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SECTION 1
INTRODUCTION

A. PURPOSE

This document is a [] policy-level, [X] project level Initial Study for evaluation of potential environmental impacts
resulting with the proposed installation of new geothermal energy converters and three isopentane storage tanks,
located at the existing Heber 2 Geothermal Energy Complex located on APN 054-250-031 at 855 Dogwood Road,
Heber, CA 92249 (see Exhibit ‘A" & "B").

B. CALIFORNIA ENVIRONMENTAL QUALITY ACT (CEQA) REQUIREMENTS AND THE IMPERIAL COUNTY’S
GUIDELINES FOR IMPLEMENTING CEQA

As defined by Section 15063 of the State California Environmental Quality Act (CEQA) Guidelines and Section 7
of the County's "CEQA Regulations Guidelines for the Implementation of CEQA, as amended’, an Initial Study is
prepared primarily to provide the Lead Agency with information to use as the basis for determining whether an
Environmental Impact Report (EIR), Negative Declaration, or Mitigated Negative Declaration would be appropriate
for providing the necessary environmental documentation and clearance for any proposed project.

[ According to Section 15065, an EIR is deemed appropriate for a particular proposal if the following conditions
occur:

e The proposal has the potential to substantially degrade quality of the environment.

e The proposal has the potential to achieve short-term environmental goals to the disadvantage of long-term
environmental goals.

e The proposal has possible environmental effects that are individually limited but cumulatively considerable.
¢ The proposal could cause direct or indirect adverse effects on human beings.

] According to Section 15070(a), a Negative Declaration is deemed appropriate if the proposal would not result
in any significant effect on the environment.

[] According to Section 15070(b), a Mitigated Negative Declaration is deemed appropriate if it is determined
that though a proposal could result in a significant effect, mitigation measures are available to reduce these
significant effects to insignificant levels.

This Initial Study has determined that the proposed applications will not result in any potentially significant
environmental impacts and therefore, a Negative Declaration is deemed as the appropriate document to provide
necessary environmental evaluations and clearance as identified hereinafter.

This Initial Study and Negative Declaration are prepared in conformance with the California Environmental Quality
Act of 1970, as amended (Public Resources Code, Section 21000 et. seq.); Section 15070 of the State & County
of Imperial's Guidelines for Implementation of the California Environmental Quality Act of 1970, as amended
(California Code of Regulations, Title 14, Chapter 3, Section 15000, et. seq.); applicable requirements of the
County of Imperial; and the regulations, requirements, and procedures of any other responsible public agency or
an agency with jurisdiction by law.

Pursuant to the County of Imperial Guidelines for Implementing CEQA, depending on the project scope, the County
of Imperial Board of Supervisors, Planning Commission and/or Planning Director is designated the Lead Agency,
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in accordance with Section 15050 of the CEQA Guidelines. The Lead Agency is the public agency which has the
principal responsibility for approving the necessary environmental clearances and analyses for any project in the
County.

C. INTENDED USES OF INITIAL STUDY AND NEGATIVE DECLARATION

This Initial Study and Negative Declaration are informational documents which are intended to inform County of
Imperial decision makers, other responsible or interested agencies, and the general public of potential
environmental effects of the proposed applications. The environmental review process has been established to
enable public agencies to evaluate environmental consequences and to examine and implement methods of
eliminating or reducing any potentially adverse impacts. While CEQA requires that consideration be given to
avoiding environmental damage, the Lead Agency and other responsible public agencies must balance adverse
environmental effects against other public objectives, including economic and social goals.

The Initial Study and Negative Declaration, prepared for the project will be circulated for a period of 20 days (30-
days if submitted to the State Clearinghouse for a project of area-wide significance) for public and agency review
and comments. At the conclusion, if comments are received, the County Planning & Development Services
Department will prepare a document entitled “Responses to Comments” which will be forwarded to any
commenting entity and be made part of the record within 10-days of any project consideration.

D. CONTENTS OF INITIAL STUDY & NEGATIVE DECLARATION

This Initial Study is organized to facilitate a basic understanding of the existing setting and environmental
implications of the proposed applications.

SECTION 1

I. INTRODUCTION presents an introduction to the entire report. This section discusses the environmental
process, scope of environmental review, and incorporation by reference documents.

SECTION 2

Il. ENVIRONMENTAL CHECKLIST FORM contains the County's Environmental Checklist Form. The checklist
form presents results of the environmental evaluation for the proposed applications and those issue areas that
would have either a significant impact, potentially significant impact, or no impact.

PROJECT SUMMARY, LOCATION AND EVIRONMENTAL SETTINGS describes the proposed project
entitlements and required applications. A description of discretionary approvals and permits required for project
implementation is also included. It also identifies the location of the project and a general description of the
surrounding environmental settings.

ENVIRONMENTAL ANALYSIS evaluates each response provided in the environmental checklist form. Each
response checked in the checklist form is discussed and supported with sufficient data and analysis as necessary.
As appropriate, each response discussion describes and identifies specific impacts anticipated with project
implementation.

SECTION 3

lll. MANDATORY FINDINGS presents Mandatory Findings of Significance in accordance with Section 15065 of
the CEQA Guidelines.

IV. PERSONS AND ORGANIZATIONS CONSULTED identifies those persons consulted and involved in
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preparation of this Initial Study and Negative Declaration.
V. REFERENCES lists bibliographical materials used in preparation of this document.
VI. NEGATIVE DECLARATION - COUNTY OF IMPERIAL
VIl. FINDINGS
SECTION 4
Vill. RESPONSE TO COMMENTS (IF ANY)
IX. MITIGATION MONITORING & REPORTING PROGRAM (MMRP) (IF ANY)
E. SCOPE OF ENVIRONMENTAL ANALYSIS
For evaluation of environmental impacts, each question from the Environmental Checklist Form is summarized
and responses are provided according to the analysis undertaken as part of the Initial Study. Impacts and effects

will be evaluated and quantified, when appropriate. To each question, there are four possible responses, including:

1. No Impact: A “No Impact’ response is adequately supported if the impact simply does not apply to the
proposed applications.

2. Less Than Significant Impact: The proposed applications will have the potential to impact the environment.
These impacts, however, will be less than significant; no additional analysis is required.

3. Less Than Significant With Mitigation Incorporated: This applies where incorporation of mitigation
measures has reduced an effect from “Potentially Significant Impact’ to a “Less Than Significant Impact”.

4. Potentially Significant Impact: The proposed applications could have impacts that are considered
significant. Additional analyses and possibly an EIR could be required to identify mitigation measures that
could reduce these impacts to less than significant levels.

F. POLICY-LEVEL or PROJECT LEVEL ENVIRONMENTAL ANALYSIS

This Initial Study and Negative Declaration will be conducted under a [] policy-level, X] project level analysis.
Regarding mitigation measures, it is not the intent of this document to “overiap” or restate conditions of approval
that are commonly established for future known projects or the proposed applications. Additionally, those other
standard requirements and regulations that any development must comply with, that are outside the County's
jurisdiction, are also not considered mitigation measures and therefore, will not be identified in this document.

G. TIERED DOCUMENTS AND INCORPORATION BY REFERENCE

Information, findings, and conclusions contained in this document are based on incorporation by reference of tiered
documentation, which are discussed in the following section.

1. Tiered Documents

As permitted in Section 15152(a) of the CEQA Guidelines, information and discussions from other documents
can be included into this document. Tiering is defined as follows:

“Tiering refers to using the analysis of general matters contained in a broader EIR (such as the one prepared
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for a general plan or policy statement) with later EIRs and negative declarations on narrower projects;
incorporating by reference the general discussions from the broader EIR; and concentrating the later EIR or
negative declaration solely on the issues specific to the later project.”

Tiering also allows this document to comply with Section 15152(b) of the CEQA Guidelines, which discourages
redundant analyses, as follows:

“Agencies are encouraged to tier the environmental analyses which they prepare for separate but related
projects including the general plans, zoning changes, and development projects. This approach can eliminate
repetitive discussion of the same issues and focus the later EIR or negative declaration on the actual issues
ripe for decision at each level of environmental review. Tiering is appropriate when the sequence of analysis
is from an EIR prepared for a general plan, policy or program to an EIR or negative declaration for another
plan, policy, or program of lesser scope, or to a site-specific EIR or negative declaration.”

Further, Section 15152(d) of the CEQA Guidelines states:

“Where an EIR has been prepared and certified for a program, plan, policy, or ordinance consistent with the
requirements of this section, any lead agency for a later project pursuant to or consistent with the program,
plan, policy, or ordinance should limit the EIR or negative declaration on the later project to effects which:

(1) Were not examined as significant effects on the environment in the prior EIR; or

(2) Are susceptible to substantial reduction or avoidance by the choice of specific revisions in the project, by
the imposition of conditions, or other means."

2. Incorporation By Reference

Incorporation by reference is a procedure for reducing the size of EIRs/MND and is most appropriate for
including long, descriptive, or technical materials that provide general background information, but do not
contribute directly to the specific analysis of the project itself. This procedure is particularly useful when an
EIR or Negative Declaration relies on a broadly-drafted EIR for its evaluation of cumulative impacts of related
projects (Las Virgenes Homeowners Federation v. County of Los Angeles [1986, 177 Ca.3d 300]). If an EIR
or Negative Declaration relies on information from a supporting study that is available to the public, the EIR
or Negative Declaration cannot be deemed unsupported by evidence or analysis (San Francisco Ecology
Center v. City and County of San Francisco [1975, 48 Ca.3d 584, 595]). This document incorporates by
reference appropriate information from the “Final Environmental Impact Report and Environmental
Assessment for the “County of Imperial General Plan EIR" prepared by Brian F. Mooney Associates in 1993
and updates. . MR W

When an EIR or Negative Declaration incorporates a document by reference, the incorporation must comply
with Section 15150 of the CEQA Guidelines as follows:

e The incorporated document must be available to the public or be a matter of public record (CEQA
Guidelines Section 15150[a]). The General Plan EIR and updates are available, along with this document,
at the County of Imperial Planning & Development Services Department, 801 Main Street, El Centro, CA
92243 Ph. (442) 265-1736.

e This document must be available for inspection by the public at an office of the lead agency (CEQA
Guidelines Section 15150[b]). These documents are available at the County of Imperial Planning &
Development Services Department, 801 Main Street, El Centro, CA 92243 Ph. (442) 265-1736.

e These documents must summarize the portion of the document being incorporated by reference or briefly
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describe information that cannot be summarized. Furthermore, these documents must describe the
relationship between the incorporated information and the analysis in the tiered documents (CEQA
Guidelines Section 15150[c]). As discussed above, the tiered EIRs address the entire project site and
provide background and inventory information and data which apply to the project site. Incorporated
information and/or data will be cited in the appropriate sections.

e The material to be incorporated in this document will include general background information (CEQA
Guidelines Section 15150[f]). This has been previously discussed in this document.

Appendices

Appendix A - Site Photographs

Appendix B - Biological Resources Clearance Memorandum

Appendix C - Water Quality Management Plan

Appendix D - Geo-technical Site Conditions Memorandum and Technical Report
Appendix E - Air Emissions Memorandum

Appendix F - Isopentane Hazard Assessment

Appendix G - Imperial County Reclamation Plan Application

Figures

Figure 1 - Location of Heber 2 Geothermal Power Plant ... Error! Bookmark not defined.
Figure 2 - Proposed and Existing Facilities ... ....Error! Bookmark not defined.
Figure 3 - Facility Integration Diagram ...
Figure 4 — Example of Proposed ORMAT Energy Converters ...............................
Figure 5 - Example of Proposed Above Ground Storage Tank (10 000 gaIIon) .....
Figure 6 — Photo of Project Site (June 13, 2019)..... -
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Il. Environmental Checklist
Project Title: Heber 2 Geothermal Repower Project

Lead Agency: Imperial County Planning & Development Services Department

Contact person and phone number: David Black, Planner IV, (442)265-1736

Address: 801 Main Street, El Centro CA, 92243

E-mail: davidblack@co.imperial.ca.us

Project location: APN 054-250-031-000; 855 Dogwood Road, Heber, CA 92249. See Exhibit A and B.

. Project sponsor's name and address: Second Imperial Geothermal Company; 6140 Plumas St., Reno, NV
89519

8. General Plan designation: Heber SPA area

9. Zoning: A-2-G-SPA, General Agriculture (A-2), Geothermal Overlay Zone (G), and in the Heber Specific Plan
Area (SPA)

A S -l o A

10. Description of project: Perform CUP amendment to allow for installation of two new water-cooled ORMAT Energy
Converters (OECs) to replace six old units from 1992; three 10,000 gallon isopentane above ground storage tanks;
and, additional pipes to connect the proposed facilities with the existing Heber 2 Geothermal Energy Complex. All
proposed facilities would be developed within the existing Heber 2 Complex and fence line. The total project
disturbance from developing the new facilities is approximately 4 acres. The CUP amendment application also
proposes to renew the permitted life of the entire Heber 2 Complex (including the Goulds 2 and Heber South geothermal
energy facilities) to 30 years (2019-2049). The proposed facility upgrades would allow the Heber 2 Complex to run
more efficiently and refurbish the Heber 2 Complex to the original nameplate capacity (33 megawatts) without
expanding the existing facility beyond the current footprint, and produce clean renewable energy in the Imperial Valley
for the next three decades.

11. Surrounding land uses and setting: Briefly describe the project's surroundings: Surrounding land uses include
a solar energy facility to the west of the Project Site, a commercial aggregate/rock supplier to the south, and
agriculture to the north and east. The primary use in the general surrounding area is agriculture. The closest
residences to the Project Site are in the town of Heber, approximately 3,500 feet to the northeast of the Heber 2
Complex.

12. Other public agencies whose approval is required (e.g., permits, financing approval, or participation
agreement.): None

13. Have California Native American tribes traditionally and culturally affiliated with the project area requested
consultation pursuant to Public Resources Code section 21080.3.1? If so, is there a plan for consultation that
includes, for example, the determination of significance of impacts to tribal cultural resources, procedures
regarding confidentially, etc.?

Note: Conducting consultation early in the CEQA process allows tribal governments, lead agencies, and
project proponents to discuss the level of environmental review, identify and address potential adverse
impacts to tribal cultural resources, and reduce the potential for delay and conflict in the environmental review
process. (See Public Resources Code, Section 21080.3.2). Information may also be available from the
California Native American Heritage Commission’s Sacred Lands File per Public Resources Code, Section
9097.96 and the California Historical Resources Information System administered by the California Office of
Historic Preservation. Please also note that Public Resources Code, Section 21082.3 (c) contains provisions
specific to confidentiality.
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ENVIRONMENTAL FACTORS POTENTIALLY AFFECTED:

The environmental factors checked below would be potentially affected by this project, involving at least one impact
that is a "Potentially Significant Impact" as indicated by the checklist on the following pages.

[0  Aesthetics [0  Agriculture and Forestry Resources O  AirQuality

[0 Biological Resources O Cultural Resources [0 Enemgy

O  Geology /Soils O Greenhouse Gas Emissions [0 Hazards & Hazardous Materials
O  Hydrology / Water Quality O Land Use / Planning O Mineral Resources

O Noise O Population / Housing O  Public Services

[0 Recreation O Transportation [0  Tribal Cultural Resources

[Od  Utilities/Service Systems O Wildfire [0  Mandatory Findings of Significance

ENVIRONMENTAL EVALUATION COMMITTEE (EEC) DETERMINATION

After Review of the Initial Study, the Environmental Evaluation Committee has:

] Found that the proposed project COULD NOT have a significant effect on the environment, and a NEGATIVE
DECLARATION will be prepared.

] Found that although the proposed project could have a significant effect on the environment, there will not be a
significant effect in this case because revisions in the project have been made by or agreed to by the project proponent.
A MITIGATED NEGATIVE DECLARATION will be prepared.

[] Found that the proposed project MAY have a significant effect on the environment, and an ENVIRONMENTAL
IMPACT REPORT is required.

[] Found that the proposed project MAY have a "potentially significant impact” or "potentially significant unless
mitigated" impact on the environment, but at least one effect 1) has been adequately analyzed in an earlier document
pursuant to applicable legal standards, and 2) has been addressed by mitigation measures based on the earlier
analysis as described on attached sheets. An ENVIRONMENTAL IMPACT REPORT is required, but it must analyze
only the effects that remain to be addressed.

] Found that although the proposed project could have a significant effect on the environment, because all potentially
significant effects (a) have been analyzed adequately in an earlier EIR or NEGATIVE DECLARATION pursuant to
applicable standards, and (b) have been avoided or mitigated pursuant to that earlier EIR or NEGATIVE
DECLARATION, including revisions or mitigation measures that are imposed upon the proposed project, nothing
further is required.

CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE DE MINIMIS IMPACT FINDING: [] Yes [1No

AB

<
m
[/2]
w
m
=
e |

EEC VOTES
PUBLIC WORKS
ENVIRONMENTAL HEALTH SVCS
OFFICE EMERGENCY SERVICES
APCD
AG
SHERIFF DEPARTMENT
ICPDS
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DO00000B
O I

Jim Minnick, Director of Planning/EEC Chairman Date:
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PROJECT SUMMARY

See attached Initial Study for additional information.

A. Project Location: The proposed development would occur entirely on the 39.99-acre Assessor's Parcel Number
(APN) 054-250-031. This parcel also includes geothermal facilities for the Goulds 2 and Heber South projects. The
address for the Heber 2 Complex is 855 Dogwood Road, Heber, CA 92249. The legal description is Tract 44, Township
16 South, Range 14 East, SBB&M. See Exhibit A and B.

B. Project Summary: Install two new water-cooled ORMAT Energy Converters (OECs) to replace six old units from
1992, install three 10,000 gallon isopentane above ground storage tanks; and, additional pipes to connect the proposed
facilities with the existing Heber 2 Geothermal Energy Complex. All proposed facilities will be developed within the
existing Heber 2 Complex and fence line. The total project disturbance from developing the new facilities is
approximately 4 acres. The CUP amendment application also proposes to renew the permitted life of the entire Heber
2 Complex (including the Goulds 2 and Heber South geothermal energy facilities) to 30 years (2019-2049). The
proposed facility upgrades would allow the Heber 2 Complex to run more efficiently and refurbish the Heber 2 Complex
to the original nameplate capacity (33 megawatts) without expanding the existing facility beyond the current footprint,
and produce clean renewable energy in the Imperial Valley for the next three decades.

C. Environmental Setting:

Within the existing Heber 2 Complex, the Project Site is vacant of any vegetation or topographic features, consisting
of exposed gravel and/or soil. No wetlands or jurisdictional waters are located on the Project Site. The closest
jurisdictional water is the New River, located approximately 1.3 miles to the southwest of the Project Site, across
Willoughby Road. The Project Site is not suitable habitat for any sensitive species.

D. Analysis: Taking into account the numerous voluntary environmental protection measures proposed by the
Applicant, the Project is not expected to result in any significant effects. All impacts in the Initial Study were identified
to be Less Than Significant or No Impact, primarily due to the fully developed nature of the Project Site as an existing
geothermal energy complex. Therefore, no additional mitigation measures were prescribed.

E. General Plan Consistency: The proposed Project is consistent with the General Plan, located within the
geothermal energy overlay zone allowing for major geothermal projects. All proposed developments would occur within
the fence-line of the existing Heber 2 Geothermal Energy Complex and not increase the footprint on the energy facility.
Construction activities and facility operations would be performed in line with the elements of the General Plan (Land
Use; Housing; Circulation and Scenic Highways; Noise; Seismic and Public Safety; Conservation and Open Space;
Agricultural; Geothermal and Transmission; Water).

——  —— — —
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Exhibit “A”
Vicinity Map
Figure 1
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Exhibit “B”
Site Plan
Figure 2
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Figure 6- Photo of Project Site (June 13, 2019)

EVALUATION OF ENVIRONMENTAL IMPACTS:

1)

2)

A brief explanation is required for all answers except "No Impact” answers that are adequately supported by the
information sources a lead agency cites in the parentheses following each question. A "No Impact" answer is
adequately supported if the referenced information sources show that the impact simply does not apply to
projects like the one involved (e.g., the project falls outside a fault rupture zone). A "No Impact" answer should
be explained where it is based on project-specific factors as well as general standards (e.g., the project will not
expose sensitive receptors to pollutants, based on a project-specific screening analysis).

