soil. potassium is adequate 

but nitrogen must be added to n:eet the reauirements of all crops except· 

legumes. Some crops respond to phosphorus. 

This soil has potential for use as home sites and urban areas. The 

sandy texture of the soil material is the basic feature that affects use. 

House slabs and footings need to be designed with enough strength to compena G" 

for the low bearing strength of this soil. Metal should be protected from 

contact with corrosive soil moisture. Good irri~ation and fertilization 

programs are needed to maintain most clj~tically adapted landscaping plants 



Ro - Rositas fine sand, 0 to 2 percent slopes (Cont'd) 

RPZ 
9-75 

Septic tank absorption fields usually function well but there is a 

hazard of possible contamination of groundwater from septic tank effluent 

in this moderately' rapidly permeable soil. Widels' spaced tile drains help 

reduce water table problems that may develop under heavy use of septic tank 

absorption fields. Tile and abs~rption fields should be designed so that 

septic effluent is filtered through several feet of soil before it can enter 

the tile drain. 

This soil is too permeable to be a good material for water impoundment 

corustruction. Ponds and reservoirs on this soil need an impervious lining 

to prevent seepage. 

capability unit IIIs4, irrigated 
VIIIsl,dryland 



RoB -Rositas fine sand, 2 to 9 percent slopes 

RPZ 
9-75 

This is a deep, somewhat excessively drained soil of dune areas, sand 

hills, and alluvial fans, at elevations of 200 feet below to 350.feet above 

sea level. It is most common on the Imperial East Hesa and at the edges of 

the Algodones sand hills, but includes about 600 acres of smooth slopes on 

the \-rest edge of Superstition Mountains. 

About 25 percent of this unit is a soil like Rositas fine sand, but 

with achroma of 3 (lower than the chroma allowed for the series). About 10 

percent of the unit is inclusions of Rositas soils with slopes of less than 
are 

2 percent. Included with this soil in mapping! small interdune areas of 

Antho-)(o, Glamis, Indio, superstition, and Vint soils (about 10 percent, total)" 

About 400 acres of this soil on the west side of Superstition Mountain has 

spots with stony or cobbly surfaces (shawn by spot symbols). 

~JPical1y the profile to a depth of 60 inches or more is a reddish 

yellow fine sand. 

Permeability is moderately rapid. Available water capacity is about 

4 inches for a rooting depth of 60 inches. Runoff from bare soil is slow 

and erosion hs.zard is slight. ~'iind erosion hazard from bare dry soil is 

slight or moderate with an abrasion hazard to young plants. 

This soil is used for desert recreation and desert wildlife habitat. 

Some areas of this soil support good stands of creosote bush and other shrubs 

including white bursage, ephedra, desert buckwheat and mesquite which provide 

food or cover for rabbits, quail, and doves. 



RoB - Rositas fine sand, 2 to 9 perc~nt slopes (Cont'd) 

RPZ 
9-75 

This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality irrigation water. Considerable land 

smoothing is needed for agricultural development, especially in'dune areas. 

Sprinkler and drip irrigation are the most efficient means of watering crops 

on this sloping sandy, droughty soil. Adequate irrigation system design is 

very important because of. the frequent irrigations needed on this droughty 

soil during the hot summer months. If water tables develop under irrigation, 

widely spaced tile drains can be installed to control such water tables and 

provide leaching outlets for salinity control. Protection from wind is 

important on most areas to prevent soil movement and plant abrasion. 

This soil is suited to all climatically adapted crops including 'citrus. 

Incorporation of barnyard manures and crop 'residues improves the water and 

nutrient holding ability of this sandy, droughty soil. Potassium is adequate 

but nitrogen must be added to meet the requirements of all crops except 

legumes. Some crops respond to phosphorus. 

This soil ha's potential for use as home sites and urban areas. Sandy 

texture of the soil material is the basic feature.that affects use. House 

slabs and footings need to be designed with enough strength to compensate for 

the 10vl bearing strength of this soil. Wind breaks are needed in most areas 

to prevent encroachment and damage from blo'idng sand. Metal should be proteced 

from contact with corrosive soil moisture. Good irrigation and fertilization 

programs are needed to maintain most climatically adapted landscaping plants. 



RoB - Rositas fine sand, 2 to 9 percent slopes (contrd) 

RPZ 
9-75 

Septic tank absorption fi elds should function well but there is a hazard 

of- possible contamination of groundwater from septic tank effluent in this 

moderately rapidly permeable soil. Absorption fields on slopes greater 

than 8 percent need careful design to prevent downslope seepage. Widely 

spaced tile drainage can help reduce water table problems, that may develop 

under heavy use of septic tank absorption fields. Tile and absorption 

fields should be designed. so that septic effluent is filtered through 

several feet of soil before it can enter the tile dra.in. 

Capability unit 111s4, irrigated 
Viiis1, dryland 



RM - Rositas silt loam, 0 to 2 percent slopes 

RPZ 
9-75 

This is a deep, somewhat ~~cessively drained soil of flood plains, 

basins, and terraces at elevations of 35 to 300 feet. It is formed in 

alluvial or aeolian materials from diverse sources. Most bodies of this 

soil are on the Imperial East and west Mesas. 

Aqout 25 ·percent of this unit are soils similar to Rositas soils but 

duller in color (chromof 3). In some areas the silty surface is gray. 

In some patchy areas a few inches of sand have blown over the silty surface. 

Included are small areas of Rositas soils with a silt crust over a platy 

fine sandy loam surface layer. A few small areas of soils similar to 

Rositas silt loam, but with 1 to 5 percent of soft masses of lime in the 

profile are included. Included with this unit in mapping are areas ·of 

Vint silt loam (about 20 percent). Also included are Rositas soils with 

surface textures of clay loam, sandy clay loam, or fine sandy loam (5-percent), 

and Meloland fine sand (5 percent). Scattered coppice dunes of Rositas fine 

sand cover about 3 percent of some areas of this unit. 

Typically the surface layer is a pinkish gray silt loam about 12 inches 

thick. The underlying layers to a depth of 60 inches or more are reddish 

yellow fine sand. 

Permeability is moderately slow. Available water capacity is about 

5.5 inches for a rooting depth of 60 inches. Runoff from bare soil is slow 

with a slight water erosion hazard and a moder~te wind erosion hazard. 

This soil is used for desert recreation. It has a low potential for 

desert wildlife habitat because of very sparse vegetation. 

. J. LEi CS&. __ ••. 



.lli1 - Rositas silt loam, 0 to 2 percen~ slopes (Cont'd) 

RPZ 
9-75 

'This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality water. Land leveling would be needed 

to prepare the ground for border or furrow irrigation~ Land leveling would 

radically change the characteristics of this soil if the sandy substrata were 

exposed. Land smoothing would be needed before sprinkler or drip irrigation. 

An initial leaching for toxic salt reduction is needed on some areas. For 

surface irrigation, field slope should be about .002 and runs should not 

be longer than i mile. If perched water tables develop under irrigation, 

they can easily be controlled by widely spaced tile drains. Protection 

from the wind may be helpful in some areas. 

This soil is suited to all climatically adapted crops including citrus. 

Incorporation of ba~ard manures and crop residues helps maintain good 

tilth and improves water intake of the easily compacted surface layer. Pota~ 

sium is adequate but nitrogen must be added to meet the requirements of all 

crops except legumes. ·Some crops respond to phosphorus. 

This soil has potential for,use as home sites and urban areas. Dustine~ 

of dry, unprotected surfaces, and sandy texture of the subsurface layers are 

basic features that affect use. House slabs and footings need to be designee 

with enough strength to compensate for the 10vl bearing strength of this soil. 

Metal should ~e protected from contact with corrosive soil moisture. Most 

______ -=c_1imaticaU.Y_a,cia,ptecLPJ~,n.t.§.3.r~_sJ.J.j.t_ed_J'o~ lanq.scapingL .. __ . ________ _ 

_ Septic tank absorption fields should function well but there is a 

hazard of possible contamination of groundwater from septic tank effluent 

in the permeable subsurface layers. If perched water tables build up under 



RM - Rositas silt loam, 0 to 2 percent slopes (Cont1d) 

RPZ 
9-75 

heavy use of absorption fields, widely spaced tile drains can relieve the 

problem, ·but obstacles to tile installation and poor access to outlets 

are often the common case in built up areas. Tile and absorption fields 

should be designed so that septic effluent is filtered through several 

feet of soil before it can enter the tile drain. 

This soil is too penneable to be a good material for water impoundment 

construction. Ponds and reservoirs on this soil need an imprevious lining 

to prevent seepage. 

Capability unit IIe1, irrigated 
VIlle 1, dryland 



Rp - Rositas fine sand, wet, 0 to 2 percent slopes (Cont1d) 

RPZ 
9-75 

This soil is used for and suited to all climatically adapted crops 

including citrus. It is a preferred soil for spring melons because it warms 

up quic.'k;ly. The soil washes easily from carrots and onions. Incorporation 

of barnyard manures and crop residues improves the water and nutrient holding 

ability of this sandy, droughty soil. potassium is adequate but nitrogen ll1L ~ 

be added to meet the requirements of all crops except legumes. Some crops 

respond to phosphorus. 

Sprinkler and drip irrigation are the most efficient means of watering 

crops on this saray, droughty soil. Because. of rapid water intake rates, 

surface irrigation in borders and furrOlofs requires runs of about 250 feet, 

high heads of water, and slopes of about .003 for efficient water application. 

Adequate irrigat~on system design is very important because of the frequent 

irrigations needed on this droughty soil during the hot summer months. Widely 

spaced tile drains are needed to prevent high water tables and provide leach g 

outlets for salinity control. 

The soil has potential- for use as home sites and urban areas. Sandy 

te::ct.ure of the soil and high water tables are basic features that affect 

use. House slabs and footings need to be designed with enough strength to 

compensate for the low bearing strength of this soil. Metal should be 

protected from contact with corrosive soil moisture. Drainage may be needed 

to maintain salt sensitive landscaping plants. 

Problems are likely with septic tank absorption fie.1ds because of high 

water tables, and possible contamination of groundwater from septic tank 

effluent in this permeable soil. Tile drainage helps reduce and prevent 

water table pr;'blems, but obstacles to tile installition and poor access to 
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Rp - Rositas fine sand, wet, 0 to 2 percent slopes (contle) 

RPZ 
9-75 

outlets are the common case in built up areas. Tile and absorption fields 

should be designed so that septic effluent is filtered through several feet 

o! soil before it can enter the tile drain. A central sewage syst~ is 

best for homes on this soil. 

This soil is too permeable to be a good mterial for water impoundment 

construction. Ponds ani reservoirs on this soil need an im~rvious lining 

to prevent seepage • 

This soil has potential for cottontail, jackrabbit, Galifornia quail, 

morning dove, and ringneck pheasant. They obtain their food primarily 

from cropland. Idle areas support shrubs of creosote bush, white bursage, 

paleleaf goldenbU!!h, arrow-weed and mesquite which provide cover or foed. 

Where water tables are close to the surface, excavated ponis can be managed 

for wetland wildlife habitat. 

capability unit IIIw4, irrigated 



RS - Rositas sand, 0 to 2 percent slopes 

RPZ 
9-75 

This is a deep, somewhat e.."Ccessively drained soil of flood plains, basil ..... , 

and terraces at elevations of 300 above to 200 feet below sea level. It is 

fonned in alluvial sands from diverse sources. Most bodies of this soil are on 

the Imperial East and West Mesas. 

About 25 percent of this uni~·is soils that resemble Rositas except for 

duller colors (chromas of 3). Included in this unit are sandy soils that 

contain, within a depth of 10- to 40-inches, thin strata of gravelly sand 

(10 perc.eo.t), sandy soils that have thin strata of both gravelly sand and 

textures finer than loamy fine sand,'- (10 percent), and soils with dominant 

textures of coarse sam (5 percent). Other inclusions are Garsitas soils 

(5 percent), Vint soils (5.percent), Rositas fine sand (5 percent), and 

Niland sand (3 percent). A few acres of Rositas sand on slopes of 2 to 9 

percent are i.""lclu::l.ed. About 200 acres of this unit have stones or cobbles or 

the surface (shawn by spot symbols on the map). 

Typically the profile to a depth of 27 inches is stratified pink and 

reddish yellow sand and coarse sand underlain by pink fine sand to a depth 

of 60 inches or more. 

Permeability is moderately rapid. Available water capacity is about 

3.5 inches in a 60 inch root zone. Surface runoff from bare soil is slow, 

water erosion hazard is slight, and blowing hazard is slight or moderate • 

. Young plants are susceptible to soil blowing damage. 

This soil is used for desert recreation and desert wildlife habitat. 

Some areas are used as a source of sand. 



RS - Rositas sand, 0 to 2 percent slopes (cont1d) 

RPZ 
9-75 

The potential of this desert soil for wildlife habitat is limited by 

the low rainfall. A sparse shrub growth of creosote bush, wingscale, and 

a few mesquite provide food and cover for wildlife. 

This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality water. Sprinkler and drip irrigation 
....... 

are the most efficient means of watering crops on this sanqy, droughty soil. 

Land smoothing is needed in most places before installation of an irrigation 

system. Adequate irrigation system design is very important because of the 

frequent irrigations needed on this droughty soil during the hot summer 

months. Widely spaced tile drains are needed if high water tables result 

from irrigation or seepage. Protection from wind is helpful in some areas. 