All answers must take account of the whole action involved, including off-site as well as on-site, cumulative as
well as project-level, indirect as well as direct, and construction as well as operational impacts.

Once the lead agency has determined that a particular physical impact may occur, then the checklist answers
must indicate whether the impact is potentially significant, less than significant with mitigation, or less than
significant. "Potentially Significant Impact" is appropriate if there is substantial evidence that an effect may be
significant. If there are one or more "Potentially Significant Impact" entries when the determination is made, an
EIR is required.

"Negative Declaration: Less Than Significant With Mitigation Incorporated" applies where the incorporation of
mitigation measures has reduced an effect from "Potentially Significant Impact" to a "Less Than Significant
Impact.” The lead agency must describe the mitigation measures, and briefly explain how they reduce the effect
to a less than significant level (mitigation measures from "Earlier Analyses," as described in (5) below, may be
cross-referenced).

Earlier analyses may be used where, pursuant to the tiering, program EIR, or other CEQA process, an effect
has been adequately analyzed in an earlier EIR or negative declaration. Section 15063(c)(3)(D). In this case, a
brief discussion should identify the following:

a) Earlier Analysis Used. Identify and state where they are available for review.
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b) Impacts Adequately Addressed. Identify which effects from the above checklist were within the scope of
and adequately analyzed in an earlier document pursuant to applicable legal standards, and state whether
such effects were addressed by mitigation measures based on the earlier analysis.

¢) Mitigation Measures. For effects that are "Less than Significant with Mitigation Measures Incorporated,”
describe the mitigation measures which were incorporated or refined from the earlier document and the
extent to which they address site-specific conditions for the project.

6) Lead agencies are encouraged to incorporate into the checklist references to information sources for potential
impacts (e.g., general plans, zoning ordinances). Reference to a previously prepared or outside document
should, where appropriate, include a reference to the page or pages where the statement is substantiated.

7)  Supporting Information Sources: A source list should be attached, and other sources used or individuals
contacted should be cited in the discussion.

8)  This is only a suggested form, and lead agencies are free to use different formats; however, lead agencies
should normally address the questions from this checklist that are relevant to a project's environmental effects
in whatever format is selected.

9)  The explanation of each issue should identify:

a) The significance criteria or threshold, if any, used to evaluate each question; and
b) The mitigation measure identified, if any, to reduce the impact to less than significance

e ——
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Potentially

Potentially Significant Less Than

Significant Unless Mitigation Significant
Impact Incorporated Impact No Impact
(PSI) (PSUMI) (LTSI) {NI)

|. AESTHETICS

Except as provided in Public Resources Code Section 21099, would the project:

a) Have a substantial adverse effect on a scenic vista or scenic
highway? O O O X
a) No Impact. No scenic vistas or scenic highways are present on or in the vicinity of the Project Site; therefore, no impacts would
occur to these aesthetic resources.

b)  Substantially damage scenic resources, including, but not
limited to trees, rock outcroppings, and historic buildings within ] O O X
a state scenic highway?

b) No Impact. The Project would be developed within an existing power plant, on undeveloped lands with no scenic characteristics
(i.e., site lacks vegetation, topography, or buildings), and no state scenic highways exist in the vicinity of the Project Site. Therefore,
the Project would not impact any scenic resources.

¢)  In non-urbanized areas, substantially degrade the existing
visual character or quality of public views of the site and its
surrounding? (Public views are those that are experienced
from publicly accessible vantage point.) If the project is in an U O X O
urbanized area, would the project conflict with applicable
zoning and other regulations governing scenic quality?
¢) Less Than Significant. During the construction phase, a crane may be visible to travelers on Dogwood Road or in the vicinity of
the Project Site. However, crane use is anticipated to be temporary (less than eight months) and would be removed from the Project
Site after construction of the proposed facilities is complete.

The Project will be developed within an existing power plant, and the proposed facilities would blend in with the existing energy
facilities. The proposed facilities would render no noticeable changes to the Heber 2 site/plant to travelers on Dogwood Road or in
the vicinity of the Project Site. The Imperial County General/Zoning Plan allows for "Major Geothermal” projects on the Project Site
and, taking into account the existing power plant, the Project would not impact the visual character of the site or its

surroundings.

d) Create a new source of substantial light or glare which would
adversely affect day or nighttime views in the area? O O O X

d) No Impact. The Project would not introduce any new light sources to the Project Site or surrounding area. Lighting is present at
the Heber 2 Complex, but no additional lighting is proposed as part of the Project.

Il. AGRICULTURE AND FOREST RESOURCES

In determining whether impacts to agricultural resources are significant environmental effects, lead agencies may refer to the California
Agricultural Land Evaluation and Site Assessment Model (1997) prepared by the California Department of Conservation as an optional model to
use in assessing impacts on agriculture and farmland. In determining whether impacts to forest resources, including timberland, are significant
environmental effects, lead agencies may refer to information compiled by the California Department of Forestry and Fire Protection regarding
the state's inventory of forest land, including the Forest and Range Assessment Project and the Forest Legacy Assessment project; and forest
carbon measurement methodology provided in Forest Protocols adopted by the California Air Resources Board. Would the project:

a) Convert Prime Farmland, Unique Farmland, or Farmland of
Statewide Importance (Farmland), as shown on the maps
prepared pursuant to the Farmland Mapping and Monitoring J O O X
Program of the California Resources Agency, to non-
agricultural use?

a) No Impact. The Project Site is presently used for geothermal energy operations and is uncultivated. No Prime, Unique, or
Important farmlands are present on the Project Site (DOC 2016). No land use or farmland conversion would occur as result of the

e ]
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Project.

b)  Conflict with existing zoning for agricultural use, or a
Williamson Act Contract? O O O X
b) No Impact. The Project Site is zoned for agriculture and geothermal energy projects, and the Project does not conflict with
Imperial County's General/Zoning Plan. The Project Site is not subject to a Williamson Act contract.

¢)  Conflict with existing zoning for, or cause rezoning of, forest
land (as defined in Public Resources Code section 12220(g)),
timberland (as defined by Public Resources Code section O Il | <
4526), or timberland zoned Timberland Production (as defined
by Government Code Section 51104(g))?
¢) No Impact. The Project site is not zoned for, nor does it contain, forest land or timber land. As such, the Project would not impact
forest or timberlands.

d) Resultin the loss of forest land or conversion of forest land to
non-forest use? L O O X
d) No Impact. The Project site does not contain any forest land and would not convert any forest lands; therefore, the Project would
not impact forest lands.

e) Involve other changes in the existing environment which, due
to their location or nature, could result in conversion of
Farmland, to non-agricultural use or conversion of forest land D D D E
to non-forest use?
e) No Impact. There is no farmland or forest land present on the Project Site, which is used for ongoing geothermal energy generation
(DOC 2016). The proposed facilities would be constructed within the existing power plant site and no offsite disturbances would occur;
therefore, no conversion of farmland or forest land would occur as result of the Project.

iIl. AIR QUALITY

Where available, the significance criteria established by the applicable air quality management district or air pollution control district may be
relied upon to the following determinations. Would the Project:

a)

Conflict with or obstruct implementation of the applicable air =

quality plan? i i ’ O [ X O
a) Less Than Significant. The Project Site is located within the ICAPCD, and the Heber 2 Complex has an existing Permit to
Operate (PTO) issued by ICAPCD. Emissions of criteria pollutants, which are limited to fugitive releases of isopentane, a volatile
organic compound (VOC), are monitored at the Heber 2 Complex. Modeling was performed to forecast the amount of potential
isopentane emissions (Appendix F) to evaluate a potential significant exceedance of the limits established in the Imperial County
CEQA Air Quality Handbook.

Current isopentane emissions at the Heber 2 Complex are approximately 117.5 Ibs/day, and the modeled future emissions with the
new facilities are estimated to be 64.5 Ibs/day (Table 2). Under the existing PTO, the Heber 2 Complex is authorized to emit
between 137 and 218 Ibs/day of isopentane (dependent on time of year). The expected change in isopentane emissions with the
new facilities would decline by approximately 53 Ibs/day or 3.1 tons/year, which is significantly less than the existing emissions
profile of the Heber 2 Complex and well under the authorized release amount. SIGC is applying to ICAPCD for a new PTO with
reduced emissions thresholds to 137 to 202 ibs/day. Therefore, considering the emissions reduction from the new facilities, the
Project would not conflict with or obstruct the implementation of the ICAPCD air quality plan.

- ]
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Table Existing and Modeled Future Isopentane Emissions
Heber 2 Complex Total Emissions
Isopentane Emissions Ibs / day tons / year
Actual Emissions (2017 — 2018) 1175 149
Estimated Potential Future Emissions 64.5 11.8
Emissions Increase -52.9 -31
Permit Limit (varies) 137 -218
b)  Result in a cumulatively considerable net increase of any
criteria pollutant for which the project region is non-attainment
under an applicable federal or state ambient air quality L D I u
standard?

b) Less Than Significant. The Project would not violate any air quality standards or plan. The Heber 2

Complex has a PTO from the ICAPCD, which specifies the amount of isopentane, a VOC, authorized for release. The Heber 2
Complex is permitted to release between 137 and 218 Ibs/day, depending on time of year. As noted in Table 2 above, isopentane
emissions with the new facilities are expected to decrease approximately 53 Ibs/day, for a total of 64.5 Ibs/day. SIGC is applying to
ICAPCD for a new PTO with reduced emissions thresholds to 137 to 202 Ibs/day. Therefore, considering the emissions reduction
from the new facilities, the Project would not violate the existing PTO or contribute to an

existing air quality violation.

Emissions from construction equipment would be temporary and not exceed any air quality thresholds or significantly contribute to
an existing regional nonattainment condition (i.e. particulate matter, ozone). As described in Section 2.1.7, air quality measures
would be implemented during construction of the proposed facilities to minimize the potential for fugitive dust and particulate matter
releases. Al air quality control measures would be in line with the Imperial County 2018 PM1o Plan and Imperial County 2018 PM25s
Plan. Through the application of these measures, the construction of the Project would limit visible dust emissions and particulate
matter emissions to 20 percent opacity and/or 150 Ibs/day, and therefore, be in compliance with Imperial County’s approach to

minimizing these construction-related emissions.

c) Expose sensitive receptors to substantial pollutants
) cor?centrations? 0 O X O
¢) Less Than Significant. Significant adverse cumulative air quality impacts could occur if the proposed Project resulted in a
cumulatively considerable net increase of a criteria pollutant for which ICAPCD exceeds federal and state ambient air quality standards
and has been designated as an area of non- attainment by the USEPA and/or CARB. The ICAPCD is a non-attainment area for ozone
and fine particulate matter.

To determine whether air quality impacts from a proposed project are significant, the project’s potential contribution to cumulative
impacts would be assessed utilizing the same significance criteria as for project-specific impacts. Therefore, if an individual project
generates construction or operational emissions that exceed the ICAPCD's recommended daily thresholds for project-specific
impacts, that project would also cause a cumulatively considerable increase in emissions for those pollutants for which the ICAPCD
is in nonattainment and therefore, would be considered to have significant adverse cumulative air quality impacts.

As discussed in Section 2.1.7, air quality measures would be implemented during construction of the proposed facilities to minimize
the potential for fugitive dust and particulate matter releases. All air quality control measures would be in line with the Imperial
County 2018 PM1o Plan and Imperial County 2018 PMz;s Plan. Through the application of these measures, the construction of the
Project would limit visible dust emissions and particulate matter emissions to 20 percent opacity and/or 150 Ibs/day, and therefore,
be in compliance with Imperial County's approach to minimizing these construction-related emissions. Ozone, which is formed by
a complex series of chemical reactions and the precursors of which stem from the use of fuel-combusting equipment (e.g.,
backhoes, trucks), would also be limited to the construction phase of the Project. To limit the amount ozone emissions from
construction equipment, vehicles and equipment would be turned off when not in use and not left idiing to minimize unnecessary
emissions. The temporary and relatively low amount of ozone emissions from the construction equipment would result in a less
than significant cumulative effect to the existing nonattainment statusof the ICAPCD.

=
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d) Result in other emissions (such as those leading to odors
i i ?
adversely affecting a substantial number of people? |:| D 5 m

d) Less Than Significant. Land uses that are considered more sensitive to changes in air quality than others are referred to as sensitive
receptors. Land uses such as primary and secondary schools, hospitals, and convalescent homes are sensitive to poor air quality because the
very young, the old, and the infirm are more susceptible to respiratory infections and other air quality-related health problems than the general
public. Residential uses are considered sensitive because people in residential areas are often at home for extended periods of time, so they
could be exposed fo pollutants for extended periods. Recreational areas are considered moderately sensitive to poor air quality because vigorous
exercise associated with recreation places a high demand on the human respiratory function.

The nearest sensitive receptors to the Project Site are the residences approximately 3,500 feet to the northeast of the Project Site. As discussed
in Appendix F, air emissions from the Heber 2 Complex would be limited to isopentane, which is a VOC. The Heber 2 Complex is permitted
to release between 137 and 218 Ibs/day, depending on time of year. Isopentane emissions with the new facilities are estimated to decrease
by approximately 53 Ibs/day of isopentane, representing approximately a 54 percent decrease from current emissions and well below permitted
limits (Table 2).The Project would not exceed the release limits established in the PTO, which are health-based; therefore, the Project would
not expose any sensitive receptors to a significant exposure of pollutant concentrations.

Isopentane has a petroleum-like odor; however as noted previously, the Project would result in a decrease of approximately 53 Ibs/day of
isopentane, representing approximately a 54 percent decrease from current emissions and well below permitted limits (Table 2). Utilizing the
existing Heber 2 power generation infrastructure, the additional facilities will not produce a significant odor. No oder complaints have ever been
filed against the Heber 2 facilities and the existing facilities are not a significant source of odor. Further, the Project Site is located in an agrarian
area that is not densely populated. The closest residences are located 3,500 feet to the northeast of the Project Site. During construction,
diesel emissions from construction equipment may be sources of odor. These emissions would be temporary and minimal based on the small
number of heavy vehicles that would be required for Project construction. Therefore, Project-related odors would be limited to the temporary
construction phase and would not result in a significant source of odor to a substantial number of people.

IV. BIOLOGICAL RESOURCES Would the project:

a) Have a substantial adverse effect, either directly or through
habitat modifications, on any species identified as a candidate,
sensitive, or special status species in local or regional plans, O O J X
policies or regulations, or by the California Department of Fish
and Wildlife or U.S. Fish and Wildlife Service?
a) No Impact. The potential for sensitive species to occur on or in the vicinity of the Project Site was evaluated using information
from the U.S. Fish and Wildlife (USFWS) Information, Planning, and Consultation System (IPaC System); California Natural Diversity
Database (CNDDB); and California Native Plant Society (CNPS) Rare Plant Program.

No federally listed threatened or endangered plant species have the potential to occur on or near the project site (USFWS 2019a).
Five plant species listed by the CNPS have the potential to occur in the Heber quadrangle (CNPS 2019):

*  Watson's amaranth (Amaranthus watsonii)

e Abrams' spurge (Euphorbia abramsiana)

e  California satintail (Imperata brevifolia)

e  ribbed cryptantha (Johnstonella costata)

¢ winged cryptantha (Johnstonella holoptera)

No federally listed threatened or endangered wildlife species have the potential to occur on the Project Site and no critical habitat
exists on or near the Project Site (USFWS 20193, b). No California special status species are known to occur on the Project Site
(CDFW 2019).

The following six migratory bird species are listed by IPaC as having the potential to occur in the vicinity
of the Project Site:

e —
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®  Burrowing owl (Athene cunicularia)

e Costa's hummingbird (Calypte costae)

®  Gila woodpecker (Melanerpes uropygialis)

®  Long-billed curlew (Numenius americanus)

®  Rufous hummingbird (Selasphorus rufus)

*  Whimbrel (Numenius phaeopus)
Considering the Project Site is completely devoid of any vegetation or water resources, the proposed disturbance area is not
suitable habitat for any of the sensitive species identified above. Further, the Project Site is not designated by imperial County for
native habitat or conservation. Therefore, no impacts to species or habitat would occur as result of the Project. Additionally, as

proposed as an Environmental Protection Measure, SIGC will perform a pre-construction survey to verify the absence of any
sensitive species (i.e. burrowing owl).

b)  Have a substantial adverse effect on any riparian habitat or
other sensitive natural community identified in local or regional n m ] 53]
plans, policies, regulations, or by the California Department of =
Fish and Wildlife or U.S. Fish and Wildiife Service?
b) No Impact. As discussed in Section 3.1.4, no water resources or sensitive communities are present on or near the Project Site
(see Figure 6 above and Appendix A). Neither construction nor operation of the proposed facilities would create any substantially
adverse offsite impacts. Therefore, no impacts fo riparian habitat or sensitive natural communities would occur as a result of the

Project.

¢) Have a substantial adverse effect on state or federally
protected wetlands (including, but not limited to, marsh, vernal
pool, coastal, etc.) through direct removal, filling, hydrological O O O X
interruption, or other means?
¢) No Impact. As discussed in Section 3.1.4, no wetlands or water resources are present on the Project Site; therefore, no impacts
to wetland, riparian resources, or jurisdictional waters would occur as result of the Project.

d)  Would the project interfere substantially with the movement of
any resident or migratory fish or wildlife species or with
established native resident or migratory wildlife corridors, or D D D X
impede the use of native wildlife nursery sites?
d) No Impact. The existing Heber 2 Complex site is entirely fenced for security purposes, precluding wildlife from using the site as
habitat or for migration. Further, the Project Site is entirely devoid of vegetation or water features that could be used as suitable
resident or migratory habitat. Therefore, the development of the proposed facilities within the existing plant site would not remove
suitable wildlife habitat or migratory corridor/connectivity, nor would the facilities impede the use of nursery sites.

e) Conflict with any local policies or ordinance protecting
biological resource, such as a tree preservation policy or O ] O] 4
ordinance?
) No Impact. No local policies or ordinances protecting biological resources, including the Fish and Game Natural Areas
established in the Imperial County General Plan, pertain to the Project Site. Further, the Project Site is completely devoid of any
vegetation or water resources that could serve as suitable habitat for trees or wildlife. Therefore, no impacts to any local
policies/ordinances would be impacted by the Project.

f)  Conflict with the provisions of an adopted Habitat O O O X

———————————— ]
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Conservation Plan, Natural Community Conservation Plan, or

other approved local, regional, or state habitat conservation

plan?

f) No Impact. There are no HCPs or similar conservation areas/plans for the Project Site or its vicinity. Therefore, the Project would
not impacted any HCPs or other conservation plans.

V. CULTURAL RESOURCES Would the project:

a)

Cause a substantial adverse change in the significance of a

historical resource pursuant to §15064.5? ’ O O U X
a) No Impact. A records search of the California Historical Resources Information System (CHRIS), which is managed by the
California Office of Historic Preservation (OHP), for previous cultural and historic resource surveys previously performed on/near the
Project Site was performed did not identify any recorded historical resources on the Project Site or immediate vicinity (Appendix C).
Further, there are no buildings or structures present on the Project Site. Therefore, the Project would not result in any impacts to
historical resources.

Cause a substantial adverse change in the significance of an

archaeological resource pursuant to §15064.5? O O O X
b) No Impact. The CHRIS records search did not identify any recorded cultural or archaeological resources on the Project Site or
immediate vicinity (Appendix C). Considering that the Project Site was completely disturbed when the Heber 2 Complex was
constructed, the probability of encountering an unforeseen/buried resource is very low. As discussed in Section 2.1.8 above, Project
construction personnel would monitor areas during surface disturbing activities and if any potential cultural or archaeological resources
are encountered, all construction affecting the discovery site would be suspended immediately until a qualified archaeologist has
reviewed the findings. An Unanticipated Discoveries Plan would be prepared prior to resuming construction. Therefore, the Project is
anticipated to result in no significant effects to archaeological or cultural resources.

Disturb any human remains, including those interred outside

of dedicated cemeteries? O O X O
¢) Less Than Significant. Considering that the Project Site was completely disturbed when the Heber 2 power plant was
constructed, the probability of encountering unforeseen/buried human remains is very low. As discussed in Section 2.1.8 above,
Project construction personnel would monifor areas during surface disturbing activities and if any potential cultural or archaeological
resources are encountered, all construction affecting the discovery site would be suspended immediately until a qualified
archaeologist has reviewed the findings. An Unanticipated Discoveries Plan would be prepared prior to resuming construction.

Therefore, the Project is anticipated to result in no or less than significant effects to human remains.

VI. ENERGY Would the project:

a)

Result in potentially significant environmental impact due to

wasteful, inefficient, or unnecessary consumption of energy O O O X

resources, during project construction or operation?

a) No Impact: The proposed facility upgrades would allow the Heber 2 Complex to run more efficiently and refurbish the Heber 2
Complex to the original nameplate capacity (33 megawatts) without expanding the existing facility beyond the current footprint,
and produce clean renewable energy in the Imperial Valley for the next three decades.

Conflict with or obstruct a state or local plan for renewable

energy or energy efficiency? O 0 O X

b) No Impact: The Project would allow for the continued operation of a permitted major geothermal energy power piant that utilizes
the geothermal energy zone established by Imperial County. The proposed facilities would not increase the use of the geothermal
resource/reservair, rather allow the existing Heber 2 Complex to operate more efficiently and return its nameplate energy generation
capacity to 33 MW. The Heber 2 Complex has been producing renewable energy since 1992 and the proposed facilities would allow

#
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for that to be extended until 2049, assisting with meeting the state mandates for renewable energy and reducing greenhouse gas
emissions.

VIl. GEOLOGY AND SOILS Would the project:

a) Directly or indirectly cause potential substantial adverse
effects, including risk of loss, injury, or death involving: ] O] X O
Less Than Significant. As discussed in Section 3.1.2, the Imperial Valley is seismically active and contains numerous active faults
(ICPDS 2015). A formal geotechnical investigation of the Project Site's soil characteristics, seismic conditions, storm-water infiltration,
site stability, and potential for liquefaction was conducted. A summary memorandum and full technical report are attached as Appendix
E. A computer-aided search assessed known faults and seismic zones within 36 miles of the Project Site. The Imperial Fault located
9.4 miles southwest of the Project Site was the closest mapped Earthquake Fault Zone. The Project Site is not located in an established
fault zone as identified by the Alquist-Priolo Earthquake Fault Zoning Maps (Bryant 2007). In the event of an earthquake, seismic
ground-shaking could be experienced in the vicinity of the Project Site, as is typical throughout Southern California. The Project Site
is not located in a landslide zone. The Project Site is not located in a potential seiche, tsunami, or mudflow zone.
No deep subsurface activities (i.e. desper than 6 feet) are proposed as part of the Project; thus, no ruptures to faults or fissures would
occur as aresult of the Project. Seismic ground-shaking and seismically induced liquefaction could result in structural damage to power
plant infrastructure and faciliies. However, the Project does not involve any infrastructure or facilities that would include human
occupancy, and the risk of injury at the Project Site associated with ground-shaking, landslides, tsunami/seiche or liquefaction is very
low. Therefore, impacts to people or structures from the Project would be less than significant.
1) Rupture of a known earthquake fault, as delineated on
the most recent Alquist-Priolo Earthquake Fault Zoning
Map issued by the State Geologist for the area or based O ] X |
on other substantial evidence of a known fault? Refer to
Division of Mines and Geology Special Publication 427?
1) Less an Significant. As discussed in Section 3.1.2, the Imperial Valley is seismically active and contains numerous active
faults (ICPDS 2015). A formal geotechnical investigation of the Project Site's soil characteristics, seismic conditions, storm-water
infiltration, site stability, and potential for liquefaction was conducted. A summary memorandum and full technical report are
attached as Appendix E. A computer-aided search assessed known faults and seismic zones within 36 miles of the Project Site.
The Imperial Fault located 9.4 miles southwest of the Project Site was the closest mapped Earthquake Fault Zone. The Project
Site is not located in an established fault zone as identified by the Alquist-Priolo Earthquake Fault Zoning Maps (Bryant 2007).
In the event of an earthquake, seismic ground-shaking could be experienced in the vicinity of the Project Site, as is typical
throughout Southern California. The Project Site is not located in a landslide zone. The Project Site is not located in a potential
seiche, tsunami, or mudflow zone,
No deep subsurface activities (i.e. deeper than 6 feet) are proposed as part of the Project; thus, no ruptures to faults or fissures
would occur as a result of the Project. Seismic ground-shaking and seismically induced liquefaction could result in structural
damage to power plant infrastructure and facilities. However, the Project does not involve any infrastructure or facilities that
would include human occupancy, and the risk of injury at the Project Site associated with ground-shaking, landslides,
tsunami/seiche or liquefaction is very low. Therefore, impacts to people or structures from the Project
would be less than significant.
2)  Strong Seismic ground shaking? | 15| X ]
2) Less than Significant (see above a)
3) Seismic-related ground failure, including liquefaction
) and seiche/tsunagmi? - L O I O
3) Less than Significant (see above a)
4) Landslides? O [l X ]
4) Less than Significant (see above a)
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b)  Result in substantial soil erosion or the loss of topsoil? O O X O
b) Less Than Significant. Minor excavation and compaction activities would occur to prepare the appropriate bases for the OEC
units and the ABSTs. The Project Site is an active geothermal energy station and does not contain high-value topsoil. Any soils
excavated for site preparation would be backfilled to the excavation areas, assuming that these soils are free of debris. No pervious
surfaces would be created as part of the Project, and storm-water would be allowed to infiltrate on bare soils, which represent the
current conditions. Therefore, less than significant soil impacts are anticipated to occur as result of the Project.
c) Be located on a geologic unit or soil that is unstable or that
would become unstable as a result of the project, and
potentially result in on- or off-site landslides, lateral spreading, L O L 0
subsidence, liquefaction or collapse?
¢) No Impact. Development of the proposed facilities would not result in the destabilization of any soils or geologic units that could
cause a landslide, subsidence, or liquefaction. The primary soil unit present on the Project Site is dry silty clays, which are not
expansive or unstable soils (Olive, 1989). Therefore, no impacts on unstable soils or geologic units would occur due to the Project.
d) Be located on expansive soil, as defined in the latest Uniform
Building Code, creating substantial direct or indirect risk to life O [l O X
or property?
d) No Impact. Development of the proposed facilities would not result in the destabilization of any soils or geologic units that could
cause a landslide, subsidence, or liquefaction. The primary soil unit present on the Project Site is dry silty clays, which are not
expansive or unstable soils (Olive, 1989). Therefore, no impacts on unstable soits or geologic units would occur from the Project.
€) Have soils incapable of adequately supporting the use of
septic tanks or alternative waste water disposal systems
where sewers are not available for the disposal of waste O D L ¢
water?
e) No Impact. The Project does not include any septic tanks or wastewater disposal systems; thus, na impact to soils from
wastewater systems/management would occur as a result of the Project.
f)  Directly orindirectly destroy a unique paleontological resource N n X ]

or site or unique geologic feature?

f) Less Than Significant. Considering that the Project Site was completely disturbed when the Heber 2 power plant was constructed,
the probability of encountering an unforeseen/buried human remains is very low. As discussed in Section 2.1.8 above, Project
construction personnel would monitor areas during surface disturbing activities and if any potential cultural or archaeological
resources are encountered, all construction affecting the discovery site would be suspended immediately until a qualified
archaeologist has reviewed the findings. An Unanticipated Discoveries Plan would be prepared prior to resuming construction.
Therefore, the Project is anticipated to result in no or less than significant effects to human remains.

VIIl. GREENHOUSE GAS EMISSION Would the project:

a)

Imperial County Planning & Development Services Department

Generate greenhouse gas emissions, either directly or

indirectly, that may have a significant impact on the [ O X |
environment?

a) Less Than Significant. The construction of the Project involves diesel- and gasoline-fueled equipment, such as trucks,
excavators, and powered hand tools. These tools emit greenhouse gases, but these emissions would be minor, temporary
(approximately eight months), and well under the 10,000 COze Ib/day threshold established by AB 32,
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Greenhouse gas emissions from the Heber 2 Complex after the new facilities are developed would not increase. Therefore,
greenhouse gas emissions as result of the Project would be less than significant.

b)  Conflict with an applicable plan or policy or regulation adopted
for the purpose of reducing the emissions of greenhouse O U X O
gases?
b) Less Than Significant. The Project would not contribute a significant amount of greenhouse gases, with most being emitted
during the temporary construction phase. Long-term emissions fm the Heber 2 Complex would remain the same or very similar to
the existing emissions profile. Therefore, less than significant impacts to any greenhouse gas reduction plans, policy, or regulations
would be caused, and only during Project construction.

tX. HAZARDS AND HAZARDOUS MATERIALS Would the project:

a) Create a significant hazard to the public or the environment
through the routine transport, use, or disposal of hazardous I O X O
materials?

a) Less than Significant. The Project would utilize isopentane as the motive fluid to generate energy from the geothermal
resource/fluids. The Project proposes to install three additional 10,000-gallon ABSTSs for additional isopentane storage/use.
Isopentane is a regulated substance by the USEPA. The Heber 2 Complex is classified as Prevention Program 3 and is
regulated by USEPA's Risk Management Program for Chemical Accidental Release Prevention (40 CFR 68.20-68.42) because
isopentane is stored on site in excess of 10,000 Ibs. Isopentane would be delivered to the Project Site by a licensed commercial
transport company, in accordance with US DOT regulations for the transport of dangerous goods.

A Hazard Assessment (HA) was prepared to assess the potential effects and risks of the additional isopentane storagefuse by the
Project (Appendix G). The HA analyzed the isopentane storage/use by identifying the worst-case scenarios and endpoints of concern
(as defined by EPA RMP and 40 CFR 68.22) including the following:

o Explosion (an overpressure of 1 psi)

e  Radiant Heat/Exposure Time (a radiant heat of 5 kW/m? for 40 seconds)

e  |ower Flammability Limit (as provided by NFPA)
Using these criteria, the HA assessed the worst-case scenario of a catastrophic failure of one of the three new 10,000-galion
isopentane tanks. As modeled in the HA, the worst-case scenario event would have an impact up to 0.3 miles, or 1,584 feet. The
closest potentially affected public are the residences approximately 3,500 feet to the northeast of the isopentane tanks. Therefore, the
public or environment would not be exposed to a significant hazard through the Project's use/storage/transport of isopentane.

A certified fire protection engineer survey and analysis of current and proposed fire suppression and detection equipment will
be performed to evaluate the current systems performance and coverage of protection prior to construction. This analysis will
evaluate proposed fire suppression and detection equipment in conjunction with existing equipment and be reviewed and
approved by the Fire Department and OES prior to building permits approval. Isopentane leak or fire will require a large scale
evacuation area and create a large scale hazardous material incident with a large operational zone.To minimize potential
extremely dangerous condition to firefighters and hazardous material teams Imperial County Fire Department is requiring that a
Drone be purchase for Imperial County Fire Department. The final cost, details, and equipment of the drone shall be determined
prior the issuance of the building permit. Additionally, the following requirements will be conditioned in the proposed Conditional
Use Permit. The drone usage will help reduce required monitoring and compliance impacts to a level of less than significant.

® Al isopentane above ground storage tanks will be protected by approved automatic fire suppression
equipment. All automatic fire suppression will be instailed and maintained to the current adapted fire code
and regulation.

® An approved automatic fire detection system will be installed as per the California Fire Code. All fire detection
systems will be installed and maintained to the current adapted fire code and regulations.

®  Fire department access roads and gates will be in accordance with the current adapted fire code and the facility wil
maintain a Knox Box for access on site.

*  Compliance with all required sections of the firecode.
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e  Applicant will provide product containment areas(s) for both product and water run-off in case of fire applications and
retained for removal.

b) Create a significant hazard to the public or the environment
through reasonable foreseeable upset and accident conditions
involving the release of hazardous materials into the O u X u
environment?
b) Less than Significant see above (a)

¢) Emit hazardous emissions or handle hazardous or acutely
hazardous materiais, substances, or waste within one-quarter O ] ] X
mile of an existing or proposed school?
¢) No Impact. There are no schools or sensitive receptors within a quarter-mile of the Project Site (Appendix G). The closest potential
sensitive receptors are located approximately 3,500 feet to the northeast of the Project Site. Therefore, no impacts to schools or

sensitive receptors from nominal isopentane releases/emissions would occur due to the Project.

d) Be located on a site, which is included on a list of hazardous
materials sites compiled pursuant to Government Code
Section 65962.5 and, as a result, would it create a significant D O D El
hazard to the public or the environment?

d) No Impact. The Project Site is not located on a site that is included on a list of hazardous materials sites compiled pursuant to
Government Code Section 65962.5 and, therefore, would not create a significant hazard to the public or environment.

e)  Fora project located within an airport land use plan or, where
such a plan has not been adopted, within two miles of a public
airport or public use airport, would the project result in a safety O Il |:| X
hazard or excessive noise for people residing or working in the
project area?
) No Impact. The Project Site is not located in an airport land use plan or within two miles of an active airport. Therefore, the
Project would have no impact on ongoing or planned airport activities or peoplefemployees.

f)  Impair implementation of or physically interfere with an
adopted emergency response plan or emergency evacuation O Il O X
plan?
f) No Impact. The proposed facilities would be located within the existing Heber 2 Complex site and would not interfere with any
emergency response or evacuation plans. Construction equipment delivering large components of the proposed facilities may
temporarily block Dogwood Road to ensure safe delivery of the components, but these blockages are expected to be temporary
(i.e., 5 minutes) and not significantly impede traffic flow. Therefore, no impacts to emergency response or evacuation plans would

occur as result of the Project.

g) Expose people or structures, either directly or indirectly, to a O n N =
significant risk of loss, injury or death involving wildland fires?
g) No Impact. The Project Site is not located in areas considered wildiands, as the vast majority of the surrounding area is cultivated
farmlands. The Project Site does not lie within a fire hazard zone and is not subject to risk of wildland fires (CalFire, 2007). Therefore,

there would be no impact associated with risk from wildlands fire.
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X. HYDROLOGY AND WATER QUALITY Would the project:

a)

b)

c)

Violate any water quality standards or waste discharge

requirements or otherwise substantially degrade surface or | | [l X
ground water quality?

a) No Impact. The proposed Project would not discharge any waste fluids or substances, nor violate any water quality standards;
therefore, no impacts to water quality would occur as result of the Project.

Substantially decrease groundwater supplies or interfere

substantially with groundwater recharge such that the project O | 0 =
may impede sustainable groundwater management of the

basin?

b) No Impact. The proposed Project would not require additional groundwater/geothermal fluids. One production and two injection
wells are present on the Heber 2 site and the quantity of injection fluid would remain the same under the Project. Therefore, no
impacts to groundwater supplies would occur as result of the Project.

Substantially aiter the existing drainage pattem of the site or

area, including through the alteration of the course of a stream

or river or through the addition of impervious surfaces, in a O O X J
manner which would:

¢) No Impact. The Project would not divert or alter any existing streams or canals on/near the Project Site. The Project would create
less than 200 square feet of impervious surface to accommodate the proposed facilities. The remainder of the Project Site would be
exposed dirt/gravel. Therefore, the Project would not increase storm-water runoff or result in on- or off-site flooding.

i) resultin substantial erosion or siltation on- or off-site;
0 ' O O X O

i) Less Than Significant. The Project would not divert or alter any existing streams or canals on/near the Project Site. The
Project Site was graded during the original construction of the Heber 2 Complex in 1992 and site preparation activities
would not significantly alter the existing grade of the Project Site. A Water Quality Management Plan (WQMP) prepared
for the Project assesses potential effects to storm-water and provides recommendations and Best Management Practices
(BMPs) to minimize potential erosion and siltation effects (Appendix D). Through the application of the WQMP,
construction effects from site preparation would not result in a less than significant effect to existing drainage patterns.

(i) substantially increase the rate or amount of surface
runoff in @ manner which would result in flooding on- or [l O X X
offsite;

ii) Less Than Significant. The Project would not divert or alter any existing streams or canals on/near the Project Site. The
Project Site was graded during the original construction of the Heber 2 Complex in 1992 and site preparation activities
would not significantly alter the existing grade of the Project Site. A Water Quality Management Plan (WQMP) prepared
for the Project assesses potential effects to stormwater and provides recommendations and Best Management Practices
{(BMPs) to minimize potential erosion and siltation effects (Appendix D). Through the application of the WQMP,
construction effects from site preparation would not result in a less than significant effect to existing drainage patterns.

(iii) create or contribute runoff water which would exceed
the capacity of existing or planned stormwater drainage
systems or provide substantial additional sources of O O X D
polluted runoff; or;

iii) Less Than Significant. The Project would not divert or alter any existing streams or canals on/near the Project Site. The
Project Site was graded during the original construction of the Heber 2 Complex in 1992 and site preparation activities
would not significantly alter the existing grade of the Project Site. A Water Quality Management Plan (WQMP) prepared
for the Project assesses potential effects to stormwater and provides recommendations and Best Management Practices
(BMPs) to minimize potential erosion and siltation effects (Appendix D). Through the application of the WQMP,
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d)

construction effects from site preparation would not result in a less than significant effect to existing drainage patterns
(iv) impede or redirect flood flows?

iv) Less Than Significant. The Project would not divert or alter any existing streams or canals on/near the Project Site. The
Project Site was graded during the original construction of the Heber 2 Complex in 1992 and site preparation activities
would not significantly alter the existing grade of the Project Site. A Water Quality Management Plan (WQMP) prepared
for the Project assesses potential effects to stormwater and provides recommendations and Best Management Practices
(BMPs) to minimize potential erosion and siltation effects (Appendix D). Through the application of the WQMP,
construction effects from site preparation would not result in a less than significant effect to existing drainage patterns.

In flood hazard, tsunami, or seiche zones, risk release of
pollutants due to project inundation? O O O 0

d) No Impact. The Project Site is not located in a potential seiche, tsunami, or mudflow zone. Additionally, the Geotechnical Analysis
(Appendix E) concludes that liquefaction would not occur at the Project Site due to the cohesive nature of the subsurface soils.
Therefore, the Project would not expose any people or structures to a significant risk of loss, injury, or death involving a seiche, tsunami,
or mudflow.

Conflict with or obstruct implementation of a water quality
control plan or sustainable groundwater management plan? O O O X

e) Less Than Significant. Construction of the proposed facilities would not significantly alter the existing stormwater drainage pattern
or grade. The existing site condition is exposed soils and gravel, and after site preparation, this area would be returned to a soil/gravel
surface. The Project would create less than 200 square feet of impervious surface to accommodate the proposed facilities. The
remainder of the Project Site would be exposed dirt/gravel that follows the existing grade of the Site. Stormwater would be allowed to
infiltrate and would follow the existing drainage pattems to the existing Heber 2 stormwater facilities. With less than 200 square feet of
impervious surfaces being developed as part of the Project, the amount of stormwater to the existing basins would not increase.
Therefore, the Project would cause a less than significant addition of stormwater to the existing stormwater infrastructure and would
create a less than significant amount of stormwater pollution. The proposed facilities would not discharge any fluids or substances to
surface waters; therefore, construction of the Project is the only phase during which water quality may be impacted. Construction
activities would have the potential to expose site soils to erosion and mobilize sediments in stormwater. However, with the application
of the WQMP (Appendix D), on- and off-site erosion and siltation impacts to water quality related to construction of the Project would
be less than significant.

XI. LAND USE AND PLANNING Would the project:

a)

b)

Physically divide an established community? N Il Il <

a) No Impact. As discussed in Section 3.1, the Project Site is zoned for major geothermal energy projects by Imperial County, and
the Project is consistent with the standards and objectives set forth in the Imperial County Renewable Energy Plan. Therefore, the
Project is consistent with the land use designations established by Imperial County and will not result in an incompatible land use.
Furthermore, the closest residents are approximately 3,500 feet to the northeast to the Heber 2 site and would not experience a
physical effect from the construction or operation of the proposed facilities.