This soil is suited to all climatically adapted crops including citrus. 

Incorporation of barnyard m9.nure and crop residues improves the water and 

nutrient holding ability of this sandy, droughty soil. Potassium is adequate. 

Frequent, light applications of nitrogen on this easily leached soil meets 

the requirements of all crops except legumes. Some crops respond to phosphorus. 

This soil has potential for use as home sites and urban areas. The sandy 

texture of the soil is the basic characteristic that affects most uses. House 
\ 

slabs and footings need to be designed with enough strength to compensate for 

the low bearing strength of this soil. Metal should be protected from contact 

with corrosive soil moisture. Most climatically adapted plants can be used 

for landscaping, but will require a careful program of irrigation and ferti-

lization. 



RS - Rositas sand, 0 to 2 percent sl:~~ (Cont'd) 
RPZ 
9-75 

Septic tank absorption fields usually function well, but there is a 

hazard of possible contamination of groundwater from septic tank effluent in 

this moderate~y rapidly permeable soil. If perched water tables develope 

under heavy drainage field use, Widely spaced tile drains helps reduce and 

prevent "'later table problems, but obstacles to tile installation and poor 

access to outlets are the common case in built up areas. Tile and absorptior 

fields should be designed so that septic effluent is filtered through severaJ 

feet of soil before it can enter the tile drain. 

This soil. is too permeable to be a good material ,for water impoundment 

construction. Ponds and reservoirs on this soil need an imperious lining 

to prevent rapid seepage. 

Capability unit IVs4, irrigated 
VIIIsl, dryland 



RT - Rositas* loamy fine sand, 0 to 2 percent slopes 

RPZ 
9-75 

This is a deep, somewhat excessively drained soil on terraces at ele-

vations 35 to 300 feet. It formed in alluvial or aeolian sands from diverse 

sources. Most bodies of this soil are on the Imperial East Mesa. 

Most areas of this unit have a 10 to 30 percent surface cover of fine 

gravel and lime concretions. Areas of Rositas* soils with surface textures 

of fine sand (about 20 percent) and fine sandy loam (about 10 percent) are 

included in this unit. About 300 acres of this unit is Rositas* soils with 

gently undulating slopes of 2 to 5 percent. Included with this w.it in 

mapping are soils with sandy profiles containing a few soft lime segregations 

and a few thin lenses of fine' sandy loam, silt loam or silty clay loam. These 

soils seem to have a random distribution within or adjoining bodies of Rositas~~ 

soils and were mot practical to separate. About 10 percent of this' unit are 
lack 

soils'which resemble Rositas* loamy fine sand but which/appreciable segregated 

lime. Other inclusions are areas of Antho* soils (5 percent), Superstition 

soils (5 percent) 10''0' dunes of Rositas fine sand (3 percent), and Holtville-:<-

soils (2 percent). In some. pedons the subsuxface layers contain a fei'i gravel 

or even thin gravelly layers. In some pedons, of Rositas* soil irregular mas-

ses of sandy material appear to be weakly cemented by lime. About 100 acres 

of this unit, adjacent to the Interstate'S, is shallow borrow areas with bot-

toms of sandy material containing a few lime segregations. About 10 acres' of 

this unit on the East Mesa, east of Holtville, has been excavated and lined 

as a holding pond (salt pond) for geothermal well effluent. 

Typically the surface layer is a light brown, slightly hard, loamy fine 

sand about 4. inches thick. The underlying layers are pink and very pale bro;.,'Tl. 

-wraxadjunct to the series 



RT - Rositas* loamy fine sand, 0 to 2 percent slopes (Cont1d) 

RPZ 
9-75 

soft fine sand to a depth of 60 inches. The profile below 4 inches contains 

1 to 2 percent segregated lime in soft masses and concretions, 1-1hich dimini.: Ie 

gradually with depth. The segregated lime is not typical of the Rositas serie 

Per;meability is moderately rapid. Available water capacity is about 4 

inches in a rooting depth of 6O.:.inches. Runoff from bare soil is slow with. 

a slight erosion hazard._ There is a slight hazard of wind erosion, with'a 

slight hazard of abrasion to young plants. 

This soil is used for desert recreation. Most areas have only a sparse 

stand of creosote bush and have low potential for desert wildlife habitat. 

This soil has potential for irrigated agriculture. Development depend 

on an adequate supply of good quality irrigation water. Lam leveling or 

smoo~hingJ and careful irrigation design and management are needed for agri~..l.l 

tural development. Sprinkler and drip irrigation are the most efficient 

means of watering crops on this sandy, droughty soil. Because of rapid water 

intake rates, surface irrigation in borders and furrot'is requires runs, of 

about 250 feet, high heads of water, and slopes of about .003 for efficient 

1-/ater application. Adequate irrigation system design is very important 

because of the frequent irrigations needed on this droughty soil during .the 

hot summer months. If v;ater tables develop under irrigation, widely spaced 

tile drains can be installed to control the water table and provide leachir.~ 

outlets for sali.7li.ty control. Protection from .... Tind is helpful in most plac s 

This soil is suited to all climatically adapted crops including citrus 

Incorporation of barnyard manures and crop residues irnpr~{es the water and 

nutrient holding capacity of this sandy, droughty soil. Potassium is adeqL ~ 

but nitrogen must be added to Illeet the requirements of all crops except legu:::' 

Some crops respond to phosp~rus. 



RT - Rositas* loamy fine sand, 0 to 2 percent slopes (Cont'd) 

RPZ 
9-75 

This soil has potential for use as home sites and urban areas. The 

sandy texture of the soil is the basic feature that affects use. House 

slabs and footings need to be designed Hith enough strength to compensate 

for the °low bearing strength of this soil. }fetal should be protected from 

contact with corrosive soil moisture. Good irrigation and fertilization 

programs are needed to maintain most climatically adapted landscaping plants. 

Septic tank a~sorption fields should function well but there is a hazard 

of possible contamination of groun::l.water from septic tank effluent in this 

moderately rapidly per.meable soil. Widely spaced tile drains ° help reduce 

w~toer table problems, that may develop under heavy use of septic tank 

absorption fields. Tile and absorption fields should be designed so that 

septic effluent is filtered through several feet of soil before it can enter 

the tile drain. 

This soil is too permeable to be a good material for water impoundment 

construction. Ponds and reoservoirs on this soil need an impervious J.i.n.ing 

to prevent seepage. 

Capacility unit rlls4, irrigated 
VIrls 1 J dry land 



BeP., Borrow Pits, G.P., Gravel Pits - Pits 

RPZ 
9-75 

This unit is composed of areas where the upper layers of soil materials 

have been removed. The areas of this unit are from 3 to 20 feet below the 

natural surface, and the drainage ranges from excessive to poorly drained. 

Elevations are 30 to 300 feet. 

Included with this unit in mapping are small areas of undisturbed soils, 

spoil piles, and screening dumps. 

Rooting depth is not restricted within depths of 60 inches, except in 

areas where the water table is high. Runoff is usually ponded and erosion 

ha~ard is slight. Sediment deposition in the bottoms occurs where runoff 

is trapped. Areas of this unit are often used for solid waste disposal. 

Where suitable cover soil is available, this unit is well suited to sanitary 

landfills. sanitary landfills should be protected from runoff water where 

permeable site and fill materials could result in groundwater contamination. 

This unit has some use as wildlife habitat. In areas with high water 

tables, small ponds are present, at least seasonally. water areas support 

wann water fish, frogs, muskrats and waterfowl. The edges have a rich 

vegetation of cattails, salt cedar, Baccharis, mesquite, and arrow-weed. 

Areas of the unit not affected by water tables often have a better growth 

of shrubs and herbs than the surrounding areas, because of collected run-

off waters. These areas provide food and cover for doves, quail, and rabbits~ 

Areas of this unit may be graded or filled ar~ reclaimed for agricultural 

or urban purposes. Their suitability and limitations for these purposes would 

require on-site investigation of the available soil materials. 

Capability unit Vlllel 



SS - Superstition loamy fine sand 

RPZ 
9-75 

This is a deep, somewhat excessively drained soil with slopes of 0 to 1 

percent on old terraces and fans at elevations of 40 to 300 feet. It formed 

in sandy alluvial sediments of diverse origin. 

Included with this unit in mapping are areas of Superstition soils with 

s1;ll"face layers of fine sand (10 percent), and fine sandy loam (5 percent), 

and small areas of Superstition soils with short slopes of 1 to 9 percent. 

Also included are areas of soils similar to Superstition soils, but contain-

ing strata of cOarse sand or gravelly sand at depths between 10 and 40 inches 

(3 percent). other inclusions are Rositas-ll- loamy fine sand (15 percent), Antho-: 

loamy fine sand (7 percent), Gl~is soils (5 percent) and Laveen loam (3 per­

cent), all with slopes of less than 2 percent. 

Typically the surface layer is pink calcareous loamy fine sand about 

6 inches thick. The next layer is a pink loamy fine sand about 11 inches 

thick, 'Nith about 6 percent by volume of prominent soft masses and concre-

tions of lime. The underlying layers are pink and pinkish white sand to a 

depth of several feet, i",ith very few lime segregations below 36 inches. 

Permeability is moderately rapid. Available water capacity is about 

4 inches for a rooting depth of 60 inches. Runoff from bare soil is slow 

and erosion hazard is slight. Wind erosion hazard from bare d~J soil is 

slight or moderate with an abrasion hazard to young plants. 

This soil is used for desert recreation. Host areas have only a sparse 

stand of creosote bush with a low potential for desert wildlife habitat. 



S3 - superstition loamy fine sand (Cont'd) 

RPZ 
9-75 

This soil has potential for irrigated agriculture. Development depends 

on an adequate supply of good quality irrigation water. Land leveling or 

smoothing, and careful irrigation design and management are needed for 

agricultural development. Sprinkler or drip irrigation are the most ef-

ficient means of watering crops o~ this sandy, droughty soil. Because of 

rapid water intake rates, surface irrigation in borders and furrows requires 

runs of about 250 feet, high heads of water, and slopes of about .003 for 

efficient water application. Adequate irrigation system design is very 

important because of the frequent irrigations needed on this droughty soil 

during the hot summer months. If water tables develop under irrigation, 

widely spaced tile drains can control such water tables and provide leaching 

outlets for salinity control. Protection from wind would be helpful in 

most areas. 

This soil is suited to all climatically adapted crops including citrus. 

Incorporation of barnyard manures and crop residues improves the water and 

nutrient holding ability of this sandy, droughty soil. Potassium is adequate 

but nitrogen must be added to meet the requirements of all crops except 

legumes~ Some crops respond to phosphorus. 

This soil has potential for us e as home sites and yrban areas. The 

sandy texture of the soil is the basic feature that affects use. House 

slabs and footings need to be designed with enough strength to compensate 

for the low bearing strength of this soil. Metal should be protected from 

contact with corrosive soil moisture. Good irrigation and fertilization 

programs are needed to maintain most climatically:adapted landscaping plants. 



ss - Superstition loamy fine sand (cont1d) 

~z 

9-75 

septic tank absorption fields should function well but there is a 

hazard of contamination of groundwater from septic tank effluent in this 

permeable soil. Widely spaced tile drains can help reduce water table 

problems that may develop under heavy use of septic tank absorption fields. 

Tile and absorption fields should be designed so that septic effluent is 

filtered through several feet of soil before it can enter the tile drain. 

This soil is too permeable to,be a good material for water impoundment 

construction. Ponds and reservoirs on this soil need an impervious lining 

to prevent seepage. 

Capability unit IIIs4, irrigated 
VIIIs1, dryland 



GC - Glenbar complex, 0 to 2 percent slopes 

WZ 
9-75 

The soils of this complex are formed on tilted, folded, and faulted 

unconsolidated stratified sediments along the edges of the valley, outside 

the irrigated area at elevations of 100 to -230 feet. Large areas of this 

unit lie southeast of Superstition Mountain along the'northern edge of 

the west Mesa. Other extensive areas are along Highway CA 86 on desert 

areas both north and south of Kane Spring. The members of the complex are 

thin linear bodies, intricately interi~ined, and would be extremely difficult 

to map separately at a large scale. The parent sediments are dominately of 

a silty clay lo&~ texture, but include strata of silty clay, clay loam, 

sandy loam, silt loam, loamy very fine sand, and san~. Most of the fine and 

moderately fine-ta~ured strata are moderately to strongly saline. Some areas 

are hummocky. Surface textures range from silty clay to gravelly sand but 

local alluvial overwash or thin aeolian deposits give most surfaces a 

texture of sand, fine sand or silt loam. Some areas have a partial desert 

,pavement of thin flat sandstone fragments, water-worn gravel, and lime 

concretions. This complex consists of about 50 percent Glenbar soils, 10 

percent Imperial soils, 10 percent Indio soils, 7 percent Meloland SOils, 5 

percent Niland soils, and 5 percent Holtville soils. Included are about 

1000 acres (8 percent), mostly in the area of T. 12S., R. 11E., of soils 

with a stratified profile of silty clay loam, clay loam, and heavy silt 

loam textures and pale yellow and light yellowish brown colors (2.5Y hue). 

Minor inclusions of Rositas soils and Vint soils total about 5 percant. 

The Glenbar soil is a deep, well drained soil. It formed in alluvial 

sediments of mixed origin. 
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.~JPically the surface layer is piru<ish gray silt loa~ about 13 inches 

thick. The underlying materials are light brown stratified sandy clay lPam, 

clay loam, and silty clay loam to a depth of 60 inches. 