Cause a significant environmental impact due to a conflict with

any land use plan, policy, or regulation adopted for the O O ] X
purpose of avoiding or mitigating an environmental effect?

b) No Impact. The Project Site is zoned as A-2-G-SPA, for General Agriculture (A-2), Geothermal Overlay Zone (G), and in the Heber
Specific Plan Area (SPA). The Project site is entirely within the Imperial County Geothermal Overlay Zone. "Major Geothermal Projects’
in the overlay zone are permitted through the CUP process, as was the original Heber 2 project. The Heber SPA is intended “to allow
for commercial, residential, industrial, renewable energy and other employment oriented development in a mixed used orientation”
(Land Use Element of the Imperial County General Plan, 2015). Therefore, the proposed Project conforms to the standards and goals
set forth in the Imperial County General Plan and the Renewable Energy and Transmission Element of County of Imperial General
Plan (2015) and would not result in an effect to land use/planning. No habitat conservation plans or natural community conservation
plans are designate for the Project Site; therefore, the Project would not result in any impact to these plans or programs.
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XIl. MINERAL RESOURCES Would the project:

a)

Result in the loss of availability of a known mineral resource
that would be of value to the region and the residents of the O O O X
state?

a) No Impact. The Project would allow for the continued operation of a permitted major geothermal energy power plant that utilizes
the geothermal energy zone established by Imperial County. The proposed facilities would not increase the use of the geothermal
resource/reservoir, rather allow the existing Heber 2 Complex to operate more efficiently and return its nameplate energy generation
capacity to 33 MW. The Heber 2 Complex has been producing renewable energy since 1992 and the proposed facilities would allow
for that to be extended until 2049, assisting with meeting the state mandates for renewable energy and reducing greenhouse gas
emissions. Therefore, the Project would result in no impacts to a known mineral resource.

Result in the loss of availability of a locally-important mineral

resource recovery site delineated on a local general plan, O O [l X
specific plan or other land use plan?

b) No Impact. The Project Site is zoned by Imperial County for major geathermal energy projecis, and the Project is in conformance
with this land use designation. The proposed facilities would not increase the use of the geothermal resource/reservair, rather allow
the existing Heber 2 Complex to operate more efficiently and return its nameplate energy generation capacity to 33 MW. The Project
would not prohibit any additional development of geothermal energy facilities in Imperial County. Therefore, the Project would not
result in the loss of availability of this unique local geothermal resource.

XIll. NOISE Would the project result in:

a)

b)

Generation of a substantial temporary or permanent increase

in ambient noise levels in the vicinity of the project in excess

of standards established in the local general plan or noise O O O ¢
ordinance, or applicable standards of other agencies?

a) No Impact. Per the Imperial County Noise Ordinance, the noise limit for the Project Site, which is considered an Industrial facility
by the ordinance, is 75 decibels (one-hour average sound level) and allowed to operate 24 hours per day. The proposed facilities
would not represent a significant new source of noise, as the OECs and storage tanks are fully contained units (see Figure 4 and
Figure 5 above for pictures of the proposed facilities). Further, the new OEC units would replace dated equipment, and may result in a
reduction in operational noise. Considering the Project is within the ‘normally acceptable” range established by Imperial County and
the Project is not anticipated to increase noise emissions from the existing plant, the Project operation would result in a less than
significant noise impact. Additionally, the closest receptors to facility noise are located approximately 3,500 feet to the northwest of the
Project Site and well out of range from hearing the facility. The Heber 2 Complex has never received a noise complaint.

Construction activities would be limited to 7 a.m. to 7 p.m. Monday through Friday, and 9 a.m. to 5 p.m. on Saturday, per the Imperial
County Noise Ordinance. During construction, noise emissions would be periodic and temporary, depending on the use of the heavy
equipment (i.e., semi-truck frailers, flatbed trucks, excavators/bulldozers, and a crane). Smaller hand tools such as drills,
compressors, and welding equipment would be used consistently during the construction phase (approximately eight months).
Construction noise from the development of the proposed facilities would likely be drowned out from the existing noise conditions at
the Heber 2 Complex, which is permitted to emit up to 75 decibels any time of the day (§90702.00 — Sound Level Limits). Further,
there are no sensitive receptors in close proximity to the Heber 2 site, and the closest residence is over 3,500 feet away from the
Project Site. Therefore, Project construction and operation would not expose of noise to people and would not

exceed county noise ordinance levels.

Generation of excessive groundborne vibration or
groundborne noise levels? ? O L b O
b) Less Than Significant: The only phase of the Project that would generate vibration or ground-bome noise is the site preparation
activities, which include minor excavation and compaction. Site preparation activities would result in varying degrees of temporary
ground vibration, depending on the specific construction equipment used and operations involved. All heavy, mobile construction
equipment would be temporary.
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For a project located within the vicinity of a private airstrip or

an airport land use plan or where such a plan has not been

adopted, within two miles of a public airport or public use O N O X
airport, would the project expose people residing or working in

the project area to excessive noise levels?

¢) No Impact The project site is not located within the vicinity of a private airstrip and or airport land use plan or within two miles of
a public airport or public use airport.

XIV. POPULATION AND HOUSING Would the project:

a) Induce substantial unplanned population growth in an area,
either directly (for example, by proposing new homes and
business) or indirectly (for example, through extension of O O O X
roads or other infrastructure)?
a) No Impact. The Project would require a temporary increase in labor force (15 workers) during the short-term construction period
(approximately eight months). It is assumed that the workforce would be from southern California and would likely not require
accommodations. The Project does not involve the construction of any new housing or commercial areas that would attract new
residents to the area. The proposed project improvements are designed within the existing footprint to the current ongoing geothermal
operation. The expansion would not appear to induce population growth in the area. The construction of work is temporary and any
additional full time work would not appear to be substantial impact.

b)  Displace substantial numbers of existing people or housing,
necessitating the construction of replacement housing O [l O X
elsewhere?
b) No Impact. Construction of the proposed Project would not displace any existing people in the vicinity of the Project Site. Therefore,
no impacts to residents would occur as result of the Project The project development within the existing geothermal facility will be to
replace, repair and update is electrical generation site. There would not appear to be any displacement of full time workers. The
construction is temporary.

XV.  PUBLIC SERVICES

a) Would the project result in substantial adverse physical
impacts associated with the provision of new or physically
altered governmental facilities, need for new or physically
altered governmental facilities, the construction of which could O O X O
cause significant environmental impacts, in order to maintain
acceptable service ratios, response ftimes or other
performance objectives for any of the public services:
1) Fire Protection? O O X O
1) Less Than Significant. Considering that the existing environment is an operating geothermal energy plant, the Project would not
significantly increase the demand for public services. Additional fire response could be needed in the instance of a catastrophic event
with an isopentane tank. A Hazard Assessment (Appendix G) was prepared for the Project and concluded that the likelihood of a
catastrophic event is highly unlikely. Therefore, potential impacts to public services are less than significant.
2) Police Protection? O O] O X
2) No Impact. This proposed project would not appear to impact police protection at the site or nearby neighborhoods. The
construction is within the footprint of the existing facility. The Project would not result in any new security risks, nor an increase in
population or housing; therefore, the Project would not impact police protection services.
3) Schools? O O Il X
3) No Impact. The Project would not result in an increase in population or housing and would not require additional school services.
4) Parks? O O ] [
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4) No Impact. The Project would not result in an increase in population or housing and would not increase demand/use for local
parks.
5) Other Pubiic Facilities? O O O X

5) No Impact. The Project would not put an increased burden on off-site public services, including existing fire, police, school and
other governmental services. Therefore, no impact would occur.

XVI. RECREATION

a) Would the project increase the use of the existing
neighborhood and regional parks or other recreational
facilities such that substantial physical deterioration of the O O O X
facility would occur or be accelerated?
a) No Impact. The Project would require a temporary increase in labor force during the short-term construction period (approximately
eight months). It is assumed that the workforce would be local and not require accommodations. Therefore, the Project would not result
in an increase in population that would increase use of existing neighborhood or regional recreational facilities. Therefore, no impact
would occur as result of developing the Project.

b}  Does the project include recreational facilities or require the
construction or expansion of recreational facilities which might N | O X
have an adverse effect on the environment?
b) No Impact. Development of the proposed facilities would not restrict or preclude access to any recreational opportunities or
assets/parks in the area. The Project would require a temporary increase in labor force during the short-term construction period
(approximately eight months). It is assumed that the workforce would be local and not require accommodations. Therefore, the Project
would have no impact on the in demand/use of recreational facilities that would have an adverse physical effect on the environment.

XVIl. TRANSPORTATION  Would the project:

a)  Conflict with a program plan, ordinance or policy addressing
the circulation system, including transit, roadway, bicycle and O O X O
pedestrian facilities?
1) Less Than Significant. Lone site access is provided via Dogwood Road, which is classified as a Regional Arterial in the
Imperial County Long Range Transportation Plan (2013). Dogwood Road's Average Daily Traffic (ADT) is approximately
15,000 vehicles per day and its level of service (LOS) is E. LOS E indicates that this arterial is operating at capacity and
traffic flow can be irregular.

Construction of the proposed facilities may result in nominal and short-term increases in vehicle trips by construction workers and
construction vehicles on area roadways. These frips would include construction workers commuting to and from the Project Site, haul
truck trips associated with the transfer and disposal of materials, and material and equipment deliveries. The number of construction-
related trips would vary each day, depending on construction phase, planned activity, and material needs.

Construction traffic on roadways in the immediate vicinity of the Project site and along haul routes could result in nominal and short-
term increases in traffic volumes. The presence of construction trucks, with their slower speeds and farger turning radii, may temporarily
reduce roadway capacities in the immediate vicinity of the Project Site. These nominal impacts of construction traffic would be most
noticeable in the immediate vicinity of the Project site and less noticeable farther away and on regional roadways. Considering that no
new employees would be hired to support the new facilities, all traffic-related impacts would be temporary and only occur during the
construction phase (eight months).

Therefore, Project construction would cause incremental, short-term increases in traffic but construction-related trips are expected to
be approximately 25-40 per day and well under the thresholds for developing a transportation management plan (i.e. 800
commercialfindustrial trips). Therefore, Project construction would not conflict with any applicable transportation plans (i.e., Imperial
County State Transportation Improvement Program/Plan, 2016) or contribute to a long-term decrease in LOS.
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b)  Would the project conflict or be inconsistent with the CEQA
Guidelines section 15064.3, subdivision (b)? O U B O
b) Less Than Significant. Please see (a)

¢)  Substantially increases hazards due to a geometric design
feature (e.g., sharp curves or dangerous intersections) or O O O X
incompatibie uses (e.g., farm equipment)?
¢) No Impact. The Project does not include any aviation-related use and would have no impact on airports. The Project would also
not require any modification of flight paths for existing airports. Therefore, no impact fo air traffic patterns would oceur as result of the
Project.

d)  Resultin inadequate emergency access? ] N | X
d) No Impact. All proposed facilities would be constructed within the existing Heber 2 Complex site and not introduce any
transportation hazards, design features, or incompatible uses with surrounding roadways. Therefore, there would be no increase to
hazards due to the Project design. Emergency vehicle access is identified and designated at the Heber 2 site, and these areas would
not be changed as result of the proposed developments. Therefore, no impacts to emergency access to the plant site or surrounding
area would occur under the Project.

XVIII. TRIBAL CULTURAL RESOURCES

a)  Would the project cause a substantial adverse change in the
significance of a tribal cultural resource, defined in Public
Resources Code Section 21074 as either a site, feature, place,
cultural landscape that is geographically defined in terms of O O Il 4
the size and scope of the landscape, sacred place or object
with cultural value to a California Native American tribe, and
that is:

(i) Listed or eligible for listing in the California Register

of Historical Resources, or in a local register of

historical resources as define in Public Resources u O L &

Code Section 5020.1(k), or
(i) No Impact. There are no known tribal cultural resources present on the Project Site. The Project Site is completely devoid
of any vegetation, water, or natural features that could be defined as a tribal cultural resource or traditional use area. Further,
considering the Project Site was entirely disturbed when the Heber 2 power plant was developed, the probability of encountering
an unforeseen/buried tribal cultural resource is very low. As described in Section 2.1.8 above, Project construction personnel
would monitor areas during surface disturbing activities and if any potential tribal cultural resources are encountered, all
construction affecting the discovery site would be suspended immediately until a qualified archaeologist has reviewed the
findings. An Unanticipated Discoveries Plan would be prepared prior to resuming construction. Therefore, the Project is
anticipated to result in no impacts to tribal cultural resources.
(i) A resource determined by the lead agency, in its

discretion and supported by substantial evidence, fo

be significant pursuant to criteria set forth in

subdivision (c) of Public Resources Code Section

5024.1. In applying the criteria set forth is O ] J X

subdivision (c) of Public Resource Code Section

5024.1, the lead agency shall consider the

significance of the resource to a California Native

American Tribe.

(i) No Impact please see( i)
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XIX. UTILITIES AND SERVICE SYSTEMS Would the project:

a)  Require or result in the relocation or construction of new or
expanded water, wastewater treatment or stormwater
drainage, electric power, natural gas, or telecommunications O O O X
facilities, the construction of which could cause significant
environmental effects?
a) No Impact. Construction of the proposed facilities would not generate/discharge any wastewater. Portable toilets would be brought
on-site per California Code of Regulations, Title 8, Section 1526, Subchapter 4, Construction Safety Orders Article 3, General §1526,
Toilets at Construction Jobsites and disposed of at the appropriate wastewater facility, resulting in no impact to RWQCB requirements.
Heber 2 Complex employees have permanent bathrooms in the existing facilities, and no new wastewater would be generated from
the operation of the proposed facilities. Therefore, no impacts to wastewater would occur as a result of the Project.

b)  Have sufficient water supplies available to serve the project
from existing and reasonably foreseeable future development | ] O X
during normal, dry and multiple dry years?
b) No Impact. The Project would not require any additional water supplies and no new water rights would be required. Therefore,
no impacts to any water entitlements or resources would occur as a result of the Project.

c) Result in a determination by the wastewater treatment
provider which serves or may serve the project that it has
adequate capacity to serve the project's projected demand in O O O ¢
addition to the provider's existing commitments?
¢) No Impact. Project construction would not generate any wastewater, and Project operation would not increase the amount of
wastewater generated at the existing Heber 2 Complex. Therefore, no impacts to the wastewater treatment utility's service capacity
would occur under the Project.

d)  Generate solid waste in excess of State or local standards, or
in excess of the capacity of local infrastructure, or otherwise O O O X
impair the attainment of solid waste reduction goals?
d) No Impact: Project construction waste generation would likely be limited to packaging for equipment and supplies, and
construction personnel waste (i.e., wrappers, food waste). There are two active waste disposal facilities/landfills in Imperial County
that are accepting wastes and these facilities have the capacity to service to the Project. Operation of the proposed facilities would
not generate any solid waste. Therefore, the Project would not result in an impact to the waste disposal facilities in Imperial County.

e) Comply with federal, state, and local management and
reduction statutes and regulations related to solid waste? O O O X
e) No Impact. Project construction waste generation would likely be limited o packaging for equipment and supplies, and
construction personnel waste (i.e., wrappers, food waste). No hazardous wastes would be generated as result of Project construction
or operation. Operation of the proposed facilities would not generate any solid wastes. All construction wastes would be disposed of
at the appropriate receiving facility, and there are two active waste disposal facilities/landfills operating in Imperial County that can
service the Project. Therefore, the Project would not violate any federal, state, or local solid wastes statutes or regulation.

XX. WILDFIRE

If located in or near state responsibility areas or lands classified as very high fire hazard severity zones, would the Project:

a)  Substantially impair an adopted emergency response plan or
emergency evacuation plan? Ll [ ] X
a) No Impact: The Second Imperial Geothermal Co. site is not located or near state responsibility, areas or lands classified as very
high, high or moderate hazard severity zones.
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Potentially

Potentially Significant Less Than

Significant Unless Mitigation Significant
Impact Incorporated Impact No Impact
(PSI) (PSUMI) (LTSI) (NI)

b)  Due to slope, prevailing winds, and other factors, exacerbate
wildfire risks, and thereby expose project occupants to
pollutant concentrations from a wildfire or the uncontrolled D O O X
spread of a wildfire?
2) No Impact: The project site, Second Imperial Geothermal Co. project is not located or near state responsibility, areas or lands
classified as very high, high or moderate hazard severity zones. The project appears to be surrounded by agricultural related
land.

c) Require the installation or maintenance of associated
infrasfructure (such as roads, fuel breaks, emergency water
sources, power lines or other utilities) that may exacerbate fire O O O X
risk or that may result in temporary or ongoing impacts to the
environment?
¢) No Impact: The existing Heber 2 Emergency Response Plan addresses project construction and operations. The proposed work
is within the existing footprint of ongoing geothermal activities in the Heber 2 plant site. There appears to be no impacts to existing
roads, emergency water sources, power lines or other utilities in or near this work.

d) Expose people or structures to significant risks, including
downslope or downstream flooding or landslides, as a result 1l | O X
of runoff, post-fire slope instability, or drainage changes?
d) No Impact: The project is located on mostly flat terrain. The existing geothermal facility has been in operation for a number of
years and there would appear to no impacts from landslides, runoff or drainage changes.

Note: Authority cited: Sections 21083 and 21083.05, Public Resources Code. Reference: Section 65088.4, Gov. Code; Sections 21080(c), 21080.1, 21080.3, 21083,
21083.05, 21083.3, 21093, 21094, 21095, and 21151, Public Resources Code; Sundstromv. Courty of Mendocino, (1988) 202 Cal.App.3d 296; Leonoffv. Morterey Board of
Supervisors, (1990) 222 Cal.App.3d 1337; Eureka Citizens for Responsble Govt v. Gty of Eureka (2007) 147 Cal. App.4th 357, Protect the Historic Amador Weterways v. Amador Water
Agency (2004) 116 Cal.App.4th at 1109; San Franciscans Uphokiing the Downtown P v. Glly and Courtty of San Francisoo (2002) 102 Cal App. 4th 656.

Revised 2009- CEQA
Revised 2011- ICPDS
Revised 2016 - ICPDS
Revised 2017 - ICPDS
Revised 2019 - ICPDS

. ———————————
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Potentially

Potentially Significant Less Than

Significant Unless Mitigation Significant
Impact Incorporated Impact No Impact
(PSI) (PSUMI) (LTSI (NI)

SECTION 3
lll. MANDATORY FINDINGS OF SIGNIFICANCE

The following are Mandatory Findings of Significance in accordance with Section 15065 of the CEQA Guidelines.

a) Does the project have the potential to
substantially degrade the quality of the
environment, substantially reduce the habitat
of a fish or wildlife species, cause a fish or
wildlife population to drop below self-
sustaining levels, threaten to eliminate a plant
or animal community, substantially reduce the u 0 0 -
number or restrict the range of a rare or
endangered plant or animal, eliminate tribal
cultural resources or eliminate important
examples of the major periods of California
history or prehistory?

b) Does the project have impacts that are
individually  limited, but cumulatively
considerable? (“Cumulatively considerable”
means that the incremental effects of a project
are considerable when viewed in connection u u 0 u
with the effects of past projects, the effects of
other current projects, and the effects of
probable future projects.)

¢) Does the project have environmental effects,
which will cause substantial adverse effects on ] O J [l
human beings, either directly or indirectly?

e R
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IV. PERSONS AND ORGANIZATIONS CONSULTED

This section identifies those persons who prepared or contributed to preparation of this document. This section is
prepared in accordance with Section 15129 of the CEQA Guidelines.

A. COUNTY OF IMPERIAL

Jim Minnick, Director of Planning & Development Services

Michael Abraham, AICP, Assistant Director of Planning & Development Services
David Black, Project Planner

Imperial County Air Pollution Control District

Department of Public Works

Fire Department

Ag Commissioner

Environmental Health Services

Sheriff's Office

B. OTHER AGENCIES/ORGANIZATIONS
e DTSC Imperial CUPA

(Written or oral comments received on the checklist prior to circulation)

—_——e—,—,—— e e
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VI, NEGATIVE DECLARATION - County of Imperial

The following Negative Declaration is being circulated for public review in accordance with the California Environmental
Quality Act Section 21091 and 21092 of the Public Resources Code.

Project Name: Heber 2 Geothermal Repower Project
Project Applicant: Second Imperial Geothermal Company

Project Location: The proposed development would occur entirely on the 39.99-acre Assessor's Parcel Number (APN)
054-250-031. This parcel also includes geothermal facilities for the Goulds 2 and Heber South projects. The address for
the Heber 2 Complex is 855 Dogwood Road, Heber, CA 92249. The legal description is Tract 44, Township 16 South,
Range 14 East, SBB&M. See Exhibit A and B.

Description of Project: Perform CUP amendment to allow for installation of two new water-cooled ORMAT Energy
Converters (OECs) to replace six old units from 1992; three 10,000 gallon isopentane above ground storage tanks;
and, additional pipes to connect the proposed facilities with the existing Heber 2 Geothermal Energy Complex. Al
proposed facilities would be developed within the existing Heber 2 Complex and fence line. The total project
disturbance from developing the new facilities is approximately 4 acres. The CUP amendment application also
proposes to renew the permitted life of the entire Heber 2 Complex (including the Goulds 2 and Heber South geothermal
energy facilities) to 30 years (2019-2049). The proposed facility upgrades would allow the Heber 2 Complex to run
more efficiently and refurbish the Heber 2 Complex to the original nameplate capacity (33 megawatts) without
expanding the existing facility beyond the current footprint, and produce clean renewable energy in the imperial Valley
for the next three decades.

The proposed Project Site is within the existing Heber 2 power plant area, and all proposed facilities would be located
within the existing fence line and permit area. As an active energy generation facility, the Project Site is devoid of any
vegetation, streams/wetlands, or existing facilities (Figure 6). As observed in Figure 2 (site plan), Figure 6 (photo of
Project Site), and exhibits A & B (site photos), the proposed facilities would be installed in the vacant, undeveloped
areas of the Heber 2 site.
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The Project Site is entirely within APN 054-250-031, which is zoned as A-2-G-SPA, for General Agriculture (A-2),
Geothermal Overlay Zone (G), and in the Heber Specific Plan Area (SPA). The Project Site is entirely within the Imperial
County Geothermal Overlay Zone. “Major Geothermal Projects” in the overlay zone are permitted through the CUP
process, as was the original Heber 2 project. The Heber SPA is intended “to allow for commercial, residential, industrial,
renewable energy and other employment oriented development in a mixed used orientation” (Land Use Element of the
Imperial County General Plan, 2015). Therefore, the proposed Project conforms to the standards and goals set forth
in the Imperial County General Plan and the Renewable Energy and Transmission Element of County of Imperial
General Plan (2015).

Surrounding land uses include a solar energy facility to the west of the Project Site, a commercial aggregate/rock
supplier to the south, and agriculture to the north and east. The primary use in the general surrounding area is
agriculture. The closest residences to the Project Site are in the town of Heber, approximately 3,500 feet to the
northeast of the Project Site.

_e—
——————————————————— |
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VL. FINDINGS

This is to advise that the County of Imperial, acting as the lead agency, has conducted an Initial Study to
determine if the project may have a significant effect on the environmental and is proposing this Negative
Declaration based upon the following findings:

EI The Initial Study shows that there is no substantial evidence that the project may have a significant effect on
the environment and a NEGATIVE DECLARATION will be prepared.

]:l The Initial Study identifies potentially significant effects but:

(1) Proposals made or agreed to by the applicant before this proposed Mitigated Negative Declaration
was released for public review would avoid the effects or mitigate the effects to a point where clearly
no significant effects would occur.

(2) There is no substantial evidence before the agency that the project may have a significant effect on
the environment.

(3) Mitigation measures are required to ensure all potentially significant impacts are reduced to levels of
insignificance.

A NEGATIVE DECLARATION will be prepared.
If adopted, the Negative Declaration means that an Environmental Impact Report will not be required. Reasons
to support this finding are included in the attached Initial Study. The project file and all related documents are

available for review at the County of Imperial, Planning & Development Services Department, 801 Main Street,
El Centro, CA 92243 (442) 265-1736.

NOTICE

The public are invited to comment on the proposed Negative Declaration during the review period.

Date of Determination Jim Minnick, Director of Planning & Development Services

The Applicant hereby acknowledges and accepts the results of the Environmental Evaluation Committee (EEC) and
hereby agrees to implement all Mitigation Measures, if applicable, as outlined in the MMRP.

Applicant Signature Date

- — —  _  __ _  _ _ — _ _— _  __ __ _____________________
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SECTION 4

Vil RESPONSE TO COMMENTS
N/A

—_—— N e ————————
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IX. MITIGATION MONITORING & REPORTING PROGRAM (MMRP)

N/A

S:1 0541250\031\CUP19-0017\IS
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Imperial County Planning & Development Services Department Inifial Study, Environmental Checkilst Form & Negative Declaration for (Heber 2 Geothermal Repower Project; CUP No. 18-0017)
Page 43 of 43



2 | 1
DESCRIPTION DATE — BY | CHK|ENG
| P | UPDATE MODELS GES-1 & DNC-2 SAPRE0Y | AS.
(24 TE DES-1 ATAPRZNG| AS.|
| P8
P3

WPDATE DEC-1 & DEC-2 BTMAYEOIS] AS.
UPDATE LOCATIDN [EC-1 AL

i
IEIE{gIz: 2|

En

EXISTING FENCE LINE
PROPOSED UNIIRGROUND CW SUPPLY LINE
PROPOSED UNDTRGROUND CW RETURN LINC
PROPOSED BR SUPPLY LINE
PROPOSED BR RETURN LINE

Z EQUIPMENT TO Bc DECOMMISSIONED

EXISTING EGUIPMEINT TO REMAIN
CwW COOLING WATER

u/G UNDERGROUND

BR GEOTHERMAL BRINT

OeEc ORMAT ENERGY CONVERTOR
M MOTIVE FLUID

NOTE:

1, THC ARRANGEMENT AND SIZES PRESENTED ARE PRELIMINARY
AND INDICATIVE DNLY AND SUBJECT TO _ CHANGED ON DESIGN
OPTIMIZATIGN , DETAILED DESIGN AND ACTUAL EQUIPMENT
PURCHASED (MANUFACTURED).

2 DIMENSIONS ARE IN MM [ FEETI, ELEVATIGNS ARE IN MM FEETI

920 w0 %0
GRAPHIC SCALE (FEET)

,..@ Stantec |’

Second Imperial Geothermal Company
855 B Dogwnad Faad
Heber CA 92249

TITLE
HEBERZ REPOWER
GENERAL ARRANGEMENT
POWER PLANT ON MAP

BTl | DescaaDer
i
Ceoan T TvRTneY A

PMOETT MR ML
S s B AL A

barg = PLE PATH
oanLee oh e

1 0F 1




INTEGRATION OF HEBER II FACILITIES

BRINE INJECTION =~ =—-—-—o- —
BRINE PRODUCTION |
|
__________ —| |
| COOLING TOWER | j
[ 00O —
| .
|[ (EXISTING) 1 |
[ [ |
| OEC 7 e
| | ]
. - N |
|
r—— ] i
| | |
| OEC 1 | |
| | |
| (NEW) | ‘
| | ]
| | |
| OEC 2 — ]
| | '
. | :
[ e e - |
| |
[ OEC 8 — |
| 1 .
| (EXISTING) ]
I
: COOLING TOWER |
} 00O |
A |

COOLING TOWER

MAKE UP WATER

COOLING TOWER

OO O0O0OO0

EXISTING (OEC1)

|

I

|

|

I

|

|

| (EXISTING, TO BE
{ DECOMMISSIONED)
|

|

|

|

COOLING TOWER

OO 00O0O0

EXISTING (OEC 2)




PROJECT LOCATION MAP

@) |
|
a
Q
o)
=
©
o)
[m]

SECOND IMPERIAL GEOTHERMAL CO.
CUP #19-0017
APN #054-250-031




ORMAT Heber 2 Geothermal Repower Project

APPENDIX A

Site Photographs
(Collected on June 1, 2019 and June 13, 2019)
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Catalyst

ENVIRONMENTAL

Biological Resources Clearance Memorandum

Date: June 3, 2019
From: Catalyst Environmental Solutions
RE: Biological Resources Clearance Survey for the Heber 2 Geothermal

Repower Project

INTRODUCTION

The Second Imperial Geothermal Company (SIGC), a wholly owned subsidiary of ORMAT Nevada, Inc
(ORMAT), owns and operates the Heber 2 Geothermal Energy Complex, which was originally
constructed in 1992 and expanded in 2006. SIGC proposes to amend the existing Conditional Use Permit
(CUP; No. 06-0006) to install two water-cooled ORMAT Energy Converters (OECs) to replace six old units
from 1992; three 10,000 gallon isopentane above ground storage tanks; and, additional pipeline to
connect the proposed facilities with the existing Heber 2 Complex (hereinafter, “Project”). All proposed
facilities would be developed within the existing Heber 2 Complex and fence line. The proposed action
also includes the extension of the permitted life of the entire Heber 2 facility (including the Goulds 2 and
Heber South geothermal energy facilities) to 30 years {2019-2049). The objective of the Project is to
improve the efficiency of geothermal energy generation and refurbish the Heber 2 Complex to the
original net generation of 33 megawatts (MW) gross. The total project footprint from developing the
proposed facilities is approximately 4 acres, with all disturbances occurring within the existing power
plant fence line.

Th purpose of this technical memorandum is to verify the absence of any sensitive biological resources
occurring on/near the proposed development site at the Heber 2 Complex in Imperial County and to
demonstrate the proposed project’s compliance with applicable federal and state regulations.

Project Location

The Heber 2 Complex is located on private lands owned by ORMAT in southern Imperial County (Figure
1). The proposed development would occur entirely on Assessor’s Parcel Number (APN) 054-250-031,
which is a 39.99-acre property. The address for Heber 2 is 855 Dogwood Road, Heber, CA 92249.

Project Description

Existing Facilities

The existing Heber 2 Geothermal Energy Power Plant (Heber 2) was permitted for development under
CUP No. 06-0006 in 1996 and consists of the following facilities:

e The Heber 2 Complex currently generates less than the 33 MW net generation capacity, the
proposed improvements will restore the facility’s generation capacity to 33 MW of renewable
energy.



® The Heber 2 Complex currently includes two injection wells, two six-cell cooling towers, an
electrical substation, emergency fire water pump, evacuation skid system-vapor recovery
maintenance unit, control room, office space, maintenance facilities, two 10,000 gallons
isopentane storage tanks, piping, and ancillary equipment/facilities.

e The parcel where the Heber 2 Complex site is located is approximately 40 acres and is enclosed
by security fencing.

e Operations personnel are present at the Heber 2 Complex during routine working hours (8am-
5pm), and the facility is monitored 24 hours per day from the control room at the Heber 1
geothermal power plant, approximately 1 mile to the east.

Proposed Facilities

SIGC proposes to install two new water-cooled ORMAT Energy Converters (OECs); three 10,000 gallon
above ground storage tanks; and, additional pipeline to connect the proposed facilities with the existing
Heber 2 Complex (hereinafter, “Project”). This application also proposes to extend the permitted life of
the entire Heber 2 Complex (including the related Goulds 2 and Heber South geothermal energy
facilities) to 30 years (2019-2049). The objective of the Project is to improve the efficiency of geothermal
energy generation and refurbish the Heber 2 Complex to the original nameplate generation of 33
megawatts (MW). The total project disturbance from developing the new OECs is approximately 4 acres,
all within the existing power plant footprint and fencing. Figure 2 provides a site plan of the proposed
and existing facilities.

The existing OEC units would be shut down, disassembled, and removed from the Heber 2 site likely
immediately after the completion of the development of the proposed facilities, and no later than 5
years after issuance of the CUP.

The development site is completely devoid of any vegetation and is actively disturbed as part of ongoing
energy generation operations at Heber 2. Appendix A provides photographs of the development site.
Considering its current condition, site preparation for the installation of the proposed facilities would be
limited to minor excavation and soil/gravel compaction.

ORMAT Energy Converter-1 (OEC-1)

The proposed OEC-1 unit is a two-turbine combined cycle binary unit, operating on a subcritical Rankine
cycle, with isopentane as the motive fluid for the system. This system also consists of a generator,
turbines, vaporizer, water cooled condensers, preheaters and recuperators, with the OEC served by the
existing evacuation skid/vapor recovery maintenance unit (VRMU) for purging and maintenance events.
The design capacity for the unit is 25.43 MW Gross.

ORMAT Energy Converter-2 (OEC-2)

The proposed OEC-2 unit is a two-cycle binary unit, operating on a subcritical Rankine cycle, with
isopentane as the motive fluid for the system. This system also consists of a generator, turbines,
vaporizers, water cooled condensers and preheaters, with the OEC served by the existing portable
evacuation skid/vapor recovery maintenance unit (VRMU) for purging and maintenance events. The
design capacity for the unit is 14.01 MW Gross.

Three Additional Isopentane Above Ground Storage Tanks

To support the new OEC units, three new ABSTSs for additional isopentane supply would be installed.
There are two existing ABSTs, and the new ABSTs would be sited adjacent to the existing tanks. Each
ABST has a capacity of 10,000 gallons.



Construction Schedule

The proposed developments are anticipated to take up to eight months to install, test, and become fully
integrated with the existing system. Construction will initiate immediately after all permits are secured.

REGULATORY FRAMEWORK

Federal

Endangered Species Act (ESA) of 1973 (16 U.S.C. 1531-1544) protects federal listed threatened and
endangered species from unlawful take (harass, harm, pursue, hunt, shoot, kill ,wound, collect, capture,
trap or attempt to do so) or significantly modify habitat. If a proposed project would jeopardize a
threatened or endangered species, then a Section 7 consultation with a federal agency could

be required.

Migratory Bird Treaty Act (50 Code Federal Regulations (CFR) 10.13) is a federal statute with several
foreign countries to protect species that migrate between countries. Over 1000 species are listed and
may not be disrupted during nesting activities. It is illegal to collect any part (nest, feather, eggs, etc.) of
a listed species, disturb species while nesting or offer for trade or barter any listed species or parts
thereof.

Bald and Golden Eagle Protection Act (16 U.S.C. 668-668c) protects bald and golden eagles from take
(harass, harm, pursue, hunt, shoot, kill, wound, collect, capture, trap or attempt to do so) or
interference with breeding, feeding or sheltering activities.

Clean Water Act, 1972 (CWA 33 U.S.C. 1251 et seq.) regulates discharges into waters of the U.S. EPA is
given the responsibility to implement programs to prevent pollution.

State of California

California Environmental Quality Act (CEQA) Title 14 CA Code of Regulations 15380 requires that
endangered, rare or threatened species or subspecies of animals or plants be identified within the
influence of the project. If any such species are found, appropriate measures should be identified to
avoid, minimize or mitigate to the extent possible the effects of the project.

Native Plant Protection Act CDFG Code Section 1900-1913 prohibits the taking, possessing, or sale
within the stare of any plant listed by CDFG as rare, threatened or endangered. Landowners may be
allowed to take these species if CDFW is notified at least 10 days prior to plant removal or if these plants
are found within public right of ways.

California Fish and Game Codes 3503, 3503.5. 3513 protect migratory birds, bird nests, and eggs
including raptors (birds of prey) and raptor nests from take unless authorized by CDFW.

California Fish and Game Code Section 1600 (as amended) regulates activities that substantially diverts
or obstructs the natural flow of any river, stream or lake or uses materials from a streambed. This can
include riparian habitat associated with watercourses.

State of CA Fully Protected Species identifies and provides additional protection to species that are rare
or face possible extinction. These species may not be taken or possessed at any time except for scientific
research or relocation for protection of livestock.

Porter-Cologne Water Quality Control Act (as amended) is administered by the State Water Resource
Control Board (SWRCB) to protect water quality and is an avenue to implement California



responsibilities under the federal Clean Water Act. This act regulates discharge of waste into a water
resource.

EXISTING CONDITIONS

Topography and Soils

The entire Heber 2 project site contains Holtville silty clay, wet (63.2%) and Imperial-Glenbar silty clay
loams, wet, 0-2 percent slopes (36.8%) (NRCS 2019). The proposed 4 acres of disturbance contains

Imperial-Glenbar silty clay loams, wet, 0-2 percent slopes. The project site is relatively flat and located at
approximately -5 below sea level.

Vegetation

No vegetation is present on the project site. The site is classified as “Agricultural and Developed
Vegetation” and “Developed and Other Human Use” (USGS 2011). The project site is surrounded on all
sides by farmland (Agricultural and Developed Vegetation).

Jurisdictional Waters

No wetlands or jurisdictional waters are located on the project site. Man-made channels are located
along the southern (Central Main Canal - classified as R2UBHx), northern and eastern (both classified as
R4SBCx) property line of the project site (USFWS 2019c).

Wildlife

The project site is developed with an active geothermal plant. Due to lack of vegetation and water, no
amphibians, fish, or reptiles are expected to occur onsite. Due to the developed and active nature of the
site, no mammals or birds are expected to inhabit the site. Mammals including coyote (Canis latrans)
and pocket gopher {Thomomys spp.) have been observed in the vicinity of the project but are not likely
to occur onsite due to security fencing. Common bird species including red tailed hawk (Buteo
jamaicensis), crow (Corvus spp.) pigeon (Columbia livia) have been observed in the vicinity of the project
and could be transient visitors to the site.

SENSITIVE AND SPECIAL STATUS SPECIES

The potential for sensitive species to occur in the vicinity of the project site was evaluated using
information from the U.S. Fish and Wildlife (USFWS) Information, Planning, and Consultation System
(IPaC System); California Natural Diversity Database (CNDDB); and California Native Plant Society (CNPS)
Rare Plant Program.

Special Status Plants

No federally listed threatened or endangered plant species have the potential to occur on or near the
project site (USFWS 2019a).

Five plant species listed by the CNPS have the potential to occur in the Heber quandrangle in which
Heber 2 Complex is located (CNPS 2019):

e Watson's amaranth (Amaranthus watsonii)
e Abrams' spurge (Euphorbia abramsiana)
e (California satintail (Imperata brevifolia)

e ribbed cryptantha (Johnstonella costata)



e winged cryptantha (Johnstonella holoptera)

Special Status Wildlife Species

No federally listed threatened or endangered wildlife species have the potential to occur on the project
site and no critical habitat exists on or near the project site (USFWS 20193, b). The following six
migratory bird species are listed by IPaC as having the potential to occur on or near the project site:

e Burrowing owl (Athene cunicularia)
e Costa's hummingbird (Calypte costae)
e Gila woodpecker (Melanerpes uropygialis)
e Long-billed curlew (Numenius americanus)
e Rufous hummingbird (Selasphorus rufus)
e  Whimbrel (Numenius phaeopus)
No California special status species are known to occur on the project site (CDFW 2019).

BIOLOGICAL RESOURCES CLEARANCE SURVEY

Methodology

On Saturday, June 1, 2019, biologist Amy Plesetz conducted a biological compliance clearance survey of
the ORMAT Heber Site 2 via pedestrian survey.

Findings

The area to be disturbed for the Heber 2 project is completely void of any vegetation. There is no
suitable habitat for special-status plant species. There are no tall trees that would encourage raptor
nesting, no suitable habitat for burrowing owl, and no food source for hummingbirds. No wildlife or
traces of wildlife, including nesting birds, were observed.

The area immediately to the west of the proposed disturbed area is developed with solar panels with
scarce disturbed-like vegetation that does not provide suitable habitat for any special-status or common
species. Areas north and south of the proposed disturbed area contain geothermal plant facilities. Active
farmland surrounds the entire project site.