Permeability is slow. The available water capacity is about 10 inches 

in an approximate rooting depth of 60 inches. Surface runoff is slow and 

the erosion hazard is slight, although many areas have rills, gullies, and 

occasional deep arroyos from geologic erosion. 

This unit is used for desert recreation. It has a low potential for 

desert wildlife habitat because it is nearly barren of vegetation. 

This unit has potential for irrigated agriculture. Developement depends 

on an adequate supply of good quality water. Land leveling is needed to 

prepare the ground for border or furrow irrigation. Land smoothing is needed 

before sprinkler irrigation. An initial leaching for toxic salt reduction 

would be needed on most areas. Irrigation would probably create perched 

water tables, and tile drainage would become necessarJ. 

These soils are suited to general field crops, winter vegetables, and 

melons. Some difficulty can be expected in maintaining alfalfa stands because 

of temporary anaerbic conditions after irrigation. The soils are sticky and 

difficult to remove from crops like carrots and onions. Because of the 

problems in maintaining a good salt balance, without water logging the root 

zone, the soils are not suited to citrus. Incorporation of crop residues and 

barn yard manure would help to maintain good tilth and improve water intake 

on these moderately fine textured soils. Potassium is adequate for all crops 

but nitrogen requirements of all nonleguminous crops must be added. Some 

crops would respond to phosphorus application. 



- 3 -
RPZ 
9-75 

This unit has potential for home sites and urban areas despite some 

limitations. Slow permeability, high clay content, and salinity are basic 

features that affect use. House slabs need to be designed with extra strength 

to withstand the stresses of shrinking and swelling and to oompensate for 

the low bearing strength of these moderately fine textured soils. Other 

measures that help reduce stress to house slabs are backfilling the base 

area with a compacted layer of nonplastic soil, and irrigating the area 

frequently enough to maintain a constant moisture level in the soil. Concrete 

in contact with the soil should be a dense mix made with a sulphate resistant 

type of cement. Metal should be protected from contact with these corrosive 

soils. Salt tolerent plants are best suited for landscaping. 

Problems are likely with septic tank adsorbtion fields because of slow 

permeability and development of perched water tables. Tile drainage can help 

reduce and prevent water ,table', problems , but obstacles to tile installation 

and poor access to ,outlets are the common case in built up areas. Tile and 

adsorbtion fields should be designed so that s.~ptic effluent is filtered 

through several feet of soil before it can enter the tile drain. Extra 

length of septic tank adsorbtion lines and ::andy backfill of the trench can 

help compensate for the slow permeability of the soil. A central sewage 

system is the best for homes on these soils. 

This unit is suited to water impoundment areas such as reservoirs and 

fish ponds. If permeable layers are exposed by pond excavation, these 

should be sealed during construction. Large ponds need bank protection by 

vegetation such as bermuda grass or jointgrass or by rip-rap to prevent wave 

erosion during wind periods. 

capability unit IIs3, irrigated 
VlIlsl, dryland 
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INTRODUCTION 

This is the fifth--atld final--report on archaeological examinations 

undertaken ac the Republic Geothermal, Inc., East Mesa site area in Imperial 

County. The fleld examinations have now covered 1007. of the surface area 

within the Company's lease blocks. Imperial Valley College ~Iuseum, which 

has undertaken the intensiv~ surveys there, believes that no further surface 

studies on archaeology need to be conducted within the defined boundaries. 

This final report synthesizes all available archaeological information per-

taining to the Company's East Mesa parcel. 

Republic Geothermal, Inc., became actively involved in developing por-

tions of the East Mesa Known Geothermal Resource Area (KGRA) when it success-

fully bid for three lease blocks (CA 966, 967, and 1903) within the resource 

area. The Bureau of Land Management solicited private bids in January 1974 

for developing geothermal energy on the East Mesa, and by mid-1975 the Company 

was ready' to commence field operations. 

Jan Kielpinski, who was handling environmental affairs for the Company 

at that time, contacted Enviro~ental Coordinator Sherilee von Werlhof at 

Imperial Va1ley College ~tuseum (IVCH) to have archaeological examinations 

carried out at certain drill sites and access roads. In the summer of 197'7 

Tawna Nicholas, Environmental Land'Planner for the Company, oversaw two other 

similar field projects as the geothermal testing program expanded. The 

Company was ready for major d7velopmcnt by early 1978, and in consultation 

with Bureau of Land Nanagemo?nt archaeologists Ann Loose and Cary Stump it 

called for an intensive survey of the whole geothermal parcel under lease. 

Company planners t-licholas and Dwight Carey decided that the ensuing--and 

Einal-report sholllJ be comprehensive, drawing together all that is archae-

ologically known abot;t che immediate area. 

-1-
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THE LAW AND ARCHAEOLOGY 

Any archaeological project that touches base with a governmental reviewing 

process comes under the control of public law, State and Federal. 

At the State level the anchor is the California Environmental Quality Act 

of 1970, as Amended in 1972, 1973, 1974, 1975, 1976, and 1977, Division 13, 

Public Resources Code, Section 21000 ~~. Ancillary to this is the State 

Environmental Impact Report Guidelines, California'Administrative Code, Title 

14, Natural Resources, Division 6, Resources Agency, Chapter 3, "Guidelines 

for Implementation of CEQA." The reviewing process under CEQA involves the 

counties, even for archaeological projects undertaken on Federal lands pro­

posed for development or which involves Federal licensing or funding. The 

archaeological element in the Republic Geothermal EIR will hence come under 

Imperial County review, in this case the Planning Department. In private 

land developments only. the county becomes the Lead Agency. 

All archaeological work conducted on Federal lands must be under the 

restrictive cloak of a permit the Secretary of the Department of the Interior 

issues, except in cases in which the Federal government has contracted for 

such services. The permit procedure was established in the first law Congress 

enacted for the protection of archaeological resources, the Antiquities Act 

of 1906 (PL 59-209, 34 Stat 225). Under its provisions Imperial Valley 

College Huseum obtained a special interim permit (an "emergency permit") to 

carry out field examinations of specific test holes and access roads Republic 

Geothercal planned. IVC~! thus did not have to wait for the usual ninety day 

issuing period before commenCing its work. The permit, issued 18 July 1975, 

remained in effect for two weeks only. The eighteen drill sites were examined 

24-25 July, and the report was completed the 29th of that month. 

-2-
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A second series of examinations were conducted on 23 October of that .. 
year, for which another emergency permit was obtained. 

The 001 issued a third emergency permit to IVCM on 29 June 1977 to 

examine eight additional drill sites and roads. This permit, like the pre­
I 

vious one, remained in effect two weeks. The work was carried out on July 

4 and 13, with a report being issued July 24, 1977. 

On 22 August that year IVCH received a fouTth special permit for one 

month to examine accesses and six bore stations within three alternate power 

plant sites--A, B, and C. 

The final archaeological project IVCM conducted for Republic Geothermal 

for which a permit was needed was completed 2 April 1978, and is the subject 

of the current report. On 3 January 1978, IVCM had received for one year a 

new type of permit--aProfessiona1 Services Permit--which applied to all 

Federal lands. 'Though it restricted the permitee to specific archaeological 

activities, IVCM needed only to obtain verbal clearance from, the Bureau of 

. Land ~~agement each time an archaeological survey was to be conducted. This 

permit--78 CA 017--enabled IVCM to carry out the current field work, involving 
, 

an intensive survey of the entire Republic Geothermal East Mesa field. 

The Historic Sites Act of 1935 (PL 74-292, 49 Stat 666, 16 USC 461-467) 

committed the Federal government to a national policy of preserving sign1fi-

cant remains, b.ut the policy itself was not fully it:lplemented until the 

passage of the Historic Prese~ation Act of 1966 (PL 89-65, 80 Stat 915). In 

addition to expanding the Landmark program launched under the previous Act, 

the HPA established the National Register of ilistoric Places (shifted by 

Secretarial Order No. 3017 on 25 January 1978 from the National Park Service 

to the newly created Heritage Conservation and Recreation Service, along with 

the Natural Landmarks Program and the Office of Archaeology and Historic 

-3-
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Preservation). Atta~hment 2, 5C, of that Order, continued the permit-issuing 

authority under tlot' tntllragency Archaeological Services which the HPA created, 

but now undE'! tilt' t):'JiP. Importantly, the HPA defined procedures for evaluat-

ing cultural remaine: for inclusion in the National Reg~ster, and established 

the Advisory (.1uncil for Historic Preservation to review nominated properties 

as well as proposed actions liable to affect properties already registered 

(Section 1()6). Sites at Republic Geothermal are in the preliminary evalua-

cion stag~ nv.:. 

The Nat ional Environmental Policy Act of 1969 (PL 91-190, 83 Stat 852) 

gave birth to th~ ErR pro~ess, requiring an evaluation of the impact upon 

the environment of any Federal undertaking or an undertaking licensed by 

any Federal agency or any project on Federal lands. While a policy of 

preservation was reaffirmed in this Act (Section 102, b,4), mitigation was 

also recognized as an alternative to an in ~ ideal (Section 102, c, iii, 

and D). Though primary impacts were the main concern in the legislation, 

Court decisions also included secondary impacts in determining mitigation 

measures. These considerations are important at the Republic Geothermal 

subject area, for even though none of the identified sites are liable to be 

\mpacted during construction and maintenance of the facility the threats 

from indirect--or secondary--impaction are clearly present. 

President Richard ~I. Nixon brought Federal agencies into direct parti­

cipation with lile above Acts when he issued his Executive Order 11593 (1971), 

requiring agencies to inventory th~ cultural resources on their land holdings. 

They were to locate archaeological sites, evaluate the sites for National 

Register significance, and to nominate those worthy of inclusion on the 

Register. Further, the agencies were to administer and preserve their cul-

tural resources In a spirit of trusteeship for future gen~rations. The 

agency on whose land the sites occurred would thus act as the Lead Agency in 

the initial stage of ~valuation and nomination of archaeological resources. 

-4-
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Even though the State and Federal governments established a joint interest 

in archaeological activities through provisions of HPA (1966) and CEQA (1970), 

the California State Historic Preservation Office (an outgrowth of the 1aison 

office HPA devised) did not come within the actual reviewing process of NEPA 

(1969) reports until 1975. By this time it was also actively engaged in a 

consultative role as part of the Advisory Council Procedures for asses~ing 

site significance and determining site eligibility for the National Register. 

This role of the SHPO was enhanced with the passage of the Archaeology 

and Historic Preservation Act of 1974 (PL 93-291, 88 Stat 174), amending the 

Reservoir Salvage Act of 1960 (PL 86-523, 74 Stat 220) to include the preser­

vation of archaeological and historical sites liable to be impacted from any 

Federal agency activity or from the activity of private or corporate develop­

ments coming under any Federal review. This act, commonly referred to as 

the Moss-Bennett Bill, controls all archaeological procedures, from surveys 

through mitigation, for any specific project. Subsequent guidelines the 

SHPO and Federal agencies have issued usually require a detailed scope-of­

work to be submitted for any actual archaeological work being proposed, as 

well as the data-inclusion for the final report. IVCM, therefore, engaged 

in consultations with the SHPO, the BL~, and the United States Geological 

Survey before commencing field work at the Republic Geothermal project area. 

Additional consultations were entered into as the work progressed, obtaining 

clarification on procedures as such needs arose. 

In addition, NEPA and CEQA require consultation with Native Americans 

concerning values they might place on archaeological sites. The SHPO works 

in close unison with the Native Amedcan Heritage Commission in California 

during the site reviewing process, consulting with the Commission about Indian 

values of particular sites, and especially when a proposed mitigation plan 

includes disturbing the resources there. The NARC also requires that archae­

ologists contilct living ~ative Americans in local regions to determine whether 
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proposed field activities might involve sites of sacred and religious values. 

Towards this t!nd, II.'CH contacted the Quechan Tribal Council concerning lands 

within the immediate vicinity of the Republic Geothermal project area, as 

will be discuss~d below. 

Finally, as a prelude to its field work in 1975 at the project area, IVCM 

determined from a consultatlon with the SHPO that there were no archaeological 

or historical sites within the proposed area then on the rolls of the National 

Register. And in this final report IVCM presents a recommendation for mitiga­

tion of discovered archaeological Sites, which SHPO, BL~, and USGS will con­

sider in the reviewing process. 

NATIVE AMERIC&~S 

The on.1y organized tribal group of Native Americans in Imperial County is 

the Quechan, whose headquarters is outside Winterhaven in the southeastern 

corner of ,the County. 480 acres of this 9,271.88 acre Reservation are on the 

Arizona side of the Colorado River which elsewhere forms the east border of 

the tract. Approximately 1,300.Natives reside on the Reservation or on con~ 

tiguous lands today (U.S. Department of Commerce, 1974). 

In 1934 the tribe reformed its organization along lines defined in the 

Indian Reorganization Act which Congress passed that year. Thirty years 

later the tribe installed a full-time President of the Council to administer 

the growing socioeconomic programs the tribal government helped institute on 

the Reservation. 

The Yuman Indians, to which the Quechan belong, once held uninterrupted 

territory that covered \o.'estern Arizona, far southern California, and much of 

Baja California. As part of the riverine group of Yumans, the Quechan devel­

oped a horticultural economy in pre-contact times that enabled them to displace 

a former reliance on hUllting and gathering as an adaptive desert strategy. 
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They fought as \orell a:;' traded with other Yuman tribes along the Colorado River. 