There may be suitable habitat for burrowing owl in the project vicinity, but this habitat is off-site and
more than 500 feet away.

POTENTIAL PROJECTS IMPACTS

No impacts to biological resources from the proposed project are expected due to the developed nature
of the site, small project footprint, lack of vegetation and suitable habitat for wildlife, and lack of wildlife
traces observed during the biological site visit (June 1, 2019).

No canals or drain structures will be removed or impacted; therefore, there will be no impacts to
jurisdictional waters.



RECOMMENDED AVOIDANCE, MINIMIZATION, AND MITIGATION MEASURES

e Speed limits of 10 mph would be observed on the project site in order to minimize dust and
avoid collision and incidental mortality of transient wildlife.

e The site is void of vegetation; however, vegetation control, including invasive species
eradication, will be controlled to prevent growth under/near the proposed facilities.
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ORMAT Heber 2 Geothermal Repower Project

APPENDIX A

Site Photographs
(Collected on June 1, 2019 and June 13, 2019)
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Professional Certification

Water Quality Management Plan

Heber 2 Geothermal Repower Project

This report has been prepared by Catalyst Environmental Solutions Corporation under the professional
supervision of the Principal(s) and/or staff whose signature(s) appear hereon.

The scope of work and specifications are presented in accordance with generally accepted professional
engineering practice and those of the California State Water Resources Control Board Order No. 20013-
001-DWQ. There is no other warranty either expressed or implied.
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Project Owner’s Certification

This Water Quality Management Plan (WQMP) has been prepared for Second Imperial Geothermal
Company (ORMAT Nevada inc.) by Catalyst Environmental solutions. The WQMP is intended to comply
with the requirements of the County of Imperial and the Phase Il Small MS4 General Permit Imperial
Valley Watershed. The undersigned, while it owns the subject property, is responsible for the
implementation of the provisions of the site consistent with the Phase li Small MS4 Permit and the
intent of the County of Imperial and the unincorporated community of Heber. Once the undersigned
transfers its interest in the property, its successors in interest and the city/county/town shall be notified
of the transfer. The new owner will be informed of its responsibility under this WQMP. A copy of the
approved WQMP shall be available on the subject site in perpetuity.

“| certify under a penalty of law that the provisions (implementation, operation, maintenance, and
funding) of the WQMP have been accepted and that the plan will be transferred to future successors.”

Project Data

Permit/Application [CUP No. 06-0006 Grading Permit | N/A
Number(s): Number(s)
Tract/Parcel Map APN 054-250-031 Building Permit [ N/A
Number(s): Number(s)
CUP, SUP, and/or APN: 06-0006
Owner’s Signature
Owner Name: Connie Stechman
ritle; VP, Finance
Company:
Ormat Nevada Inc.
Address:
s 6140 Plumas Street, Reno, NV 89519
Email:
cstechman@ormat.com
Telephone:
SRIONS 775-356-9029
Signature: g - Date:
'gnatu drm/m_g_ ,gf&ac Lvrmce s 8/12/19

July 2019
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secrion1  Project Description

The Second Imperial Geothermal Company, a wholly owned subsidiary of ORMAT Nevada Inc (ORMAT),
owns and operates the Heber 2 Geothermal Energy Complex. The proposed Heber 2 Geothermal
Repower Project (Project) is located at 855 Dogwood Road, Heber, California within unincorporated
Imperial County. The Project includes the installation of two water-cooled ORMAT Energy Converters
(OECs) to replace six old units from 1992; three 10,000 gallon isopentane above ground storage tanks;
and, additional pipeline to connect the proposed facilities with the existing Heber 2 Complex (Site). The
total project disturbance from developing the new OECs is approximately 4 acres, all within the existing
power plant complex and fence line. A vicinity map of the Project Site is included in Figure 1.

The Project includes the replacement of six air-cooled OECs with two water-cooled OECs. The pre-
Project pervious area is roughly 4 acres. The Project will result in less than 200 square feet of area
converted in impervious surface area resulting from installation of equipment footings/foundations. In
addition, no grading is proposed for the Project. Accordingly, the Project will not result in a change to
the existing grade and stormwater flows and drainage will not be altered from existing conditions.
Figure 2 illustrates the existing drainage facilities in the vicinity of the Project. Figure 3 provides a site
plan of the proposed facilities.

1.1 SITE LOCATION

The Site includes approximately 4 acres within the Heber quadrangle of the U.S. Geological Survey
(USGS) 7.5” topographic map, and sits within Township 16 South, Range 14 East of the San Bernardino
Base and Meridian in Imperial County, California.

1.2 LAND USE AND TOPOGRAPHY

The Project is located on private lands owned by ORMAT in southern Imperial County as shown in Figure
1. The Project site includes approximately 4 acres entirely within the Assessor’s Parcel Number (APN)
054-250-031, which is a 39.99-acre property. APN 054-250-031 is zoned as A-2-G SPA, for General
Agriculture (A-2), Geothermal Overlay Zone (G), and in the Heber Specific Plan Area (SPA). The Project
Site lies at an elevation approximately 15 feet below mean sea level (msl) in the Imperial Valley region of
the California low desert. The surrounding properties lie on terrain which is flat, part of a large
agricultural valley.is The Site is currently vacant and unimproved. The Site is also devoid of vegetation
and is actively disturbed as part of ongoing energy generation operations at Heber 2. Adjacent
properties outside of the fenced operations yard consists of agricultural land to the north and a solar
farm to the west.

1.3 SITE GEOLOGY, HYDROGEOLOGY, AND SOILS

The part of Imperial County containing Heber lies within the Pliocene to Holocene, Q Geologic Unit
(McCrink et al. 2011). Three natural geomorphic provinces underlay Imperial County, including the
Peninsular Ranges, the Colorado Desert, and the Mojave Desert. The Colorado Desert geomorphic
province spans central Imperial County and contains the Salton Sea and the Imperial valley. This Basin
and Range province, sometimes referred to as the Salton Trough, is composed of a low-lying barren
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desert basin located between alluvium-covered, active branches of the San Andreas Fault containing
Cenozoic sedimentary rocks and alluvial, lacustrine, and eolian deposits. The surface of sediments in the
middle of the trough are about 275 feet below sea-level (bsl) (Digital Desert, 2019).

Surface water in the area of the Site consists of canals and agricultural drains operated and maintained
by the Imperial Irrigation District. Canals adjacent to the Project Site include Date Drain No. 3, Date
Drain No. 3a, Date Drain No. 3b, and Date Drain No. 3c as illustrated in Figure 2. These canals ultimately
drain to the Alamo River, a tributary to the Salton Sea. Surface runoff within the Project Site occurs
primarily as sheetflow across the lot generally to the north, eventually flowing into the adjoining ditches.

The regional groundwater flow direction within the Imperial Valley is toward the Salton Sea, a closed
basin with a surface elevation of approximately 225 feet below sea level. Groundwater flow in the
Project area flows in a general northwest direction.

Dry lean silty clays dominate the project site surface extending to approximately 4 to 5 feet below
ground surface (bgs). These silty clays are underlain by moist stiff clays from approximately 6 ft to 38-40
ft bgs. Silty clay to clayey silt dominate 40-50 ft bgs to the extent of geotechnical exploration (Landmark
2019).

1.4 HYDROMODIFICAITON APPLICABILITY

As discussed above, the Project would result in less than 50 square feet of impervious area from pre-
Project conditions. In addition, no grading is proposed for the Project or changes to the permeability of
the Site. As such, the post-development runoff volume, time of concentration, and peak flow velocity
would not be altered from that of the pre-development condition.

1.5 POTENTIAL STORMWATER POLLUTANTS

Table 1 summarizes expected stormwater pollutants of concern based on land use and site activities.

Table 1. Pollutants of Concern

Potential to
Pollutant [act Additional Information and Comments
Stormwater
(Y/N)
Pathogens (Bacterial/Virus) N -
Nutrients — Phosphorous N -
Nutrients - Nitrogen N -
Noxious Aquatic Plants N --
. Overland flows over unpaved surface may result in
Sediment Y . .
sediment in stormwater runoff
Metals v Leaks/spills in Project area may result in metals in
stormwater runoff
L ills i j r ay result in oil and grease in
Oil and Grease v eaks/spills in Project area may result in dg
stormwater runoff
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Trash/Debris y Improperly disposed of trash/debris may result in trash in
stormwater runoff
Pesticides/Herbicides N --
Other N =
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secion2  Best Management Practices

This section describes the Best Management Practices (BMPs) that will be implemented and maintained
throughout the life of the project. The BMPs will be used to prevent and minimize water pollution that
can be caused by stormwater runoff. Table 2 details the BMPs selected to be implemented at the Site
based on the potential pollutants. Note that the Site is within the existing operational footprint and is
subject to the existing policies and programs implemented by ORMAT for the facility. Because the
Project does not propose any changes to the existing stormwater volume, peak flow velocity, time of
concentration or drainage patterns, no structural BMPs are proposed.

Table 2. Non-Structural Source Control BMPs

Pollutant Source Pollutant

Existing?
New/Revised?

¢ Stabilize drainage with rocks, gravel, vegetation,

Erosion, sediment, or riprap
Stormwater run- - f i . :

contaminated ® Provide perimeter control to isolate sediment X
on and runoff . .

stormwater (loose dirt). Includes earthen berms, fiber rolls,

silt fence, etc.
- _ - : [ devi
Vehicle Track Sediment, Dust e Provide tracking contr.o devise X
Out ® Conduct street sweeping
e Regularly monitor and clean trash
Work Areas Trash ¢ Provide employee training for good X
housekeeping

Equipment Areas e Control drainage patterns with berms

Isopentane,
(OECs, ITLUs, sediment e Use water truck for dust control X X
pipes) o Conduct routine inspections
Stored materials | Oil, grease, ® Provide good housekeeping training
and equipment hydraulic fluid, anti- | e Store materials in secondary containment X
maintenance freeze, metals e Spill kit and response training

In addition to the activities listed above, ORMAT follows all approved operational guidelines that are
currently in place. Temporary and permanent soil erosion control BMPs will be implemented in
conformance with the BMP Fact Sheets provided in the CASQA Stormwater Best Management Practice
Handbook — Industrial and Commercial (2014).

2.1 NON-STRUCTURAL BMPS

The following are prevention practices utilized to minimize the probability of pollution of stormwater
discharge.
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2.1.1 Good Housekeeping

As a component of this program, good housekeeping practices are performed so that facility is kept in a
clean and orderly condition. Proper housekeeping practices include:

° Periodic cleanup of equipment, as needed, based upon facility inspections,

° Sweeping impervious surfaces, as needed, based upon facility inspections,

° Proper waste disposal practices and covering of waste storage areas at all times,

° Proper storage and covering of materials at all times,

° Removal of any oil-stained soil/gravel, especially around equipment locations and loading
areas,

o Cleaning of significant oil and grease stains on surfaces that drain to the stormwater
drainage areas, and

° Cleaning the exterior of oil containers on hydraulic machinery upon discovery of an

accumulation of hydraulic fluid.

2.1.2 Preventative Maintenance

As a component of this program, operations and maintenance staff perform preventative maintenance
of stormwater management devices to assure their proper operation. Preventative maintenance of
stormwater management devices includes the following:

° Cleaning of accumulated sediment, potential contaminants, and debris from the Site;

° Inspection of secondary containment structures as part of the regular daily visual
inspections;

° Maintenance and inspection of secondary containment structures, as needed, based upon
inspections;

° Daily inspection and maintenance of equipment and associated piping and valves as
required by preventive maintenance procedures;

° Inspection and maintenance of rainfall protection coverings for waste storage bins and
receptacles on a periodic basis; and

° A comprehensive preventive maintenance schedule is performed on all facility operations

equipment as part of routine procedures.

2.1.3 Spill Response

Spill prevention and response is performed according to the facility's SPCC Plan . Copies of this plan are
located in the on-site ORMAT office.

A limited amount of spill cleanup equipment is stored onsite. This equipment is found within hazardous
material storage areas. Detailed information concerning spill cleanup equipment and resources is
included in the SPCC Plan.

The volume of containment areas surrounding each potential source is designed to hold the contents of
a spill from the largest vessel / container. The SPCC Plan summarizes the capacity of potential sources
and volume of the respective secondary containment areas.
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2.1.4 Material Handling and Storage

The primary hazardous material to be stored on-site is isopentane. The additional isopentane will be
stored in the appropriately designed (3x) 10,000 gallon above ground storage tanks, as well as the
existing (2x) 10,000 gallon tanks. The isopentane is used as a motive fluid for geothermal energy
generation and is not directly discharged, rather is released as an air emission. Therefore, the
isopentane would not be directly exposed to stormwater. All other hazardous waste would be stored in
55-gallon drums and other Department of Transportation (DOT) approved packaging within a contained
area located on the Site. Stormwater that accumulates within the hazardous material and hazardous
waste containment area is collected via vacuum truck and disposed of off-site or recycled back into the
production system. A bill of lading, non-hazardous waste manifest or uniform hazardous waste manifest
is used to document all such shipments.

2.1.5 Employee Training

A combined annual Storm Water Compliance / SPCC Plan training program is conducted for the Pollution
Prevention Team members and operations personnel. Participants undergo stormwater management
training for all areas and operations at this facility, as well as reviewing the spill response, control and
countermeasure procedures. Other stormwater training is done on an as-needed basis.

2.1.6 Waste Handling/Recycling

At times, product or oily waste streams are transferred from the facility in 55-gallon drums. A bill of
lading, non-hazardous waste manifest or uniform hazardous waste manifest is used to document all
such shipments. Operations or contractor personnel closely monitor loading of transport vehicles.
Collection and satellite accumulation containers for hazardous and non-hazardous waste are kept
covered to prevent contact with stormwater. Appropriate spill control equipment and supplies are kept
readily available in case of a spill.

2.1.7 Record Keeping and Internal Reporting

All inspection, sampling, maintenance, corrective action records, and any other information that is a
part of this plan are maintained at the facility office. All records are maintained for a period of at least
three (3) years.

2.1.8 Erosion Control and Site Stabilization

Permanent BMPs used at the facility to prevent soil erosion include routing runoff along earthen swales
or drainage areas, and preventing run-off with berms along certain sections of the property line.
Temporary BMPs used at the Site to prevent soil erosion include the use of sandbags, crushed rock, and
silt fence. These BMPs are used as and where needed, especially in areas that are undeveloped or in the
process of being developed.
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scron3  Operation and Maintenance Plan

The Heber 2 Geothermal Repower Project is located at 855 Dogwood Road, Heber, California. The
following non-structural water quality best management practices (BMPs) are proposed for the Project:

e Good Housekeeping

e Preventative Maintenance

e Spill Response

e Material Handling and Storage

e Employee Training

e Waste Handling/Recycling

¢ Record Keeping and Internal Reporting
e Erosion Control and Site Stabilization

3.1 MAINTENANCE RESPONSIBILITY

The Second Imperial Geothermal Company, a wholly owned subsidiary of ORMAT Nevada Inc (ORMAT)
is the property owner and is responsible for BMP maintenance. Since ORMAT is the owner, no access
agreement or easement is necessary to maintain the BMPs. ORMAT funds will be used to support
Operation and Maintenance (O&M) activities to maintain BMP functionality. ORMAT maintenance staff
are expected to perform the maintenance.

3.2 MAINTENANCE ACTIONS AND FREQUENCY

Maintenance actions are generally grouped into two categories: routine and intermittent.

Routine Maintenance

Routine inspections of the Project facilities and grounds will be performed annually. During these
inspections staff evaluate if there is significant accumulation of trash, debris, or sediment that would
need to be removed. Cleaning is done as needed based on the results of the inspections. The inspection
frequency may be adjusted based on experience at the site (e.g., if inspections rarely find any material
that needs to be cleaned out, then the inspection frequency can be reduced).

Intermittent Maintenance

Intermittent maintenance activities include more substantial maintenance that is not required as
frequently as routine maintenance. The most likely form of intermediate maintenance is removal of
sediment from existing drainage infrastructure and detention basins where necessary to maintain the
capacity of the basins. Given that the Project Site is pervious and will not be graded or significantly
altered and that rain is infrequent in Heber, this type of maintenance is expected to be required
approximately once every year.
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3.3 MAINTENANCE PROCEDURES

During each maintenance visit, the maintenance crew will evaluate existing drainage paths and

infrastructure by inspecting for the maintenance indicators in Table 3. When a maintenance indicator is
observed, the action described in the “Maintenance Actions” column will be taken.

Note that regardless of the projected maintenance type (routine or intermittent) described in the
previous section, when a maintenance indicator is observed, the required maintenance action will be
taken. For example, if significant sediment accumulation is observed in year three instead, then the
accumulated sediment will still be cleaned out, even though the estimated frequency was once every

year.

Table 3-1. Maintenance Indicators and Actions for BMPs

Typical Maintenance Indicator

Maintenance Action

Erosion due to concentrated
stormwater runoff flow

Repair eroded areas and make appropriate corrective measures such
as adding berm or stone at flow entry points, or re-grading as
necessary.

Accumulated sediment, litter, or
debris

Remove and properly dispose of accumulated materials, without
damage to stormwater drainage structures.

Standing water

Remove any obstructions or debris or invasive vegetation, loosing or
replace top-soil to allow for better infiltration, or minor re-grading for
proper drainage.

Obstructed inlet or outlet structures

Clear obstructions.

Damage to structural components
such as inlet or outlet structures

Repair or replace as applicable.
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Catalyst

ENVIRONMENTALSOLUTIONS

Geotechnical Site Summary Memorandum

Date: July 2019

From: Catalyst Environmental Solutions - Dan Tormey, P.G., Ph.D; Ben Pogue,
M.P.A., P.M.P,, A.l.C.P.

RE: Heber 2 Geothermal Repower Project — Geotechnical Site Assessment

This technical memorandum provides a summary of the geotechnical conditions for the Heber 2
project site, located at the Second Imperial Geothermal Company’s (a wholly owned subsidiary
of ORMAT Nevada, Inc.) existing Heber 2 Geothermal Energy Complex at 855 Dogwood Road,
Heber, California, in Imperial County. Site-specific information was gathered from available
online resources and extrapolated from the Geotechnical Report Update prepared by Landmark
Consultants (Landmark, 2019). Landmark’s report provides an update to previous geotechnical
reports conducted at the site (Landmark 2005, 2007) and reflects the adoption of the 2016
California Building Code (CBC) and Imperial County’s geotechnical engineering standard of
practice.

Desktop reconnaissance was conducted to gather information on the geological-geotechnical
site conditions, soil conditions, seismic conditions, liquefaction potential, site stability, and
stormwater infiltration potential. Collectively, this memorandum provides a comprehensive
review of the project site’s geotechnical conditions to support the development of a California
Environmental Quality Act (CEQA) Initial Study/Negative Declaration (IS/ND), as opposed to an
as-graded, or as-built geotechnical report.

1.0 Geological/Geotechnical Site Conditions

The part of Imperial County containing Heber lies within the Pliocene to Holocene, Q Geologic
Unit (McCrink et al. 2011). Three natural geomorphic provinces underlay Imperial County,
including the Peninsular Ranges, the Colorado Desert, and the Mojave Desert. The Colorado
Desert geomorphic province spans central Imperial County and contains the Salton Sea and the
Imperial valley. This Basin and Range province, sometimes referred to as the Salton Trough, is
composed of a low-lying barren desert basin located between alluvium-covered, active
branches of the San Andreas Fault containing Cenozoic sedimentary rocks and alluvial,
lacustrine, and eolian deposits. The surface of sediments in the middle of the trough are about
275 feet below sea-level (bsl) (Digital Desert, 2019).

2.0 Soil Conditions

There are approximately 28 soil types found in the region of the project area (Aco, Antho,
Carrizo, Carsitas, Chuckwalla, Cibola, Coachella, Fluvaquents, Gadsden, Gilman, Glenbar,
Holtville, Imperial, Indio, Kofa, Lagunita, Laposa, Laveen, Mecca, Meloland, Niland, Orita, Ripley,
Rositas, Salorthids, Superstition, Torriorthents, and Vint). Glenbar, Holtville, and Imperial parent



spoils are formed from fine-textured, stratified alluvial basin deposits (ICPDS 2015). The clay
material deposited during the formation of the Colorado River delta terrace is the original
source of Holtville and Imperial parent soils. Many of the other soils were formed from fan
sediment originating from large gullies created by runoff into the Salton Sea. Imperial County
soils are characterized by hyperthermic soil temperature and aridic soil moisture regimes
(Digital Desert, 2019).