To protect its own vanguard of civilization entering the river basin the Unite' 

States established fure Yuma in Quechan territory in 1875. Nine years later 

it formed the fort Yuma Indian Reservation spanning both sides of the river. 

Over the years the Quechan l\.lst nearly all of their Arizona holdings, and much 

of the acreage once held in California. 

With these factors in mind the SHPO, in consultation with the Native 

American Heritage Commission, notified IVC}! to contact the Quechan Tribal 

Council to determine if that group had any sacred or religious attachment to 

the East Mesa parcels proposed for geothermal development, even though the 

area was distant from the Reservation. Pursuant to this directive, IVCH 

called President Fritz Brown on 30 ,December 1977 to discuss the Quechan Tribal 

Council position regarding this area. Since the KGRA is forty miles west of 

the tribal boundary, President Brown did not believe that the Quechan held an 

interest in the property. However, he requested that IVC}{ write an inquiry 

addressed to him, and include a map delimiting the subject area. On 31 Decem­

ber. therefore, IVC~{ complied (see Appendix). To date, IVCM has not received 

a reply to the letter sent. 

HISTORY OF ARCHAEOLOGICAL E~nNATIONS ON EAST MESA 

H.alcom Rogers, who piont:'<,red arChaeology in Imperial County during the 

1920s, was the first to record a site on the East Mesa. His notes do not 

reflect when he made this earliest discovery, but it was late enough to bene­

fit from a tcntativ~ typology he had already worked out for the Yumans. This 

site, 4-Imp-135 (RQ~ers' C-68), was imprecisely located somewhere in Republic 

Geothermal's Section '30, "about a mile east" of the valley edge. The dominant 

sherds were chose h~ already had typed as Colorado Red II, which he assoclated 

with the Yumun IT period. 
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Though the site was large, covering about an acre, the IVCM field crew 

was unable to correlate his discovery to its own sites. Rogers tended to lump 

into one sit~ a wide scattering of materials, and to generalize about the 

characteristics of artifacts he saw. All these factors made it difficult to 

locate the site from his field observations. Too, shifting sands and pot­

hunting over the years have added to the survey problem. 

Years passed before the East Mesa was again viewed archaeologically. In 

1970 the Imperial Valley College archaeological field classes under the direc­

tion of instructors Hike Barker and Erlinda Burton discovered several Yuman 

sites six miles south of the Republic Geothermal project area. 

In 1973, Charles McKinney of the Interagency Archaeological Service in 

Washington, D.C., made two reconnaisance surveys on the East Mesa between 

Niland and the International Border. A Lead Agency in the Federal Government 

unfortunately--and inadvertently--discarded his notes and reports during an 

office move. No copies are extant. 

Beginning in late summer, 1973, a consulting firm under a Bureau of 

Reclamation contract, conducted an intensive survey of the East }Iesa south of 

the Glamis Road. Archaeological Research, Incorporated, was in the field 

forty days and reported the discovery of forty-eight sites of the Yuman period, 

one of which was within the Republic Geothermal zone. Though the field notes 

and formal records were lost before copies were sent to IVCM, the ARI report 

contains general descriptions and e~aluations that are useful to an interpre­

tation of the East Mesa. It concludes that "The Embayment vs. exposed Beach­

line Bluff Lake features should be considered the most important aspect in 

discerning the range of possible past exploitation areas surrounding Salton 

Basin" (Ellis and Crabtree, 1974, p.74). 

Bet' .... een August, 1974, and January, 1975, Mike Barker and BL}! field per­

sonnel spent six days examining portions of the East !'lesa beloVo' T 14 S as part 
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of a Land-use study. The team recorded in detail ten archaeological sites 

near the 40' shoreline, none of which were within the Republic Geothermal 

perimeters. In his report, Barker noted that all the material recorded was 

within the Yuman II period, tentatively dated between 1000 A.D. and 1500 A.D. 

He also concluded that even though most of the mesa between the Sand Dunes 

and the shoreline had not been archaeologically surveyed it was unlikely 

that significant aboriginal resources existed in that wide region (Barker, 

1975, pp. 10-11). 

During March and April of 1975, Bk~ Archaeologist Eric Ritter spent five 

days examining portions of the shoreline as well as the interior mesa. He 

confirmed Barker's assessments of probable site density distribution, though 

recommending additional surveys be sponsored for areas east of the stabilized 

sand hills near the shore. Ritter concludes that " ••• both the shoreline areas 

and the stabilized dunes and ridges east of the main lacustrine beach barrier 

ridge received the greatest focus of aboriginal activity. As one proceeds 

east of this area, the site density drops off considerably. My assessments, 

however inadequate, suggest that the interior of East Hesa contains no more 

than about one site per square 'mile" (Ritter, 1975, p. 3). 

In July of 1975, IV~ conducted its first Republic· Geothermal examination: 

as a prelude to the Company testing its subject area, then focusing on Section 

29 (von i-lerlhof and von Werlhof, July 1975). / 

Magma Power Company had meanwhile completed plans for testing a portion 

of the East Nesa KGRA. in R 17 E, T 16 S, Sections 7 and 18. On 21 October 

1975, IVCM examined four proposed drill sites within the two Sections. Though 

in its 7 November report IV~ could state that no archaeological resources 

were within the immediate impact areas it did review the several sites that 

had been previously reported in the surrounding zone (von Werlhof and von 

Werlhof, 7 November 1975). 
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On 23 October 1975, a second series of test holes were examined in the 

Republic field, in R 16 E, T 15 S, Section 30, and R 17 E, T 15 S, Section 29. 

No resources were recorded at the specific sites or along the access routes 

(von Werlhof and von Werlhof, 4 November 1975). 

In May, 1977, .IVCM conducted an intensive survey of the entirety of Sec­

tion 7 which Magma Power had selected as its full developmental area. The 

survey team recorded numerous sites not previously discovered, lumping them 

into seven· "Site Areas." In addition, a total plant inventory was also per­

formed (von Werlhof and von Werlhof, with Pritchett, 1 June 77). A mitigation 

plan was worked out between ELM, Magma, USGS, and IVCM, with the concurrence 

of the SHPO (5 December 1977, Mellon to Stone). The data recovery program 

was to commence in early 1978. 

Meanwhile, IVCM conducted a third series of examinations for Republic 

Geothermal, on July 4 and 13, 1977, in R 16 E, T 15 S, Section 25, and R 17 E, 

T 15 S, Sections 19, 20, 29, and 30. Three additional miscellaneous sites 

were recorded during this project, two of which have been re-located in the 

recently completed intensive survey undertaken in March and April, 1978. A 

random chopper at the third site was collected in Section 19, itself endan­

gered from further do~~washing (von Werlhof and von Werlhof, 29 July 1977). 

The next month, on 22 August, IVCM carried out a fourth field examina­

tion, this time investigating access routes and drill sites within each of 

three proposed power plant locations in R 17 E, T 15 S. Section 30. No 

archaeological resources were discovered (von Werlhof and von Werlhof, 25 

August 1977). 

In October that year, the Archaeological Research Unit at University of 

California Riverside intensively surveyed the three alternate power plant 

·sites, additional drill holes, and access roads. The team did not discover 

any resources (Swenson and Lipp, October 1977). 
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The data recovery program at the Magma location was intermittently halted 

during a several months period due to bad weather and other interlening natural 

causes. The field work was completed 8 April 1978, the report for which will 

be issued this summer. 

With its testing program completed, Republic was ready to move into the 

final phase of pre-construction on-site investigations. BL}! determined that 

an intensive survey should be conducted for the entire field, and USGS re­

quired a total plant inventory. IVC}! conducted the archaeological survey in 

March. issuing a report on the 16th (von Werlhof and von Werlhof). IVO! had 

only spot-checked the sand dunes area, and after reviewing the report BL~ 

required that these be intensively examined as well. The additional work was 

completed the 2nd of April. For the final Phase I report, BLM, Republic, and 

IVCM agreed that it would be well to synthesize all the work that had been 

performed within the subject area, the object of this current report. This 

report, then, integrates what has been learned so far about the archaeology 

of the East Mesa. Laboratory analysis of data recovered at the Magma site 

will no doubt modify interpretations included here, such as C14 dating, fish 

bone and shell identification, and ceramic typologies. 

ARCHAEOLOGICAL ASSESS~ffiNT OF ~~ST ~mSA 

1) General 

All those who have trod the sands, swales, and terraces of the East Mesa 

in search of archaeological values registered similar impressions. Between 

the edge of Imperial Valley and the Sand Dunes to the east the archaeological 

resources are of the luman period. The Yuman I and II artifacts and features 

directly relate to the existence of Lake Cahuilla, while the Yuman III re­

sources reflect on other activities as trade and migration bet~een the Coloradc 

River and the Jacumba ~!ountains, and perhaps sporadic foraging of a fe~ small 

bands. 
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The majority of ~:ast ~lesa sites are small, and they tend to be clustered 

within widely separ3ted areas. Artifact types are qUite restricted to a 

narrow and specialized range of functions, with only occasional variations. 

The common site will be a pottery scatter. Tools, when present, will include 

one or more of the follovdng types: abraders, rubbing stones, paddles and 

anvils, scrapers, and ha~erstones. Percussion or thermal fractured stones, 

choppers, and knives are found sometimes. Midden traces or deposits, crem3-

tions, trails, and cleared areas are rare, as are projectile points and axes. 

The inventory of items not found are helpful in interpreting why so few 

types of artifacts and features are there. Absent are grinding wares and 

implements, religious objects and features, toys and game objects, housesites. 

awls, needles, and other items useful in basketry or sewing. Also, those who 

expect to find pressure-flaking tools, lithic and ceramic caches, or fishing 

gear will be disappointed. Pothunters have hauled away artifacts from the 

East Mesa, as informants and local collections admit, but this activity alone 

could not. account for the paucity of material types found on the East Mesa. 

Investigators generally assess the East Mesa as an area seasonally ex­

ploited by small bands. The Lake Cahuilla shoreline was the attraction. 

The Indians apparently brought but a minimal amount of gear with them, 

and probably abandoned all but what was needed for the trek home. It is 

possible the women even broke their unneeded pottery before starting back. 

Though gravels and cobbles were available near the shore, the materials are 

unsuitable for lithic industries. Host tool types found on the East Hesa 

are of imported stones, such as honey quartzite, from near the Colorado River. 

2) Identification 

Though it is probable that the bands were from the river valleys, we 

simply do not know for sure. Here, a major problem of identification looms 

large. And without identification it is bold to establish assessments in 

terms of significance. To this point, attention is directed to the proposed 
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guidelines for the "Recovery of Scientific, Prehistoric, Historic, and Archae­

ological Data: ~ethuds, Standards, and Reporting Requirements" (Federal Registe 

January 28, 1977). Appendix B states that: "Identification of cultural resources 

is an obvious prerequisite to the evaluation of impact on such resources, and t 

the planning of methods for the mitigation of such impacts." It would be absurd 

to believe that "identification" meant no more than attaching nominal labels on 

items, as pottery, projectile point, grinding slab, etc., as well as on diverse 

features. While identification is an obvious prerequisite to the evaluation of 

impact, it is even more important in the evaluation of artifacts and features 

themselves. 

In relation to the East Mesa, identification of artifacts, and especially 

pottery, has never gone beyond the nominal label stage. Systematic collectiOn!: 

have not been made by which laboratory studies could complete the identifica­

tion process that Rogers began in the 1920s to make plausible assessments of 

significance. In this process, sherds need to be typed with a localized indus­

try in mind. Even recording pieces as "brown ware, II "buff wa·re," "red ware, It 

or "grey ware" will simply not do when the archaeologist has the task of com­

plete evaluation of sites. 

With this problem uppermost in mind, IVCM collected shards from several 0'" 

the sites within the Republi.c Geothermal field. A total collection had alread) 

been made at the Hagma site, and arrangements ;;ere completed for a typology to 

be established for it. The Republic sherds would then be compared with the 

"type collection," and a more positive identification of them would be possibl~ 

as well as a more meaningful statement of significance. 

3) Significance 

The problem of establishing identification is similar to that of asseSSing 

significance since the two are related. But whereas the method of identifica­

tion is first to describe all characteristics which distinguishes the subject 
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from another, the method in determining significance is first to delimit what 

the subject actually signifies. The first attempts to determine intrinsic 

qualities, the second attempts to determine extrinsic qualities. One is con­

cerned with denotation, the other with connotation; one requires descriptive 

characteristics, the other requires an attachment to values. Since a value 

is th~ characteristic which something assumes by becoming an object of interest, 

the value--or signification--will depend at the outset upon the degree to which 

the subject has been identified. In other words, significance can be attached 

to a subject up to its level--or degree--of identification. 

A ceramic site identified only as such, is significant solely in that it 

possesses characteristics by which the identification process can be completed. 

This process is not complete until the intrinsic and extrinsic qualities of 

the site are described. This means that the sherds identified temporally 

and spatially, and assigned to a cultural context. ~~en this point is reached 

it is possible to assess or to evaluate the site in terms of its highest level 

of significance. Up to this pOint, the site possesses significance only to 

the degree that the identification process is complete. 

When the identification process is complete, then it is possible to ful- . 

fill directives contained in Appendix B, 36 en Part 63: "A statement of 

significance should atte~pt to relate the property to a broad historical, 

architectural, archaeological, or cultural context .••• " (Federal Register, 

XLII, No. 183, September 21, 1977). 