Dry lean silty clays dominate the project site surface extending to approximately 4 to 5 feet
below ground surface (bgs). These silty clays are underlain by moist stiff clays from
approximately 6 ft to 38-40 ft bgs. Silty clay to clayey silt dominate 40-50 ft bgs to the extent of
geotechnical exploration (Landmark 2019).

3.0 Seismic Conditions/Liquefaction Potential

There are several active faults in the Imperial Valley, including the Brawley Fault Zone, San
Jacinto Fault Zone (contains the Coyote Creek Fault, the ElImore Ranch Fault, and the Wienert
Fault), the Eisinore Fault (contains the Laguna Salada Fault), the Imperial Fault, the San Andreas
Fault Zone, and the Superstitions Hills Fault (ICPDS 2015). There are several mapped faults of
the San Andreas Fault System across the valley, which is comprised of the San Andreas, San
Jacinto, and Elsinore Fault Zones. Landmark (2019) employed a computer-aided search
approach to assess known faults and seismic zones within 36 miles of the project site. The
Imperial Fault located 9.4 miles southwest of the project site was the closest mapped
Earthquake Fault Zone.

Earthquake hazard zones are characterized by areas susceptible to fault ruptures (ground
surface breaks/cracks along a fault), liquefaction, and landslides. Ground shaking can occur
during an earthquake, and its intensity is related to the proximity of the area to the fault, the
focal depth, soil types, the location of the epicenter, and the size (magnitude) of the
earthquake. Soils formed from alluvial deposits are more prone to ground shaking than dense
materials such as bedrock. Moderate to strong ground motion could be expected in the project
area; however, ground motions could vary considerably due to potential attenuation by rock
and soil deposits, as well as the type of fault and direction of rupture (Landmark 2019). Soils in
the project area were classified as Site Class D, which is characterized by a stiff soil profile.
Further, Landmark determined a Seismic Design Category of D based on a Risk Category lIl.

Liquefaction occurs when loosely packed, saturated soil or sediment at or near the ground
surface loses its strength, which can lead to excessive settlement, ground rupture, lateral
spreading, or failure of shallow bearing foundations (Imperial County 2015). Landslide and
liquefaction zones have not been mapped in this area (ICPDS 2015); however, the Colorado
River Delta region of southern Imperial County (including Heber) is a seismically active area.
Landmark (2019) evaluated liquefaction potential at the project site using the 1997 NCEER
Liquefaction Workshop methods. Due to the cohesive nature of the subsurface soils,
liquefaction is not anticipated at the project site, and mitigation is not recommended.

Several significant earthquakes have occurred in the vicinity with corresponding surface fault
ruptures and liquefaction events (McCrink et al. 2011). Four earthquakes greater than

2



magnitude 5 were recorded near Heber, between 1915 and 1979. The El Mayor-Cucapah
earthquake (magnitude 7.2) that occurred throughout southern Imperial valley in 2010 caused
widespread liquefaction near the towns of Calexico (immediately south of Heber) and El Centro
(immediately north of Heber).

4.0 Stormwater Infiltration Potential

Encouraging stormwater infiltration by means of a stormwater management plan (SWMP) can
improve water conservation by reducing evaporation and increasing groundwater recharge, as
well avoiding erasion and potential damage to concrete foundations and slabs. Beneficial water
quality of streams and rivers can also be maintained by preventing discharge of stormwater
containing sediments and other materials. The City of El Centro and City of Imperial SMP
provide best management practices (BMPs) for stormwater management by commercial
businesses and industrial operations (City of El Centro and Imperial County 2013).

Heber also has a Master Drainage Plan (established in 2006), although the town’s management
of stormwater defers to the Imperial County Planning and Development guidelines and the
county Public Works Department. The Imperial Irrigation District board adopted the Imperial
Integrated Regional Water Management Plan (IRWMP) in 2012 (GEI 2012). The plan was
developed to support the efforts to meet the County’s future water resource demands while
conforming to California Department of Water Resources guidelines.

Groundwater is encountered approximately 8 to 10 feet bgs at the project site (Landmark
2019). Onsite infiltration potential (capacity of the most limiting layer to transmit water [Ksat])
ranges from very low to moderately low (0.00 to 0.06 inches per hour) (Holtville silty clay, wet;
approximately 71% of the project site) to moderately high (0.20 to 0.57 inches per hour)
(Imperial-Glenbar silty clay loams, wet; approximately 29% of the project site). These soil types
are also considered to be moderately well drained (NRCS 2019). Evaporation potential is
considered poor at the project site.

5.0 Site Stability

The project site is located within the seismically active Imperial Valley and has the potential for
ground disturbance based on soil and subsurface characteristics. Recommendations for the
expansion project, including engineered design and earthquake-resistant construction
complying with the latest edition of the CBC for Site Class D are provided in Landmark’s
updated geotechnical report (2019).
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Dear Mr. Huberman:

Landmark Consultants, Inc. is providing this geotechnical report for the project at the Heber 2
Repower geothermal power plant. This report updates Landmark’s 2004 and 2007 Geotechnical
Reports for the power plant located at 855 Dogwood Road southwest of Heber, California. The
update addresses changes made due to the adoption of the 2016 California Building Code (CBC)
and geotechnical engineering standard of practice in Imperial County. The original reports (LCI
Report No. LE04354, dated January 10, 2005 and LCI Report No. LE07178, dated May 9, 2007)
are provided in Appendix D and Appendix E, respectively.

This update report presents selected elements of our findings and professional opinions only. It
does not present all details that may be needed for the proper application of our findings and
professional opinions. Our findings, professional opinions, and application options are best related
through reading the full Geotechnical Report Update, and with the active participation of the
engineer of record who developed them during design and construction of the project.

Seismic Parameters

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern
California with numerous mapped faults of the San Andreas Fault System traversing the region.
The San Andreas Fault System is comprised of the San Andreas, San Jacinto, and Elsinore Fault
Zones in southern California. The Imperial fault represents a transition from the more continuous
San Andreas fault to a more nearly echelon pattern characteristic of the faults under the Gulf of
California (USGS 1990). We have performed a computer-aided search of known faults or seismic
zones that lie within a 36 mile (57 kilometer) radius of the project site as provided in Table 1.
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A fault map illustrating known active faults relative to the site is presented on Figure 1, Regional
Fault Map. A legend for the regional fault map is presented on Figure 2. The criterion for fault
classification adopted by the California Geological Survey defines Earthquake Fault Zones along
active or potentially active faults. An active fault is one that has ruptured during Holocene time
(roughly within the last 11,000 years). A fault that has ruptured during the last 1.8 million years
(Quaternary time), but has not been proven by direct evidence to have not moved within Holocene
time is considered to be potentially active. A fault that has not moved during both Pleistocene and
Holocene time (that is no movement within the last 1.8 million years) is considered to be inactive.
Review of the current Alquist-Priolo Earthquake Fault Zone maps (CGS, 2000a) indicates that the
nearest mapped Earthquake Fault Zones are the Imperial fault located approximately 9.4 miles
southwest of the project site.

Site Acceleration: The project site is considered likely to be subjected to moderate to strong
ground motion from earthquakes in the region. Ground motions are dependent primarily on the
earthquake magnitude and distance to the seismogenic (rupture) zone. Accelerations also are
dependent upon attenuation by rock and soil deposits, direction of rupture and type of fault;
therefore, ground motions may vary considerably in the same general area.

CBC General Ground Motion Parameters: The 2016 CBC general ground motion parameters are
based on the Risk-Targeted Maximum Considered Earthquake (MCERr). The Structural Engineers
Association of California (SEAOC) and Office of Statewide Health Planning and Development
(OSHPD) Seismic Design Maps Web Application (SEAOC, 2019) was used to obtain the site
coefficients and adjusted maximum considered earthquake spectral response acceleration
parameters. The site soils have been classified as Site Class D (stiff soil profile).

Design spectral response acceleration parameters are defined as the earthquake ground motions
that are two-thirds (2/3) of the corresponding MCERr ground motions. Design earthquake ground
motion parameters are provided in Table 2. A Risk Category III was determined using Table
1604.5 and the Seismic Design Category is D since S; is less than 0.75.

The Maximum Considered Earthquake Geometric Mean (MCEG) peak ground acceleration
(PGAwm) value was determined from the “U.S. Seismic Design Maps Web Application” (SEAOC,
2019) for liquefaction and seismic settlement analysis in accordance with 2016 CBC Section
1803.5.12 and CGS Note 48 (PGAmM = Frca*PGA). A PGAwm value of 0.50g is used for
liquefaction settlement analysis.

Landmark Consultants, Inc. Page 2
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Subsurface Soil and Groundwater

Subsurface soils encountered during Landmark’s 2004 and 2007 geotechnical studies consist of
surficial dry very stiff lean silty clays to a depth of 4 to 5 feet. Stiff clays extend from about 6 feet
to a depth of 38 to 40 feet. Silty clay to clayey silt was encountered from 40 to 50 feet, the
maximum depth of exploration. The subsurface logs (Plates B-1 through B-5 in Appendix B)
depict the stratigraphic relationships of the various soil types. Groundwater was not noted in the
CPT soundings, but is typically encountered at a depth of about 8 to 10 feet below ground surface
at the plant site.

Liquefaction Potential
Liquefaction potential at the project site was evaluated using the 1997 NCEER Liquefaction
Workshop methods. The 1997 NCEER methods utilize direct SPT blow counts or CPT cone
readings from site exploration and earthquake magnitude/PGA estimates from the seismic hazard
analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress ratio (CSR)
versus a corrected blow count Nio) or Qcin. A PGAwm value of 0.50g was used in the analysis
with a 15-foot groundwater depth and a threshold factor of safety (FS) of 1.3.

The computer program CLiq (Version 2.2.0.32, Geologismiki, 2017) was utilized for liquefaction
assessment at the project site. The estimated settlements have been adjusted for transition zones
between layers and the post liquefaction volumetric strain has been weighed with depth
(Robertson, 2014 and Cetin et al., 2009). Computer printouts of the liquefaction analyses are
provided in Appendix C.

Liquefaction is not expected occur at the project site due to the cohesive nature of the subsurface
soils. No mitigation is required for liquefaction induced settlements at this project site.

Site Preparation
Structure Subgrade Preparation: The exposed surface soil within foundation areas should be
removed to 18 inches below the foundation elevation or existing grade (whichever is lower)
extending five feet beyond all foundation lines. Exposed subgrade should be neat cut (flat blade
on bucket).

A minimum of 18 inches of Caltrans Class 2 aggregate base shall be placed and compacted in 6
inch maximum lifts to 95% of ASTM D1557 maximum dry density below each foundation or mat
slab.

Landmark Consultants, Inc. Page 3
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Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SO4) less
than 1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM,
or SW-SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The
geotechnical engineer should approve imported fill soil sources before hauling material to the site.
Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and
compacted to at least 95% of ASTM D1557 maximum dry density at optimum moisture +2%.

Trench Backfill: On-site soil free of debris, vegetation, and other deleterious matter may be
suitable for use as utility trench backfill. Backfill soil within paved areas should be placed in
layers not more than 6 inches in thickness and mechanically compacted to a minimum of 90% of
the ASTM D1557 maximum dry density except for the top 12 inches of the trench which shall be
compacted to at least 95%. Native backfill should only be placed and compacted after
encapsulating buried pipes with suitable bedding and pipe envelope material. Pipe
envelope/bedding should either be clean sand (Sand Equivalent SE>30). Precautions should be
taken in the compaction of the backfill to avoid damage to the pipes and structures.

Observation and Density Testing: All site preparation and fill placement should be continuously

observed and tested by a representative of a qualified geotechnical engineering firm. Full-time
observation services during the excavation and scarification process is necessary to detect
undesirable materials or conditions and soft areas that may be encountered in the construction area.
The geotechnical firm that provides observation and testing during construction shall assume the
responsibility of "geotechnical engineer of record" and, as such, shall perform additional tests and
investigation as necessary to satisfy themselves as to the site conditions and the geotechnical
parameters for site development.

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or
retaining walls should have footings extended to a minimum of 24 inches below grade. The
existing soil beneath the structure foundation prepared in the manner described for foundations

except the preparation needed only to extend 12 inches below and beyond the footing.

Foundations and Settlements
Shallow spread footings and continuous wall footings are suitable to support the structures
associated with the plant upgrades. Footings shall be founded on a layer of properly prepared and
compacted soil as described in Section 4.1. The foundations may be designed using an allowable
soil bearing pressure of 2,000 psf at 18-inch embedment depth when foundations are supported on
compacted Caltrans Class 2 aggregate base (extending a minimum of 1.5 feet below footings).

Landmark Consultants, Inc. Page 4
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The allowable soil pressure may be increased by 20% for each foot of embedment depth in excess
of 18 inches and by one-third for short term loads induced by winds or seismic events. The
maximum allowable soil pressure at increased embedment depths shall not exceed 4,000 psf.

Flat Plate Structural Mats: Structural mats may be designed for a modulus of subgrade reaction
(Ks) of 100 pci when placed on compacted clay or a subgrade modulus of 250 pci when placed on
2.5 feet of granular fill. Mats shall overlay 2 inches of sand and a 10-mil polyethylene vapor
retarder. The structure support pad shall be moisture conditioned and recompacted as specified in
Section 4.1 of this report.

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings
and frictional resistance developed along the bases of footings and concrete slabs. Passive
resistance to lateral earth pressure may be calculated using an equivalent fluid pressure of 300 pcf
to resist lateral loadings. The top one foot of embedment should not be considered in computing
passive resistance unless the adjacent area is confined by a slab or pavement. An allowable friction
coefficient of 0.35 may also be used at the base of the footings to resist lateral loading. Foundation
movement under the estimated loadings are estimated to not exceed % inch with differential
movement of about two-thirds of total movement for the loading assumptions stated above when
the subgrade preparation guidelines given above are followed.

Note: The entire plant area overlays a geothermal fluids reservoir that geothermal fluids
extraction and reinjection is causing annual ground surface settlement of 1 to 2 inches per
year. The settlement is not uniform.

Drilled Piers: New foundations may be supported on cast-in-place, drilled piers. Design criteria
are provided below.

Vertical Capacity: Vertical capacity for 24 and 36-inch diameter shafts are presented in Figure 3.
Capacities for other shaft sizes can be determined in direct proportion to shaft diameters. Point
bearing and skin friction parameters have been used to determine the allowable shaft capacity.
The allowable capacities include a factor of safety of 2.5. The allowable vertical compression
capacities may be increased by 33 percent to accommodate temporary loads such as from wind or
seismic forces. The allowable vertical shaft capacities are based on the supporting capacity of the
soil.

Lateral Capacity: The allowable lateral capacities for 24 and 36-inch diameter shafts are given in
the table shown below. The allowable horizontal deflection has been assumed to be one-half inch
(0.50 inch).

Landmark Consultants, Inc. Page 5
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Table 3 — Lateral Capacities

Shaft Diameter (in.) 24 36
Head Condition Free (*) Fixed Free (*) Fixed
Allowable Head Deflection (in.) 0.5 0.5 0.5 0.5
Minimum Length (ft.) 10 10 10 10
Lateral Capacity (kips) 15.6 50.8 20.0 65.0
Maximum Moment (foot-kips) 422 -293.3 53.7 -362.4
@Depth from Pier Head (ft.) 4.2 0 4.2 0
Minimum Length (ft.) 20 20 20 20
Lateral Capacity (kips) 32.0 70.5 52.0 124.0
Maximum Moment (foot-Kips) 142.5 -393.3 266.7 -1025.0
@Depth from Pier Head (ft.) 9.0 0 9.8 0
Minimum Length (ft.) 30 30 30 30
Lateral Capacity (kips) 325 73.5 65.8 152.0
Maximum Moment (foot-kips) 145.0 -407.5 413.3 -1141.7
@Depth from Pier Head (ft.) 9.0 0 11.6 0

(*) Fixed head is defined as there is no rotation in the pier head (concrete foundation surrounding

the pier heads).

Uplift Capacity: Pier capacity in tension may be assumed to be 50% of the compression capacity.

Settlement: Total settlements (non-seismic) of less than % inch, and differential movement of
about two-thirds of total movement for single pier designed according to the preceding
recommendations. If pier spacing is at least 2.5 pier diameters center-to-center, no reduction in

axial load capacity is considered necessary for group effect.

Note: The entire plant area overlays a geothermal fluids reservoir that geothermal fluids extraction
and reinjection is causing annual ground surface settlement of 1 to 2 inches per year. The
settlement is not uniform.

Note: Soil strength parameters obtained from field data and laboratory testing were modified
based on our engineering judgment and our previous experience in the general site vicinity.

Landmark Consultants, Inc. Page 6



Geotechnical Report Update
Ormat’s Heber 2 Repower Project — Heber, CA LCI Report No. LE19075

Soil Parameters: Interpretive engineering soil parameters of the subsurface soil for use in the
Allpile Computer Program are presented in the table below.

Table 4 — Soil Strength Parameters

Unit Friction ] Lateral Soil Strength
Layer Depth ] Cohesion .
Type @) Weight Angle (ksf) Modulus, k | €50 or Dr | Reduction
. (pch) (deg) (pci) Factor
SM Oto5 115 34° 0 80 45.0 1.0
CL-CH | 5to12 125 --- 1.25 315 0.85 1.0
CL-CH | 12to 40 125 - 1.75 550 0.70 1.0
ML 40 to 50 120 24° 0.50 225 1.00 1.0

Installation: The drilled piers shall be placed in conformance to ACI 336 guidelines. Excavation
for piers should be inspected by the geotechnical consultant. A tremie pipe should be used to pour
concrete from the bottom up and to ensure less than five feet of free fall. All drilled piers extending
below groundwater shall be cased to prevent caving or lateral deformation. Groundwater is
expected to be encountered at approximately 8 feet below ground surface.

The structural steel and concrete should be placed immediately after drilling. Prior to placing any
structural steel or concrete, loose soil or slough material should be removed from the bottom of
the drilled pier excavation.

Slabs-On-Grade
Structural Concrete: Structural concrete slabs are those slabs (foundations) that underlie structures
or covered housekeeping slabs (shades). Concrete slabs and flatwork shall be a minimum of 6
inches thick due to equipment loads. Concrete slab and flatwork reinforcement should consist of
chaired rebar slab reinforcement (minimum of No. 3 bars at 18-inch centers, both horizontal
directions) placed at slab mid-height to resist drying shrinkage cracking. Slab thickness and steel
reinforcement are minimums only and should be verified by the structural engineer/designer

knowing the actual project loadings.

All steel components of the foundation system should be protected from corrosion by maintaining
a 3-inch minimum concrete cover of densely consolidated concrete at footings (by use of a
vibrator).

Landmark Consultants, Inc. Page 7
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of
2 to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI)
guidelines. All joints should form approximately square patterns to reduce randomly oriented
contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or
sawcut (4 of slab depth) within 6 to 8 hours of concrete placement. Construction (cold) joints in
foundations and area flatwork should either be thickened butt-joints with dowels or a thickened
keyed-joint designed to resist vertical deflection at the joint.

All joints in flatwork should be sealed to prevent moisture, vermin, or foreign material intrusion.
Precautions should be taken to prevent curling of slabs in this arid desert region (refer to ACI

guidelines).