Therefore, to complete the identification process of the sites discovered 

at the Republic Geothermal field, IVCM deemed it necessary to surface collect 

some of the sherds. Statements of Significance within a proper temporal, 

spatial, and cultural context would then be possible for the subject area as 

a "'hole. 
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In taking exception to this decision, BLM requested that IVCM include 

within the current report an explanatory statement for this action. This see~£d 

especially necessary since the previous report stated that the sherd collection 

was "significant," and therefore BL.'1 assumed it should not have been collected 

until a determination· of eligibility had been made at the SHPO level. What was 

intended in the usage of "significance" in that report was that the sherds 

would enable the investigators to complete the identification process, and not 

that the sherds possessed an extrinsic level of significance in~. When 

the identification process has been completed, then a level of evaluation and 

assessment of the subject area will be possible in relation to East Mesa. Its 

significance will be known. 

4)' Integrity 

Though the identification process is the strongest determinant in assess­

ing the significance of an artifact, feature, or site. integrity and sensiti­

vity lend weight. 

Integrity refers to the present physical condition of the subject being 

examined. This is part of the evaluative process in which the investigator 

must take note of external forces that have influenced the original physical 

qualities, and possible interrelationships, of artifacts, features, and sites. 

The intervening forces are natural or cultural, but often are both. 

Sandblasting, inundation, thermal fracturing, slumping or uplifting of terrain, 

soil aggradation, wind or water transportation, wind erosion, and animal 

burrowing are the more common natural forces that affect the integrity of 

desert cultural resources. 

Prehistoric and Historic Men have also modified the cultural resources, 

running the spectrum from updating their usage to severe disturbance or even 

destruction. Only scant attention needs to be cast here to exemplify the 

statement. In prehistoric times tools were occasionally re-worked by later 

aborigines; abandoned campsites would be re-open~d; superimposition of designs 
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over older petroglyphs; secondary burials; later introductions of intercultural 

traits or artifacts within the context of earlier sites. These are ways by 

which the integrity of cultural resources have been recast by Native hands. 

In the southern California deserts where horizontal rather than vertical 

stratigraphy occurs it is necessary to disentangle these complex cultural 

encroachments within surface contexts in order to assign integrity levels. 

In historic times developments, vandalism, ignorance, and disconcern 

have eroded the integrity of many prehistoric resources. Wells, seeps, 

trails, camps, lithic stations, cremations, ceramic caches, hunting and 

gathering preserves, shrines, housesites, rock art, and other types of sites 

have been damaged or destroyed. Rockhounds re-work tools and quarries; 

cyclists take over trail systems; campers choose locations the aborigines 

also found desirable; pothunters selectively collect the most easily recog­

nized or esoteric items from sites, leaving to the archaeologist an enigmatic 

inventory obviously out of character or balance. These factors must also be 

considered in assessing the integrity of a sit~ever cautious as to what the 

site was once like. 

As a whole, the sites at Republic possess little integrity, mainly due 

to downwashing. As will be discussed below, this has nothing to do with the 

significance of the resources there, only their condition. Midden, which 

surely must have been present, has been washed or leached away; no evidence 

is extant that hints at the Natives' actual campsites; an ORV road bisects 

the largest and most complete site, and pothunters have undoubtedly modified 

the resource population there. 

One site consists of a single sherd on a slope of blowsand. Several sites 

are characterized as a scatter of ceramic pieces, not all from the same ware; 

another site is a lone chopper in a downwashed swale. Shifting sands doubt­

lessly screen other items or sites, but fortunately the engineered design of 

Republic Geothermal will directly impact but a small area within the Company 
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leaseblocks. The buried sites, though with impaired integrity, will remain 

preserved until years from now when more sophisticated apparatus than is pre­

sently available can be employed to detect them. 

S) Sensitivity 

The value that a site might have for further scientific investigation is 

characterized as _sensitivity. Even though this concept steps lightly upon the 

toes of significance the two' are discrimir~ting teres archaeologically. At 

work here is the assessed value already assigned to integrity. The ranking 

scale is from low to medium to high for both integrity and sensitivity. Though 

the two concepts are interdependent their ranking at anyone site need not 

correlate. Integrity tells us what is the condition of the site, while sensi­

tivity tells us to what degree the site possesses value still worthy of study. 

A campsite, for example might be badly disturbed and is assessed low for integ­

rity. Yet, it might possess characteristics that through study could contribute 

to our knowledge and understanding of the culture represented, and hence be 

assigned a 'sensitivity rating of high. 

It is clear that sensitivity and significance are related only obliquely, 

for while both have further studies of resources or relationships behind their 

rationale, significance aims at a specified objective--that is, by definition 

it signifies something beyond its intrinsic self--while sensitivity is non­

directive per se and merely assigns a blanket value to the whole site in terms 

of scientific worth. 

The Republic Geothermal subject area possesses low sensitivity. There 

simply is not much there to study. 

The significance of the resources, however, fares better. rne identifi­

cation process is incomplete at the Republic field, but the resources there 

possess the qualities necessary to fulfill this need. Also, in this instance 

quantitative analysis can be significant after the identification process is 
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complete because this approach could enhance our understanding of Yuman II 

and III adaptive strategies for the East Mesa. This yould be especially so 

by applying the comparative and historical methods to the Republic sites in 

relation to the whole East Hesa and the developmental sequences of. the Yuman 

Culture. Viewed with these objectives for a research design, the level of 

significance at Republic should be assessed as medium. For any less objec-

tives the Republic resources would hardly make an assessment of low signifi-

cance and on a par with sensitivity. 

6) Mitigation 
, 

As mentioned, the intrinsic values of the Republic material rate a low 

sensitivity level. Within its own right, there simply is not much to be 

gained in studying the Republic site area. Therefore, intrinsically the 

materials there are unworthy of protection. 

The significance they possess can only be in terms of a broader context. 

Here, accurate identification is the first step, and step-by-step leading to 

an understanding of archaeological resources on the East Mesa and within the 

Yuman Cultural development. Decisions regarding the resources must, then, 

be from considerations for the extrinsic qualities the site area possesses, 

or potentially possesses. The extrinsic qualities of the sites cannot be 

actualized unless the artifacts ·are collected and rigorously studied. It 

would, indeed, .be irresponsible to not collect them. There are several 

reasons for this: 

1. The integrity of the sites have already been diminished 
from natural and human agents; 

2. The resources possess no intrinsic yorth in themselves; 
no integrity or sensitivity; 

3. An often used ORV road bisects the largest of the sites 
already; 

4. ~btorcycle tracks show that recreationists are more fre­
quently utilizing this now accessable area for "pleasure;" 
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5. It would be impractical to fence the larger site because 
in time all the surface materials would be downwashed 
agains t the low'er slope perimeter, and merely invite 
further human damage; 

6. Increased secondary impacts on the sites can be expected 
with the widely publicized geothermal developments on the 
East Hesa, attracting persons to the area; 

7. The resources when studied could appreciably aid in the 
identification and evaluation processes elsewhere on the 
East Mesa and ~ithin the larger Yuman Cultural context. 

For these reasons t IVC}f recommends a total collection of the resources, 

though few, within the Republic Geothermal field • 

OBJECTIVES 

IYCM had to meet two major objectives. The first was to determine the 

presence or absence of cultural resources within the subject area. The second 

was to recommend appropriate mitigation measures should such resources be 

discovered. 

METHODS 

To meet these objectives, several methods had to be worked out. In the 

first place, it was necessary to up-date the literature and records data com-

piled since the previous reports. Secondly, map studies had to be conducted 

anew because of recently discovered relationships between adaptive strategies 

of Yumans in the area and elevation contours. From the records and maps 

study IVCM devised a field predictive model that called for a close and inten-

sive examination of areas between the 35' and 45' elevations, and 30' to 50' 

transects through the remainder of the Republic field. 

Miscellaneous sites containing random sherds or tools would be mapped 

and collected, while mitigation measures would be proposed in the report for 

cultural resources of greater significance than for the purpose of identifica-

tion. DOl permit 78-CA-017 allows selective collection~ 
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The subject are,a ,'ontains numerous field reference points, rendering easy 

the task of locating sites on maps. Such reference points include Section 

markers, mapped roads, existing drill sites, and other features from which 

distances and directions can be established. 

Each recorded site was to h~ described, sketched, and inventoried in 

field books as well as located on small scale field maps. Each collected item 

was to be numbered corresponding to the scaled site map sketched in the field 

book. The field bag containing the items would show the temporary field num­

ber, date, location, description of items in the bag, the collector's name, 

and the field book pagination. The items ""ould be sto .... ed at IVCH for full pro­

cessing. 

~ichael R. Waters, University of Arizona (Tucson), whose manuscript thesis 

on Yuman ceramics in Imperial County will soon be published, prepared a typology 

'of sherds IVCM collected two miles south of the Republic Geothermal area. This 

typology will be used as a base for identifying the pottery acquired during 

the current ~roject. 

TYPOGRAPHY A~~ N~TU~~L HISTORY 

The subject area is largely contained in what is classed as the Sand Dunes 

region. It is mostly composed of rolling dunes and intervening swales. The 

dunes support from sparse-to-thick stands of creosote, and many varieties of 

low-profile plants in the moister slopes and drains. Most swales, acting as 

collection basins for the surrounding dunes, tend to pond. Some of theln are 

connected together along a drain system, and bear scatterings of coarse soils, 

from ~and to gravel and pebbles. 

The lIklin s10p<.! is fro:n northeast to southwest, though nowhere but in the 

west quarter of tilt.> sllblc'c:t arr.!a does the slope pattern flow uninterruptedly. 

The slope is not r.::nark<lhlt', however, for there is scarcely more than a thirty 

foot di f feH'lwe bc'c \41.','n the east and west boundaries. Where this does border 
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on impo.tance is in .elation to the existence of ancient Lake Cahuilla, the 

sole attraction this area had for the Yuman aborigines. 

The Colorado River created this lake about the time the Christian Era 

opened, just as it for~ed the Salton Sea two thousand years later. Cahuilla 

(also referred to 3S Lake LeConte and Blake Sea in some of the literature) 

attained its full maturity 1800 B.P. (California State Division of Mines, C-14 

dating of tufa), at a high 1,.1a,ter line of 43' a.s.1. Though the career of the 

lacustrine body .ose and fell as the climate made its rounds through 1,.1et and 

dry cycles, its presence dominated 1,.1est-central Imperial County until late in 

the 15th Century. At that time the capricious Colorado River once again found 

its natural outlet th.ough the delta at the head of the Gulf of California, and 

the la~e rapidly dropped to mean sea level. With a high evaporation rate and a 

hot summer sun, the valley evicted the remainder of Lake Cahuilla 1,.1ithin a few 

years. For a season or t1,.10 several playas and embayments along the East Mesa 

supported marshy 1,.1ildlife along the shrinking banks of entrapped 1,.1aters, but 

declining a~ a supposed rate of five feet per year the no1,.1 brackish water 1,.1as 

soon gone and the area returned to the Creosote Scrub Bush environment it was 

fifteen hundred years before. 

ARCHAEOLOGICAL BACKGROUND 

The Yuman Indians of the L01,.1er Colorado River seasonally visited the East 

Mesa shoreline to fish, "ig for fresh water clams, hunt small game and migr'a­

tory birds, and gather \<IUd foods. Midden deposits are scarce and house sites 

are non-existent, atte~ting to the short duration of these visits. Even the 

lake environment could not provide year round subsistence as could the riverine 

a.ea sixty miles to the east. 

From abvut 900 A.D. these tribes began farming in the 1,.1ide river valley, 

the rudiments of which they doubtlessly learned from their linguistic kin of 
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Central Arizona. Inst~ad of constructing irrigation systems, as did the Arizona 

natives, the Colorado ~iver Yumans relied upon flood ~aters entirely. B~t~een 

middle May and early June the melting sno~s from the Rocky Mountains and North­

ern Arizona sur~ed through the riverine valleys on a seasonally ~ide course. 

While ~aiting for the ~aters to. subside, probably, the natives re-Iocated to 

the East Mesa for two or three weeks, returning when they were able to plant 

seeds in the mucky floodlands. By late July the crops of corn, beans, and 

squash were ready for harvesting. 

The main trail systems between the lake and the river came across Pilot 

Knob Mesa, near what is now Glamis, Indian Pass, and around the Cargo ~!achacho 

Hountains. Small campsites and occasional tools and pottery scatters are still 

found aloog these trails. Most of the lithic tools found at East Mesa sites 

had been fabricated from resources the natives utilized along the way. Though 

·large gravel deposits occur near the old shore, few stones are of adequate size 

or structure for tool manufactury. Native craftsmen needed only a few minutes 

to translate a cobble into a chopper, fist axe, blade, or scraper, so they 

abandoned the tools where their work tasks ~ere completed, rather than carry 

them around. 

Since the natives utilized the shoreline for only a short time, and during 

the warm. season, they traveled light and needed little protection, except for 

perhaps a windbreak or sunshade. East Mesa sites reflect these factors. Numer­

ous cooking sto.nes, small knives and scrapers, abraders or rubbing stones (as 

pumice and medium grained stones) for working wood, some implements for ceramic 

manufactury, and small hammers tones are the more common paraphenalia found, 

along with an occasional projectile point. 

Two miles south of the Republic Geothermal Held are sites similar to 

those discovered north~ard. It is also clear that to approach the banks of 

these embayments and ponds the Indians burned large sections of the shores. 
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They set up.a fish camp at one cleared,area, and from the amount of bone re­

covered it is obvious they vere rather successful in their fishing. Compacted 

and burned mud around evo bone collections indicate that they sometimes roasted a 

fish by encasing it in mud and placing it directly into the fire. Also, large 

sherds vere placed on a fire and used as a fry pan. Most often, however, fish 

were probably roasted on a skever held over hot coals or an open flame. 

No cremation sites were discovered in the Republic project area, though 

such sites have been found elsewhere on the East Mesa. The rarity of them, 

however, suggests that the East Mesa was occupied for only short periods; that 

the elderly did not accompany migrants to the shore; and that the numbers of 

people utilizing this resource were not large. 

Wind and water soon erased the surface evidence of temporary campsites 

the natives established in the desert.' Bu~ed wood, ash, food remains, small 

tools, brush shelters, and pottery fragments became scattered over a wider and 

wider area. The fish camp mentioned already is especially significant because 

it possesses ~tratified deposits intact, and these can be dated with Carbon-14 

methods. Too, because this site was contemporaneous with others in the imme­

diate vicinity and probably vith those in the Republic Geothermal area, the 

one date will confirm or suggest the time frame for the others within the same 

elevational range. The identification of Republic ceramics will assist in 

determining intersite relationships. The typology that Waters prepared for the 

southern sites will form the base for comparing the sherds within the Republic 

area. These remains are the best index we have for determining whether the 

users of the shore were from the same riverine tribal territories. 

FIELD RESULTS 

Our record searches showed that four sites had been previously discovered 

within the subject area (4-Imp-125, 135, 307, and 309). North and west of the 

subject area, but within a quar~r'~fle of the perimeters, seven sites had been 
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recorded (4-1mp-124, )03, 304, 305, 306, 308, and 1420). All of them were on 

higher ground, about the fifty-foot line, indicating that they were older than 

those within the subject area and were probably coincident with the high stand 

of Lake Cahuilla. 

The current project discovered nineteen archaeological sites (4-1mp-2933, 

2934,2935,2936,2937,2938,2939,2940,2941,2942, 2943,2944,2945,2946, 

2947, 2948, 2951, 2952, and 2981, all of which were between elevations of 41' 

and 35'. This variation coincides with sites discovered in the area two miles 

south, with similar kinds' of artifacts. The essential difference is that no 

features were found in the Republic 'siting area, while a fish camp and cremation 

site were discovered in the other. It should be noted, however, that the fish 

camp was on a subtle rise protected from drainways, while most of the Republic 

sites were located on slightly sloping terrain, subject to downwashing. 

One site (4-Imp-2942) contained an historic item as well as aboriginal 

materials. The item was a wooden box, with six divided compartments, contain­

ing various pieces of metal parts, including two dummy bomb fuse plugs (MK XXI, 

Mod. El), and outlet plugs No. 236142-1. Twenty-seven feet east of the box 

was another fuse outlet plug. The coverless box (27" x 22" x 24") is no doubt 

related to militnry exercises conducted during the Second War when the United 

States Navy established the Holtville Outlying Field, one mile north of the 

reported site. 

All nineteen sites contained pottery, attesting to· the importance of this 

ware. Debitage was recorded at 4-Imp-2939, and a hammerstone was noted at 4-

Imp-2938. 

The largest site so fnr discovered on the East Mesa, (4-Imp-2936), contains 

over 1,500 sherds, as well as debitage, cores, abraders, paddles and anvils (for 

ceramic manufactury), scrapers, possibly knives, a chopper, a fragmented mano, 

and numerous thermal fractured stones. The site covers an area nearly 100m x 75 

m, and on slightly sLoping terrain at a mean elevation of 38' a.s.l • 
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4-Imp-2938 and 2939 are smaller than 2936, but nonetheless are impressive 

with nearly seventy-flve sherds in each. These sites are in gravel laden swales, 

between sand hills, at the edge of Cahuilla playas. 

The identification process of sherds collected at Republic is now complete. 

The pressure of time prevents us, however, from re-writing the anticipatory 

sections in the early part of the report. Those were prepared before the typo­

logies of East Hesa had been worked out. 

What still remains to be identified are the sherds at the three larger 

sites mentioned above. These were not collected, but in order to assign 

assuredly a final level of significance to the subject area and other East 

Mesa sites it will be necessa~! to run a laboratory analysis on them. At that 

vantage point we will have a solid base from which to assess and to place in 

order all other East Mesa sites. 

A trial examination in the field showed discriminating evidence amongst 

the sherd population that was not revealed at the smaller and collected sites. 

Again, while·the collected sherds are within a fraction of being uniform in 

type, different types are present at the larger sites. Here it appears that 

the larger sites will conform clos~ly to the pattern deduced from five East 

Mesa sites IVC field classes excavated years ago, the data from which has now 

been analyzed and all items identified (4-Imp-102, 103, 104, 105, and 106: 

Barker and Burton, 1970). 

285 sherds were collected at the five sites, and are now arranged into six 

types. The ?ercentages for the populations of each of the types are remarkably 

close amongst the sites, as is shown in the tables below. The collected sherds 

at Republic do not conform to this pattern. 

The dominant type from sites collected at Republic and the five sites is 

Salton Buff. Of the 180 Republic sherds, all but one were Salton Buff, the 

maverick being Tumcn Buff. The percentages show type distributions. 
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TABLE 1 
I 

102-106 Reeublic 

Colorado Beige 1.4 0 

Black Mesa Buff 1.7 0 

Tizon Brown 4.6 0 

Colorado ~uff 11.6 0 

Tumco Buff 18.2 .18 

Salton Buff 62.5 99.82 

· As can be noted, the breakdovm at the five sites maintains an approximation 

to the percentages for the sites as a whole, excepting Republic. 

The non-Salton Buff types are essentially riverine, indicating that Yuman 
'/1 " 

groups from the Colorado co-mingled with the Kumeyaay at the lake shore. The' 

collected sherds at Republic are no doubt from Kumeyaay family units camping or 

working independently of bands. 

It is also clear now that the Kumeyaay freely utilized territory along the 

Colorado Rive~ traditionally assigned to the Halchidoma (Barker, 1972; Castetter 

and Bell, 1951; Forde, 1931; Gifford, 1931, Forbes, 1965; Harner, 1958; Hicks, 

1974; Kroeber, 1920, 1953: Rogers, 1939, 1945), and indeed might have occupied 

at least portions of the territory when the Mohave drove the Halchidoma into 

Arizona during the l830s. The evidence here is the collection of Salton Buff 

sherds retrteved along the main trail system within the Sundesert Nuclear ~lant 

Site near Palo Verde and the Colorado River. The numerous sherd sites on the 

lower bench of Palo Verde }lesa at Sundesert will be able to confirm this propo-

sition when the identification process is completed there. 
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COMPARISON OF SHARDS AT SITE'102 TO EAST MESA REGION 

Because Tizon Brown ware is geographically and culturally nondiscriminatory in the Lower 
Colorado River Basin--i.e., it occurs everywhere--the tables are drawn with and withQut 
its weight. 

Site 102 Sites 102-106 Sites 103-106 
% of Total Shards % of Total Shards % of Total Shards 

Including Including Including 
1/ of Shards Tizon Brown II of Shards Tizon Brown . II of Shards Thon Brown 

Colorado Beige 4 1.4 4 1.5 

Black Mesa Buff 1 4 5 1.7 4 1.5 

Tumco Buff 8 33 52 18.2 44 16.9 

Salton Buff 9 38 178 62.5 169 M.8 

Colorado Buff 4 17 33 11.6 29 11.1 

Tizon Brown 2 8 13 4.6 11 
.' 4.2 

Site 102 Sites 102-106 Sites 103-106 
% of Total Shards % of Total Shards % of Total Shards 

Excluding Excluding Excluding 
1/ of Shards Tizon Brown /I of Shards Tizon Brown II of Shards Tizon Brown 

Colorado Beige 4 1.5 4 1.6 

Black Mesa Buff 1 4 5 1.8 4 1.6 

Tumeo Buff 8 36 52 19.1 44 17.6 

Salton Buff 9 41 178 65.4 169 67.6 

Colorado Buff 4 18 33 12.1 ·29 11.6 



I 

COMPARISON OF SHARDS AT SITE 103 TO EAST MESA REGION 

Site 103 Sites 102-106 . Sites 102, 104-106 
7. of Total Shards i. of Total Shards % of Total Shards 

Including . Including Including 
1/ of Shards Tizon Brown 1/ of Shards Tizon Brown n of Shards Tizon Brown 

Colorado Beige 4 1.4 4 1.5 

Black Mesa Buff 1 9 5 1.7 4 1.5 

Tumco Buff 1 9 52 18.2 51 18.6 

Salton Buff 6 55 178 62.5 172 62.8 

~ 
Colorado Buff 3 27 33 11.6 30 10.9 , 

tv ttl Tizon Bro~ 13 4.6 13 4.7 
00 t-< 
I M 

w 

Site 103 Sites 102-106 Sites 102, 104-106 
r. of Total Shards % of Total Shards i. of Total Shards 

Excluding Excluding Excluding 
1/ of Shards Tizon Brown n of Shards Tizon Brown n of Shards Tizon Brown 

Colorado Beige 4 1.5 4 1.5 

Black Mesa Buff 1 9 5 1.8 4 1.5 

Tumeo Buff - 1 9 52 19.1 51 19.5 

Salton Buff 6 55 178 65.4 172 65.9 

Colorado Buff 3 27 33 12.1 30 11.5 



COHPARISON OF SHARDS AT SITE 104 TO EAST HESA REGION . 

Site 104 Sites 102-106 Sites 102, 103, lOS, 106 
% of Total Shards % of Total Shards % of Total Shards 

Including Including Including 
II of Shards Tizon Brown /I of Shards Tizon Brown II of Shards Tizon Brown 

Colorado Beige 4 3 4 1.4 0 0 

Black Mesa Buff 2 2 5 1.7 3 1.8 

Tumco Buff 21 18 52 18.2 31 18.2 

Salton Buff 75 65 178 62.5 103 60.6 

>-i 
Colorado Buff 10 9 33 11.6 23 13.5 

I ):-
N tJj Tizon Brown 3 3 13 4.6 10 5.9 
\0 L' 
I 1:'1 

.t:-

Site 104 Sites 102-106 Sites 102, 103, lOS, 106 
% of Total Shards 7. of Total Shards 7. of Total Shards 

Excluding Excluding Excluding 
II of Shards Tizon Brown II of Shards Tizon Brown II of Shards Tizon Brown 

Colorado Beige 4 3 4 1.5 0 0 

Black Hesa Buff 2 2 5 1.8 3 1.9 

Tumco Buff 21 19 52 19.1 31 19.4 

Salton Buff 75 67 178 65.4 103 64 .4 

Colorado Buff 10 9 33 12.1 23 14.3 



COMPARISON OF SHARDS AT SITE 105 TO EAST MESA REGION 
.'.:.i;~ 

Site 105 Sites 102-106 Sites 102-104, 106 
% of Total Shards % of Total Spards % of Total Shards 

Including Including Including 
II of Shards Tizon Brown II of Shards T1zon Brown II of Shards T1zon Brown 

Colorado Beige 4 1.4 4 1.5 

Black Mesa Buff 5 1.7 5 1.9 

Turnco Buff 2 8 52 18.2 50 19.3 

Salton Buff 19 73 178 62.5 159 61.4 

>-3 Colorado Buff 3 11 33 11.6 30 11.6 
I ~ Timeo Bro¥D 2 8 13 4.6 11 4.2 w t"" 

0 t'1 
I 

\.n 

Site 105 Sites 102-106 Sites 102-104, 106 
% of Total Shards % of Total Shards i. of Total Shards 

Excluding Excluding Excluding 
II of Shards Tizon Brown n of Shards Tizon Brown II of Shards T1zon Brown 

Colorado Beige 4 1.4 4 1.6 

Black Mesa Buff 5 1.7 5 2 

Tu.:nco Duff 2 8 52 19.1 50 20.2 

Salton Buff 19 79 178 65.4 159 64.1 

Colorado Buff 3 13 3J 12.1 30 12.1 



" 

COMPARISON OF SHARDS AT SITE 106 TO EAST MESA REGION 

Site 106 Sites 102-106 Sites 102-105 
% of Total Shards 7. of Total Shards % of Total Shards 

Including Including Including 
n of Shards Tizon Brown II of Shards Tizon Brown n of Shards Thon Brown 

Colorado Beige 4 1.4 4 2.3 

Black Hesa Buff 1 1 5 1.7 4 2.3 

Tumeo Buff 20 18 52 18.2 32 18.2 

Salton Buff 69 63 178 62.5 109 61.9 

>-'I 
Colorado Buff 13 12 33 11.6 20 11.4 

I G; Tizon Brown 6 6 13 4.6 7 3.9, 
w .. 
f-' t>l 
I 

(]\ 

Site 106 Sites 102-106 Sites 102-105 
% of Total Shards % of Total Shards % of Total Shards 

Excluding Excluding Excluding 
II of Shards Tlzon Brown (J of Shards Tizon Brown II of Shards Tlzon Brown 

Colorado Beige 4 1.5 4 2.4 

Black Mesa Beige 1 1 5 1.8 4 2.4 

Tumeo Buff 20 19 52 19.1 32 18.9 

Salton Buff 69 67 178 65.4 109 64.5 

Colorado Buff 13 13 33 12.1 20 11.8 



SUMMARY AND CONCLUSIONS 

At long last the patterning of East Mesa sites is beginning to emerge. The 

key has been the identification process from which assessments of significance 

are possible. Geothermal interests motivated the intensive examinations con­

ducted there for which the industry deserves notice. 

Since Salton Buff pottery predominates along the western as well as the 

eastern shoreline of Lake Cahuilla we can assign it to the Kumeyaay of Imperial 

County. While settlement patterns of Yuman groups exploiting the East Mesa have 

not been worked out yet, it is clear that the Kumeyaay and riverine Yumans co­

mingled along the lake as well as the river, supposedly employing similar adaptive 

strategies. The details can be resolved archaeologically, but a total research 

design on a massive scale needs yet to be for,med. 

A completed analysis of the materials at Republic and Magma. in conjunction 

with the excavated units at the five East Mesa sites. will provide the base for 

all future site identifications and assessments. 
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Vicinity of proposed well - 58-24 

T 15 S, R 16 E, Section 25 

Looking West 
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At injection well - 18-28 

SE~, Section 29, T 15 S, R 17 E 

Looking Southwest 

-36-





.' 

At injection well - 52-29 

T 15 S. R 17 E, Section 29 

Looking North 
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1/2 mile south of proposed production well - 54-19 

T 15 S, R 17 E, Section 19 

-38-





c • 

Sherds in SE~, Section 25, T 15 S, R 16 E 

-40-





Near injection well - 18-28 

SE~, Section 29, T 15 S, R 17 E 

Looking west 
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Yx. :;'ri t.z" :·':"'o~'n, ~r' t i'ient 
~i~It:~hall ': L"ib'l.l co~;r.-::l' 

? O. Box 1352 
Yuma, .:.. ~ 8;)64 

Dear -:-reddent 2ro .... 11, 

In cor::plhnce \.Iitb your telephone directive of 22 December 1977 I 
ar.: requ'~:3c in'." th'.:? ';,uecbr. Tribal Council to deterr.li.r.e whet.her the In.nds 
described r.clo·, a.-e of reliziou3 or sacred significanc~ to the '~ueC!-'lln 
Tribe, and if not, to issue a \lrittcl1 declaratio!\ of no-interest to 
tha t af:'ect. 

The lane, vhlch is scl'eduled for development, is \lest of the Sand 
Rills fourteen r.:iIes, and .... est of' ',[interr.aven .!lome thirty miles. The 
square-mile par~~l is in T165 R17E, Section 7, adjacent to the Hi~hline 
Canal at the e!:l.st ed:-e of Imperhl Valley. The site area is sho\olll on 
the accoLpan~'inh" r.-a;::. 

The a:"cb8.~olodc~l n;'1.terials that vc Mve recorded .... ithin this Section 
are of t.he ·;W!'.an Le. to-Prehistoric horizon. They include sca.tters of 
pot s .. erds, SOi'.e rumic~ abraders, al!<."i threa ~pfire areas. There are 
no cre~\tion Sit:3, living sites, shrines, or religious iterr.s. The 
people .... ra ~tiliz ,d t~is area were ~inlj axploitin~ the Lake Cahuilla 
s~or(?lir.e .<>.t tr.," ~i:-.e the lake ,,'as dieappe:lring, gerhaps sli~htly less 
than five hundr'.:?'': yc".rs a~o. 

The Cal':':ornia 3ta ~E' Eistorie Pr'3ser'nltion Office asked tr.at ve co.nta~t 
tr.e nearest ::a~ive A;:-.erican group to !!:ake aura that the peoples nol.l 1i'f­
in, did not ho'd the ~~e~ in sc~ sacred or religious regard. ~hough 
the arc:'! is not ir.'(uecban territor-; , I beHeve tr_'1.t the '~ecrlln Trioe 
is t"'e nearest. livir:;: :';ative A'r.:erlca.n group to this area, and is the one 
I s~ou~d contAct. 

1n'oe;eJ'" 'tou"s , 
t J - ., t 

Ii , 

it! ' 
'\ \ \ \ 
i l t ., . 

Ja:l'von :·;·):--~~c):, 

IVCH Arcl:.a::c: o!Ziet 

cc: Arone L.'lo,~e, "L" 
~oc ~:c~.t, P~::"s 

t!il! Sei(:,:~l, -::~: 
S+ ...... ·r("1 "j t ,""a !>'!:"" 

IMPERIAL VAllEY '-COLL{CE' ,\\'USEUfA 442 MAIN STREET El CENTRO, CA 92243 
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BOTANICAL INVENTORY 





Botanical Survey of Republic Geothermal, Inc. 's 
Proposed 84HN G~otherr;ldl Generating Plant 

a.~1d 
As~ociated Field Development Operations 

Prepared for USGS and BLt-l 
by 
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Environmental Botanist 
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A. Introduction 

A-botanical survey of Republic Geothermal Inc. 's 

proposed 481'-1\'1 geothermal electrical gene-rating plant and 

associated field development operations was requested by 

United States Geological Survey (USGS) and the Bureau of 

Land Management (BLM). These -facilities will be located on 

Republic Geothermal, Inc.'s (RGI) Federal- leases CA-966 

und CA-1903 in the East Mesa Known Geothermal Resource 

Area, Imperial County, California. The leaseholds include 

s2ctions 24 and 25 of Rl6E T15S and sections 19,20,29 and 

30 of R17E T15S on the Holtville East Quadrangle (7.5 min. 

series) USGS map (see map following). 

The detailed field inventory on RGI~s proposed 

areas of surface disturbance was conducted as outlined in 

the scope of work supplied by John Durham (USGS) and 

Maureen Hales (BLM). Successive rechecks of the propos~d 

rX)\'7er plant sites and of the extensive, dense EriogoDl..1~~_ 

d(:sertic~.la population in sections 19 and 30 V7ere made 

at ~'l(:ekly intervals to be certain no Ammobroma sonorae 

had sprouted. Care was taken to adequately search all 

proposed installations as shown on Republic's drawing 

199-14 (see composite, figure 1). 

Pursua~t to compliance with the guidelines set 

f()l~th in Ttc Endangered Species Act of 1973 a detailed 

study of the vegatative resources Has undertaken. r:t had 

t~o main thrusts. First, a literature and herbaria search 

was conducted concerning the followirig species: 

1. Arr.mobroma sonorae 
2. Croton wigginsii 
3. Heliantilus' nivOus var. tephrodes 
4. Palafoxia llnearis var. gigantea 
5. Pilosty1ps thurberi 
6. Astraaaius lentiginosus var. borrcganus 
7. £.~stra~Jalus ~a9delenea -var. pi~rsoB."l~--

Griogonn~ cleserticola '>vas specifically excluded from this 

study by the scope of work. It is only discussed as it 

impinges on the lack of evidence of Ammobroma sonorae. 
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Second, an extensive field search and floral in~ 

ventory were made. 

?he literature study reveale~ many facts and opinions 

about the seven sensitive plants~ 

B. Endangered Species Sought 

1. Ammobroma sonorae 

i\.mmobroma sonorae is a perennial forb liste~ by 

the California Native Plan·t Society (CNPS Spec. Publ. No.1, 

1974) as being an Endangered specie and it is also on· the 

Federal Register (~FR June 16, 1976l as a proposed Endangered 

specie. It is cOT!1monly known as Sand:-:Poo.d. It \<lC'.S used by the 

2..:b·:)rigin9s for ·food. (l\bram·s, 1960; J·ep·;.;6n, 1923 i Kirk ;1973) If 

is found below 500 feet elevation, usually in drifting sand, 

in Southestern Arizona, South~astern California and Northern 

Sonora. (Hu;.-J.z, 1974·)" I't is a root-parasite found on Coldenia 

p]:.i.cata, Coldenia pal!"ileri., and ErioSIonum de!:?er-cic~L~.. !-·luch 

(l ~ ·th2 exar"ined literature \'las vague about p.m~Eob~om::: '·5 host 

p..'-,·.·,.::.s. I-1c1.::Y list.ed one or tHO species· a·ndadded "etc. II and 

others just said If on desert. shrnbs " and gnve no examples ' . 
.. 

Abr~ms describes its type locality a~ ~dair Bay, Sonor~ and 

also mentions the other locations already noted. (l\bra!1~s r 1960) 

Jepson is very specific noting it as located "on the Colorado 

Desert at Ogilby near the Hec1ge3 Mine. II (Jepso!1, 1923) 

This year lhere was a particularly apundant crop 

of Amm0bro::!:1. in the Algodones Dunes. Many stands '1 .. 1erE~ presen·t 

along the highway to Glamis that were not extant at the time 

of li.TESTEC 1 s survey_ o·mSTEC,1977) It is apparent that the 

aJditional rainfall of last fall and spring ~rought forth 

n .. my neH colonies. One group had over 200 indi v idnals in it. 

One large inflor~scense was 12cm in diameter~ All indiv~ 

idu.als I Sa\·l 'i·;rere h.osting on ei-ther Coldenia or Erioqonum., ------ -.~-:-- -
Though the hosts were abundantly available, no Ammobrom~. 

was found on the Republic site. 

2. Croton ~igginsii 

Croton vligginsii is also,]. perennial listed on the 

Fed2r~1 and CNPS lists as a proposed Endangered specie~ It 

is dcscr ibec1 as being found in the sand d.unes \'1es t of Yur,'tCl, 
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,',' c1 SOUt'l to Sonoca. C:,lunz, 197:1 t Abri:lffiS notes its 'type 

localit.y's Adair Bc~y, Sonora .. CAbrams,1960) TIlis specie ~·;as 

c" ) extre;:',ely populous, in the dunes this year, but I h' \TC 

nc seen it elsewhere., It Has not foun~1 on 't.he I:,~publ.i.c lCi:lse. 

~. Helianthus niveus ssp. tephrodes 

Helianthus niveus ssp. tephrodes, or desert sunflower, 

j.:,~ ano'cher perennial listed by CNPS ::arid "the··Federitl'Regi~:.;.l:er 

C.:,- a proposed Endangered specie. Its type locality is the 

Co lorado Desert:, ~ California 'and it' also oCC'urs ih north:... 

WC3t.ern Sonora, Hexico., (Abrams,1960) This handsome plant had 

a large representation in the Algodones Dunes this spring, 

but no specimens were found on the surveyed property_ 

PRlafoxia linearis gigan'tea 
-'---~ -! .' -----

Y',lafoxia lin~3.ris var. g.i5Jantea or Giant Spanish 

needle is listed as a proposed Endangered plant on the Federal 

,a:~,i. CNPS lists. fvlunz says it is cornmon in the sand hills wes'c 

u~ Yuma in Imperial County,Ofunz,1974} The area of the 

'p::::oposed geotl1<':~rmal acti vi tes had a numerous ' population' of 

?alafo:cia li.ne"l.ris var. linear:) s ('some specimens \Vere quite 

large), but there was no observation of var~ gigantea, Giant 

f~r}allisl1 N·?edle \"0.3. also .ab.ulldantly-. present in ·the d.u11es .. this .. 

Spanish Necd1.e usually blooms in the Spring and Fetll, 

bll.'C platlts have been obsei:ved in bloom at almos'c, any time 

one visitad the desert last su~ner and same even bloomed 

th~nugh the winter in the Yuha Basin east of El Centro. 

S. Pilost:yl-ys t!turb,2::::-i 

Pilostyles thurberi is a perennial which blooms 

i', ',:1 CL-r?S lis 

[t is a proposed Endangered specie on the Feredal 

Since it is only noticeable when it blooms 

due its extrell:'2 minuteness, one might erroneously' question 

the validity of a positive statement of its absence on the 

Republic lea.~,~. But the literature states that it is a parasite 

on -the st.ems of D=lleae, especially Dalea __ cmorY2 (J>lunz, 197 t1 ; 

Jepson,1923;Abrams,1960) and since there were no Daleas 

present on the sections surveyed, I do affirm the absence 

the proposed work areas. 

G. 1'>st'CaCl,' l us lentig inosus var. borr~9anu~ 

This plant is called a proposed Endangered spec~e 



by C~\[PS and \'TaS f lrst identified r as its name imr)lies, 

a~ ~~rr8go Springs,. California. (Jepson,1923) Abrams says 

i, ': e:-;:f.:ends from Borrego S?rings to Yuma, ]\rizona. (l'",brams, 196:j) 

1 ~ is con1!Tlonly knmvn as Borrego loco'l;'leed. 'rhough I have 

seen it in the Algodones Dunes, it was not found on East Mesa. 

7. As~ragJlus magdelene var~' piersonii - --~. . -. ------
This specie which is also Rare and Endangered as 

. . .. 
consiuered by CN?S is describe<3. by' Murrz as having its hahitat 

c~ly in the sand dunes of the Colorado De~~rt. (Munz,1974) It 

was not present on the Republic site. 

8. Eriogonurn deserticola 

'Though Eriogonum deserticola was excluded from this 

study because of Atlantis Scientific'·s adequate coverage, 

,there arc some details th~t 1 believe are necessary for 

consideration because of the iml)Urtanqe of the Arrunobroma. 

~~erc is a large population of Eriogonum which is most. dense 

in north~central sec~iofi 30 and~n south~central sectiori 19~ 
. . - . 

These plants, when viewed from a distance, have the appearance 

of health and vig0rous gr6wth; Closer inspection shows the 

gco.unc1 at t.he b,ase o~ epch to be he~vily ,infest~c1 \'7i,t,h ter!Ui·te~ 

(~any rodents. were seen during 

the survey) Also several plants looked like miniature trees~ 

'l'hcir met.er-long vertical st:ems 'Vlereexposec1 like trunks 

because the sand had shifted away from a plant formerly at.op 

Q small dune. Other anomalies observed during the survey were: 

'l';;e t-n~ese:lce of many leaves on the plants and the heig'htened 

color (bright blue-green and apple~greenl of stem segments. 

Usually at this time of the year there is less color and very 

few leaves. Also there were many individuals budding and 

blooming,which is quite out of character for this time of year. 

Because of the pest infestations Ammobr~~ is unlikely 

to be found. Both rodents and termites undoubtedly feed on it 

before it has a chance to surface. There is also the possi­

bi1.1 ty t:hat, if an 0:mm0b}~~)ma population CV'2r c:-:isted there, 

these pests have so decimated its root~stock it no longer 

exist.s. 

r:-'J t c.:zhibi t this in.cesL.l.·cion. Some termite evidence wa3 
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found and some roJents were seen, but only to a much lesser 

de0ra8 than observed on Republic's land. 

C. Mathodology of search 

In order::,) present ,=). complc·te and accurat:e floris·c.ic 

;;::11!"ve.: and determine the presence or absence of any Rare, 

f -anyered,orThreatened species the following methodology 

\Y.":; used: 

Rc.:'lc1s All roads were cleared for the three alternative 

d;~lopment plans. A walking search was conducted making 

t:'k trav.er,ses that \'~ere. pa~a~,le,l to. ·the .prOL?.o.se:-1. r.<?~~~ a~:-1 

wtlich lay 50ft. from either side of the center line of the 

proposed roadway, thus examining 100ft. on each side of the 

center line. This area was broad enough to cover the area 

of disturbance caused by pipelines. 

Power Plant Sites All three power plant sites and a 300ft. 

h1.ffer zone to the north and west of each site I'lere examined. 
, , 

;'ar.alleltransects ~'lere walked at -100ft. inte:cvals, b'2ginning 

2t the 50£t. transect, until the entire area was surveyed. 

'Iransmi.::;si.cn. Line Eoutes The transmission line routes 
. '. . . . ... .. 
for all proposed plans were cleared for 100ft. to each ~ide 

.- .... 

of the center line. Two traverses which parallel the proposed 

L',.)utcs c.nd were 50ft. from e.l:·ther side of ·the cBnt.e-r· line 

V' :~rc ':Talked. In this manner the 200ft. zone was cleared. 
~ 11 .1..' A L-n,e drill paus sho~m on developmen t plan B 

,'2re searched. '1'11:-;S8 drill pads measure 250ft. by 300f·c. 2nd 

a 50ft. buffer zone was required on each side of the site. 

These were searched by walking parallel transects at 100ft. 

intervals, beginning at the 50ft& transect, and continuing 

until all the area had been surveyed. 

These roads, power plan't:: i3'i'tes "'::t,:tctfY~;nrisf;i:on~ tiite 

routes, 2nd drill pads were located by using RGI~s drawing 

199-14 (see facsimile composite figure 1) 

Field work was conducted in April, May and the first 

2 weeks in June of 1978. Material was also drawn from ficld 

notes made in August 1977. The original data is housed in 
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my offica at 1082 Hamilton Ave. in El Centro, California 

and copies are housed at Imperial Valley Museum. (1" .~) The 

photographs i'lere made b:::l IVCH sta:ef in April of IS" ,'. 

D. IIabita·t and Flora 

Two subdivisions of the Creosote Bush Scrub Community 

exist within the proposed area of geothermal operations. They 

are Sonoran Creosote Bush Scrub and Semi-stabilized Desert 

'Dunes (see photo~raphs following). 

The list of flora follOi.ving was compiled from 'species 

extant in early April. Relative abundances are indicated 

in this manner: 

1 = very infrequent 
2 = occasional 
3 - fre~uent 
4 = abundant 
5 = very abundant 

The state of these plants in mid-May when thesu~vey 

took place is noted by the follOi'ling symbols: 
Ii = blooming 
F = fruiting 
E = extant, but not blossoming or fruiting 
D - dried, ske let;a1 remains on:1.y 

(see list following pages) 

All species ~ere larger, more populous and exhibited 

greater longevity then is usual. 

Larre~ tridentata varies greatly in size and density 

hroughout ~he lease. All plants were vigorous, and many were 

both blooming and fruiting. Density of stands varied from 

2 meter centers to 15 meter centers, and heights varied from 

seedlings a few centimeters tall to 5 meter high adults. 

There w~re thousands of seedlings and older specimens sho~;ed 

neH grovlth. 

All annuals were of increased size and density. 

Particularly notable were the PalRfoxia linearis var. 

lin0.:lris, Oenthera c1e!.toides, C{)missonia bn~vipes, and 

~3dileyc~xiJ.uciracliat~. The dun:: primrose skeletons or bird­

cC'J.cJes u:::e extrem'21y nUr.lsrous and lll.::tn:}1 are 16 to 20 inches 

tall. (see photogruph following) 
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FLO R1\ !~:>':~ .7\.?,!T O't;! ~.~,~.~~;!)3:S2~ (.: r? ~ ".;-",.('!:~ ,~,~.~ .. -, '"~:\ T l;?'-\;~ ":"7"!!) ~ J":I<: I ~.; E!-1 RLY AP:q! IJ 

SCI C~TIFIC 1'T;'\~\lE 

Abronia villosa var. villosa 

Ambrosia dumosa 

Aristida Californica 

~_tripleX canescens 

B~ileya pauciradiata 

~amissonia brevipes 

Chorizanthe rigida 

Coldenia p:'ilmeri 

Coldenia plicata 

Cryptat.ha anqustifoli~ 

n ' ,-' l'.r.:' ~~~nyr~a ca l£orn~ca 

Ephedra californica 

Eriogonum deserticola 

CmIE'lON Nl'J:·'!E 

San(l. v·:·rbena 

Bur~~,HJO 

'I'hree-ClVll1 grass 

lVingscale 

Lax flower 

Yello,:l cups 

Rigid spinoy ~erb 

Palmer coldenia 

Plicate doldt".!nia: 

Forge·t-me-not 

Spec·cacle .. pod 

Californ~a,joint fir 

Desert bucb:lheat 

Euphorbia polycarpa var. polycarpa Sand mat 

Haplopappus acredenius eremophilUs Holly-leaved golden bush 
- ',' 

Hesperocallis undulata Desert l~ly 

Hilaria rigic1~ Galle'ca grass 

Larrea tridentata Creosote bush -----

?:Ientzelia J.?ub~rul~ Rough..,-stemrnec1 blCl'?ing star 

occur,;,.:<. 
ABUND~« :.:E 

~----

2 

3 

2 

3 

4 

4 

2 

2 

2 

2 

2 

2 

4 

2 

2 

2 

2 

5 

3 

r-n:.·;':"' .. 
~~J~f, .~4_~JS 
----

D 

E 

D 

E 

D/few B 

D/fe~,v B 

D 

E 

E 

D 

E 

E 

E/B 

E 

E 

D 

D 

B/F 

D/fe\·J B 



~ 

,-d 

OellO t"h2l'i'i (~21toid(':::; .------.. ---.-.-.. ~-.----.----

Q~_~:~l~~~~_ r -i::;._'~.~1.2}- f 0 Ii a 

Palafoxia linearis v~r~ • J 

gl?a~~ ::.(~~ 

Plnn~ago insularis 

Plncl!cc, sericea 

Phoradendron californicum 

Podaxis nistillaris 

n " d 1 1: r9~;oplS g .Lan u_osa var., tor~ey~~~).:. 

Salf]ola iberica 

Schismus barbatus 

Siszmbr.i.~m iri~ 

Tamarix ramosissima 

D1..1 11C: p}::-.1"jr.',:(:.':c~C' 

IJin8&r-lea"C'(1 camb:::-:,:,:::; 

Giant Spanish, nce~:c ' 

v-loolly plantain 

~\rro\v..,-wsed ' 

Mesquite mistletoe 

Fungi 

Honey mes,quite 

Russian t'histle 

Mediterreah schismus grass 

London rocket 

'I'amarisk 

" 

tl DIEs-- ., ... '/. Jj 

3 D 

5 D/few B 

4 D 

2 E 

2 E 

2 D 

2 E 

2 B 

5 D 

2 D 

2 E 
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n,,[·· ... seeds have germinated a·t nCl!1-representati ve 

t~n23 and some species have been extant almost continuou~ly 

for the ILlS t t'l,y'O years .. 

Precipitation records of tho. Imper:i.:'.l Irrigation 

P:~tric·t at Imperial, CalifoI::lia inc1.icatethat the rail~-call 

fo~ 1976 and 1977 was over twice as heavy as that for the pre­

( ding 6 years, with very heavy rainfall in 01th8r August or 

September. December of 1977 had nearly an inch of rain and 

the first quarter of 1978 has had two inches. Since 1970, 

through 1975 had a total rainfall of two or less inches, it 

can be seen that the past tw'o and one half years hav(~ be':~n 

truly atypical. The 64 year mean rainfall has been only 2.81 

inches per year. There has not been a comparable rainfall 

SHlC2 1966 1>111en there \'las 4.25 inches. (see figure 2) 

The data presented in figure 2 shows that, except for 

Ul8 extr(~I:1e n-::txiiii:;.Ll: in 1970 and the extreme minimums in 1971 

a~d 1972, the temperature span has remained quite constant 

::-,:c -the past eight· years. '1'he variable then for plant pro'­

duction has been the rainfall. Denseness of populations, 
, ,-,," d 1 

.S.lZ0 QI. lnc.lVl no,. 5.,. and varie·ties of species ,has .been 

optinI1.Lll·· since the fall of 1976. Thous6nds of ne'\'l seedlings 

for such speci'2s as Eriogon':L~~9..s~rtic~la, Amb~_osia dumo_12E:. 

I::.!-r}y~e)~. c.E.~scen~_, La.rrsCl. triden·tata., Prosopis glClndul()s~~ 
'\r;:'j ...... -'-or·r~.:· ... ·"':)'t"::l 'r-··, ;::t~;"t .. ...... ::lP ... O(":';SC').·iT;- KramCl*\-''';a c"fray).' and D"'Jea 

• __ .t.. -==-....::..::...::_ .. L~' --=-:::'.::::-'-=-=':~_J..C,," "'.l.~ i:> ••. 0., C h".J .. - ;J_-__ . .-:~_-_. 

Bl,'nosa ca~e up in the spring of 1977. Most of the seedlings 

surviv2d the ensuing summer and winter. They have had two 

in:>1.E'.-:s of rain s:Lnce January, so 'perhaps they 'dill ma}:e it 

through this summer also. 

J!. Conclusion 

Since these last two and one half years have presented 

perfect conditions for germination and growth, it seems 

reasonable to assu~e that, if the seven sensitive plants were 

go~:g to be on Republic I 5 leasehold, they would have been 

apparent this year. The ~rea W2S searched carefully over a 

long enough period of time that had any Endan~cred or 

~-.l.i~f::at.;c::nec, specie::.; beem present, they \,yould have bc;cn de l:.ectecl. 
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TEHP .sp.J"\TUnES AND RAIN? l\TJ L IN 'l'HE IHPERI2\L VALLEY 
'i'ota1 Temperatnres 

Year Rain [.l.n.x _. Min. iVleo.n -- ---
1970 1. 6~; 119 29 73 

1971 1. 29 115 23 72 

1972 2.16 116 24 73 

·1973 1.28 117 30 73 

1974 1. 98 116 28 74 

1975 1.19 115 31 72 

1976 5.08 115 29 73 

1977 5.21 115 33 74 

1978 1st 1/4 2.00 

fig. 2 



i·t therefore se€:J11S justi:Eiu.ble ·to considel: that ·this U.rea is 

not, in fact, a habitat of theso se"ven sensitive plants. 

I do no·t believe that the inee-eased humidity from the 

cooling tower vapors will adversely affect the plants any 

more than canals do. As a matter of fact, close observance 

of populations near these humidity increu.sing installations 

shows the plants to be more abundant and viable than those of 

the same species on the open desert far from a moisture 

source. 

Atlantic Scientific's statements about soil~salt 

content, flash damage, uncondensible gases, etc. and the 

nec83sity of revegetation have been considered, but in the 

first operative geothermal areas the revegetation appears 

to occurring naturally. These plants are able to bear much 

pun 1_s11.fi!ent from the ele:rr:entsancl so far man I s interference does 

not: S'.:.'-i.::J":t to b2 making that much difference. 

The Bureau of Reclemation I s installation sou·th of 

R:=public I::; sit.e has not "changed II the surrounding habi ta~c to 

an Alkali Sink environmant because of its geothermal' 

act.i,,;it.es. 

for n12.;;',' vears. 'I'here has been a slough-like complex 

a~jacent to the po~d during all this time.. The plants 

found thc~e have, for many years( been those of the Alk~li 

Sink Com~unity rather than the Creosote Bush Scrub group. 

It is my conclusion, therefore, that the areas 

sea~ched ~ay logically be used for the proposed geothermal 

ac ti vi-U.es Hithou L: appreciu.bly c1ama9ing the habitat of a~'. 

Rare, Threatened, or Endangered vegetation. 
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P = presence suspected in the 
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P = presence suspected in 

the h<bitat 
V ::::: presence verified in 
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