Concrete Mixes and Corrosivity

Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil
from the project site. The native soils were found to have S1 to 82 (moderate to severe) levels of
sulfate ion concentration (1,052 to 3,006 ppm). Sulfate ions in high concentrations can attack the
cementitious material in concrete, causing weakening of the cement matrix and eventual
deterioration by raveling. The following table provides American Concrete Institute (ACI)
recommended cement types, water-cement ratio and minimum compressive strengths for concrete
in contact with soils:

Table 5. Concrete Mix Design Criteria due to Soluble Sulfate Exposure

Water-soluble . Minimum
Sulfate ) Maximum Water-

Sulfate (SO4) in | Cement Type . i Strength

Exposure Class 3 Cement Ratio by weight )
soil, ppm f’c (psi)

SO 0-1,000 - - -

S1 1,000-2,000 I 0.50 4,000

S2 2,000-20,000 v 0.45 4,500

S3 Over 20,000 V (plus Pozzolon) 045 4,500

Note: From ACI 318-14 Table 19.3.1.1 and Table 19.3.2.1
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A minimum of 6.0 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a
maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact
with native soil on this project (sitework including foundations and housekeeping slabs).
Admixtures may be required to allow placement of this low water/cement ratio concrete.

The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm).
Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic
conduits. Resistivity determinations on the soil indicate very severe potential for metal loss
because of electrochemical corrosion processes. Mitigation of the corrosion of steel can be
achieved by using steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings,
cathodic protection or by encapsulating the portion of the pipe lying above groundwater with a
minimum of 3 inches of densely consolidated concrete. No metallic water pipes or conduits
should be placed below foundations.

Foundation designs shall provide a minimum concrete cover of three (3) inches around steel
reinforcing or embedded components (anchor bolts, etc.) exposed to native soil. If the 3-inch
concrete edge distance cannot be achieved, all embedded steel components (anchor bolts, etc.)
shall be epoxy coated for corrosion protection (in accordance with ASTM D3963/A934) or a
corrosion inhibitor and a permanent waterproofing membrane shall be placed along the exterior
face of the exterior footings.

Additionally, the concrete should be thoroughly vibrated at footings during placement to decrease
the permeability of the concrete.

Excavations
All site excavations should conform to CalOSHA requirements for Type C soil. The contractor is
solely responsible for the safety of workers entering trenches. Temporary excavations with depths
of 4 feet or less may cut nearly vertical for short duration. Sandy soil slopes should be kept moist,
but not saturated, to reduce the potential of raveling or sloughing. Excavations below 4 feet will
require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type C soil.

Surcharge loads of stockpiled soil or construction materials should be set back from the top of the
slope a minimum distance equal to the height of the slope. All permanent slopes should not be
steeper than 3:1 to reduce wind and rain erosion. Protected slopes with ground cover may be as
steep as 2:1. However, maintenance with motorized equipment may not be possible at this
inclination.

Landmark Consultants, Inc. Page 9
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Seismic Design
This site is located in the seismically active southern California area and the site structures are
subject to strong ground shaking due to potential fault movements along the Imperial and Cerro
Prieto faults. Engineered design and earthquake-resistant construction are the common solutions
to increase safety and development of seismic areas. Designs should comply with the latest edition
of the CBC for Site Class D using the seismic coefficients given in Table 2 of this report.

Closure
We did not encounter soil conditions that would preclude implementation of the proposed project
provided the recommendations contained in this report are implemented in the design and
construction of this project. We appreciate the opportunity to provide our findings and
professional opinions regarding geotechnical conditions at the site. If you have any questions or
comments regarding our findings, please call our office at (760) 370-3000.

Respectfully Submitted,
Landmark Consultants, Inc.

ENGINEERING
GEOLOGIST

No. 31921
EXPIRES 12-31-20

-/ Steven K. Williams, PG, EG
Senior Engineering Geologist

Jeffrey O. Lyon, PE
President

Julian R. Avalos, PE
Senior Engineer

No. 73339
EXPIRES 12-31-20
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Heber 2 Repower Project - Heber, CA

LCI Project No. LE19075

Table 1

Summary of Characteristics of Closest Known Active Faults

Approximate . e .
Fault Name Distance A.pprox1mate Mon?ent Fault Length | Slip Rate
(miles) Distance (km)| Magnitude (km) (mm/yr)
Mw)
Imperial 7.0 11.2 7 62+6 205
Superstition Hills 8.4 13.5 6.6 23+2 412
Unnamed 2* 85 13.6
Brawley * 8.8 14.1
Rico * 9.9 15.9
Unnamed 1* 12.0 19.2
Borrego (Mexico)* 13.0 20.7
Yuha* 13.3 21.2
Superstition Mountain 14.7 23.5 6.6 24+2 5+3
Laguna Salada 14.8 23.6 7 67+7 3515
Cerro Prieto * 15.2 243
Pescadores (Mexico)* 17.2 27.5
Shell Beds 17.3 27.6
Yuha Well * 17.8 28.5
Cucapah (Mexico)* 18.4 29.4
Vista de Anza* 20.4 327
Painted Gorge Wash* 24.0 38.4
Ocotillo* 25.4 40.6
Elmore Ranch 283 453 6.6 29+3 1£05
Elsinore - Coyote Mountain 29.1 46.6 6.8 39+4 442
San Jacinto - Borrego 33.6 53.8 6.6 29+3 4+2
Algodones * 35.6 57.0

* Note: Faults not included in CGS database.




Heber 2 Repower Project - Heber, CA LCI Project No. LE19075

Table 2
2016 California Building Code (CBC) and ASCE 7-10 Seismic Parameters
ASCE 7-10 Reference
Soil Site Class: D Table 20.3-1

Latitude: 32.7139 N

Longitude: -115.5375 W
Risk Category: 111
Seismic Design Category: D

Maximum Considered Earthquake (MCE) Ground Motion

Mapped MCEp, Short Period Spectral Response S, 1.500 g = CBC Figure 1613.3.1(1)
Mapped MCEy, 1 second Spectral Response S, 0.600 g  CBC Figure 1613.3.1(2)

Short Period (0.2 s) Site CoefTicient F, 1.00 CBC Table 1613.3.3(1)

Long Period (1.0 s) Site Coefficient F, 1.50 CBC Table 1613.3.3(2)
MCEg, Spectral Response Acceleration Parameter (0.2 s) Sms 1.500g =F,*S, CBC Equation 16-37
MCEg, Spectral Response Acceleration Parameter (1.0 s) Smi 0900g =F,*§ CBC Equation 16-38

Design Earthquake Ground Motion

Design Spectral Response Acceleration Parameter (0.2 s) Sps 1.000 g =2/3*Sys CBC Equation 16-39
Design Spectral Response Acceleration Parameter (1.0 s) Sp1 0.600 g =2/3*Sy, CBC Equation 16-40
Risk Coefficient at Short Periods (less than 0.2 s) Cgs 1.106 ASCE Figure 22-17
Risk Coefficient at Long Periods (greater than 1.0 s) Cri 1.073 ASCE Figure 22-18
Ty, 8.00 sec ASCE Figure 22-12
TO 0.12 sec =0'2*SD1/SDS
TS 0.60 sec =SD1/SDS
Peak Ground Acceleration PGAy 050 g ASCE Equation 11.8-1
16 — Period Sa MCEg Sa
T (sec) (<)) (g
1 L} i 0.00 0.40 0.60
4 L ¥
0.12 1.00 1.50
0.60 1.00 1.50
512 \ 0.70 0.86 1.29
* : \— : : 0.80 0.75 1.13
[k S - ! 0.90 0.67 1.00
® B e : 1.00 0.60 0.90
2 \
308 N . . — 1.10 0.55 0.82
2 1 A} TN i ] 1.20 0.50 0.75
E 0.6 ‘: - 1.20 0.50 0.76
] b ~ ; 1.40 0.43 0.64
& 04 = i 1.50 0.40 0.60
S T ——— - 1.75 0.34 0.51
0.2 : ik . 2.00 0.30 0.45
; | 2.20 0.27 0.41
- ] ! 2.40 0.25 0.38
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 40 | 260 L7 .59
Period (sec) 2.80 0.21 0.32
3.00 0.20 0.30
MCER Response Spectra === . Design Response Spectra 550 24l (25
4.00 0.15 0.23
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Allowable Compression Pier Capacity (ton)
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Compression load capacity are based on skin friction and end-bearing capacity.
The structural capacity of the piers should be checked.

The indicated capacities are for sustained (dead plus live) vertical compression
load, and include a factor of safety of at least 2.5

For temporary wind or seismic load, the above values may be increased by one-third.

Capacities of other pier sizes are in direct proportion to the pile diameter.

Geo-Engineers and Geologists Drilled Pier Compression Capacity Chart
DEE/AIBE/SBE Comparry Ormat’s Heber #2 Plant Expansion

L ]
Project No.: LE19075 Heber, California
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CLIENT: Ormat Nevada Inc

PROJECT: Heber 2 Repower Project - Heber, CA

LOCATION: See Site and Boring Location Plan

CONE PENETROMETER:

DATE:

Middle Earth Geotesting Truck Mounted Electric

Cone with 23 {on reaction weight

12/20/2004

CONE SOUNDING DATA CPT-1

Project No.

% INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
Ny From Robertson and Campanella (1988
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CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Re

Proajgact - Heber, CA

LANDMARK CONSULTANTS, INC.

Project No: LE19075

Date: 12/20/2004

CONE SOUNDING: CPT-1
EslL GWT (f): ] Phi Cormelation: 0 0-Schm{78),1-R&C(83),2-PHT(74)

Base Base Avg Avg EsL Est. Rel. Nk: 17

Depth Depth Tip Friction Soil Density or Density  SPT Norm. % Dens. Phi Su

(m}) () Qe tsf  Ratio, % Classification USCS Caonsistency (pef) N{ED) Qcin Fines Dr (%) (deg.) (tsf) OCR
0156 0.5 47.46 5.04 Silty Clay to Clay CL hard 125 27 60 2.79 >10
0.30 1.0 71.18 3.50 Sandy Silt to Clayey Silt ML very dense 115 20 134.6 45 107 43

045 1.5 76.38 3.27 Sandy Silt to Clayey Silt ML very dense 115 22 144.4 40 102 42

060 20 88.21 2.88 Sandy Silt to Clayey Silt ML very dense 115 25 166.8 35 101 42

075 25 94.19 2.53 Silty Sand to Sandy Silt SMIML very dense 115 21 178.0 30 100 42

0983 3.0 101.94 2.35 Silty Sand to Sandy Silt SM/ML very dense 115 23 192.7 30 99 42

1.08 35 123.24 1.66 Sand to Silty Sand SP/SM very dense 115 22 233.0 20 102 42

123 40 53.93 2,99 Sandy Silt to Clayey Silt ML dense 115 15 101.9 45 76 39

138 45 16.43 4.19 Clay CL/CH stiff 125 13 85 0.95 >10
153 50 15.53 3.80 Silty Clay to Clay cL stiff 125 9 a5 0.90 >10
168 65 13.98 348 Silty Clay to Clay cL stiff 125 8 85 0.80 >10
183 6.0 10.16 242 Clayey Silt to Silty Clay ML/CL stiff 120 4 85 0.58 >10
198 6.5 10.41 3.55 Silty Clay to Clay CL stiff 125 6 95 0.58 >10
213 7.0 11.62 4.38 Clay CU/ICH stiff 125 9 100 0.66 >10
228 75 13.29 4.44 Clay CL/CH stiff 125 11 95 0.76 >10
245 BO 14.55 4,93 Clay CL/CH stiff 125 12 g5 0.83 >10
2.60 85 13.90 4.96 Clay CL/CH stiff 125 " 95 0.79 >10
275 8.0 13.23 4.08 Clay CL/ICH stiff 125 11 95 0.75 >10
290 95 13.66 4.68 Clay CL/CH siff 125 1 100 0.77 >10
305 100 26.88 5.00 Clay CL/CH very stiff 125 22 80 1.585 >10
320 105 2169 5.01 Clay CLICH very stiff 125 17 85 1.24 >10
335 11.0 19.84 4.85 Clay CL/ICH very stiff 125 16 90 1.13 >10
350 115 2131 4.45 Silty Clay to Clay CL very stiff 125 12 a5 1.22 >10
365 120 18.97 4.00 Silty Clay to Clay CcL very stiff 125 11 85 1.08 >10
3.80 125 16.82 3.88 Slity Clay to Clay CcL stiff 125 10 90 0.85 >10
3.95 130 18.18 4,91 Clay CL/CH very stiff 125 15 95 1.03 >10
413 135 17.33 5.43 Clay CL/CH stiff 125 14 100 0.98 >10
428 14.0 17.04 5.46 Clay CUCH stiff 125 14 100 0.96 >10
443 145 2121 5.45 Clay CL/ICH very stiff 125 17 100 1.21 >10
458 150 19.96 521 Clay CL/ICH very stiff 125 16 100 1.13 >10
473 155 2341 4.80 Clay CL/CH very stiff 125 19 90 1.34 >10
488 160 20.50 5.51 Clay CLICH very stiff 125 16 100 1.186 >10
503 165 21.94 5.88 Clay CL/CH very stiff 125 18 100 1.25 >10
518 17.0 18,22 5.48 Clay CL/ICH very stiff 125 15 100 1.09 >10
533 175 2757 5.03 Clay CL/CH very stiff 125 22 S0 1.58 >10
548 18.0 23.28 5.22 Clay CU/CH very stiff 125 19 100 1.32 >10
565 185 20.85 6.67 Clay CL/CH very stiff 125 17 100 1.18 >10
580 190 21.33 6.77 Clay CL/ICH very stiff 125 17 100 1.21 >10
595 185 2197 6.29 Clay CL/CH very stiff 125 18 100 1.24 >10
6.10 200 21.34 7.08 Clay CLICH very stiff 125 17 100 1.21 >10
625 205 15.48 5.72 Clay CL/CH stiff 125 12 100 0.86 6.21
640 21.0 15.87 5.20 Clay CL/CH stiff 125 13 100 0.88 6.32
6.55 215 26,53 5.79 Clay CL/ICH very sliff 125 21 100 1.51 >10
670 220 27.19 6.21 Clay CL/CH very stiff 125 22 100 1.55 >10
6.85 225 2012 6.18 Clay CLICH vary stiff 125 23 100 1.66 >10
7.00 23.0 2440 7.41 Clay CU/ICH very stiff 125 20 100 1.38 >10
718 235 2974 7.65 Clay CL/CH very stiff 125 24 100 1.69 >10
733 240 3124 7.01 Clay CL/ICH very stiff 125 25 100 1.78 >10
748 245 3171 6.74 Clay CL/ICH very stiff 125 25 100 1.81 >10
763 250 2838 5.36 Clay CLICH very stiff 125 23 100 1.61 >10
778 255 2550 579 Clay CL/CH vary stiff 125 20 100 1.44 >10
793 280 21.23 6.01 Clay CL/CH very stiff 125 17 100 1.18 7.85
B.08 265 19.41 6.26 Clay CL/CH very stiff 125 16 100 1.08 6.54
823 270 21.10 6.12 Clay CL/CH very stiff 125 17 100 1.18 7.27
838 275 2013 6.30 Clay CLICH very stiff 125 16 100 1.12 6.54
853 280 19.23 5.66 Clay CL/CH very stiff 125 15 100 1.07 6.00
868 285 20.08 5.65 Clay CL/CH very stiff 125 16 100 1.12 6.32
B8.85 29.0 2055 5.67 Clay CL/ICH very stiff 125 16 100 1.14 6.32
9.00 295 20.76 7.00 Clay CL/ICH very stiff 125 17 100 1.15 6.32
915 30.0 2280 6.88 Clay CL/CH very stiff 125 18 100 1.27 7.27
830 305 2160 5.89 Clay CL/CH very stiff 125 17 100 1.20 6.43
945 31.0 17.18 6.36 Clay CL/CH stiff 125 14 100 0.84 4.37
960 315 2005 5.47 Clay CL/CH very stiff 125 16 100 1.1 5.53
975 320 19.47 5.50 Clay CL/CH very stiff 125 16 100 1.07 5.10
8,90 325 21.74 583 Clay CUCH very stiff 125 17 100 1.21 6.00
10.05 33.0 2337 5.76 Clay CLICH very stiff 125 19 100 1.30 6.65
1020 335 2038 5.56 Clay CL/CH very stiff 125 16 100 1.13 5.21
10.38 34.0 15.87 512 Clay CL/CH stiff 125 13 100 0.88 3.50
10.53 345 1645 4.48 Clay CL/CH stiff 125 13 100 0.89 3.58
1068 350 18.50 4.96 Clay CL/ICH very stiff 125 15 100 1.01 4.18
10.83 355 19.11 4.05 Silty Clay to Clay CL very stiff 125 1 100 1.05 5.53
10.88 36.0 20.64 5,86 Clay CL/CH very stiff 125 17 100 1.13 4,78
11.13 365 2544 572 Clay CL/CH very stiff 125 20 100 1.42 6.65
11.28 370 31.72 4.84 Silty Clay to Clay CL very stlff 125 18 100 1.79 >10
1143 375 2549 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.42 >10
11.58 38B.0 17.68 2,48 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 6.10
11.73 385 15.25 3.47 Silty Clay to Clay CL stiff 125 9 100 0.81 3.50




Pro!et:t: Heber 2 ReEower Pro'!ect - Heber, CA

LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Pm& No: LE19075

Date: 12/20/2004

CONE SOUNDING:  CPT-1
Est. GWT (ft}: 8 Phi Carrelation: 0 0-Schm(78),1-R&C(83),2-FHT(74)

Base Baee Avg Avg Est Est Rel. Nk: 17
Depth Depth Tip Friction Soll Density or Density SPT Norm. % Dens. Phi Su

{m) ) Qc, tsf  Ratio, % Classification USCS Conasistency (pch) N(60) Qcin Fines Dr (%) (deg.) {tef) OCR
1188 38.0 2064 484 Clay CL/ICH very stiff 125 17 100 1.13 4,28
1205 385 1550 3,51  Silty Clay to Clay cL stiff 125 9 100 0.83 3.50
12.20 400 1477 2,00 Clayey Siit to Silty Clay ML/CL stiff 120 6 100 0.78 4.18
12.35 405 13.50 2,07  Clayey Siit to Silty Clay ML/CL stiff 120 5 100 0.71 3.58
1250 410 1596 3,29  Slity Clay to Clay cL stiff 125 9 100 0.85 3.50
1265 415 1532 3,05 Clayey Silt o Silty Clay ML/CL stiff 120 6 100 0.81 4.28
1280 420 1474 2.01  Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.78 391
1285 425 17.48 254  Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.94 5.10
13.10 430 2247 2.80  Clayey Silt to Slity Clay MUCL very stiff 120 9 100 1.23 7.70
13.25 435 2078 2.49  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 113 6.65
1340 440 21.29 2.62  Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.16 6.76
13.68 445 19.71 2.35  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.07 5.88
13.73 450 19.60 2.17  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.76
13.88 455 18.05 1.84  Sandy Silt to Clayey Silt ML very loose 115 5 13.8 100 14 30
1403 460 17.42 2.29  Clayey Silt to Slity Clay ML/CL stiff 120 7 100 0.93 4.57
1418 465 19.48 2.03  Sandy Silt to Clayey Slit ML very loose 115 6 147 100 16 30
1433 470 17.99 2.10  Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 468
1448 475 16.62 1.85  Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.88 4,00
1463 480 16.66 1.91  Clayey Silt to Silty Clay MLCL stiff 120 7 100 0.88 4,00
1478 485 15.96 1.83  Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3,74
1493 490 1556 1.78  Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.81 3,58
1510 485 1489 1.48  Sandy Silt to Clayey Silt ML very loose 115 4 11.0 100 7 29
1525 50.0 16.44 1.69 Sandy Slit to Clayey Silt ML very loose 115 5 12.1 100 10 29




CLIENT: Ormat Nevada Inc

PROJECT: Heber 2 Repower Project - Heber, CA

CONE PENETROMETER: Middle Earth Geatesting Truck Mounted Electric
Cone with 23 {on reaction weight
DATE: 12/20/2004

LOCATION: See Site and Boring Location Plan

CONE SOUNDING DATA CPT-2

Geo-Engineers and Gedlogists

& INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
g From Rabertson and Campenella (1988
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

__Project: Heber2Re r Project - Heber, CA Prgject No: LE19075 Date: 12/20/2004
CONE SOUNDING:  CPT-2
Est GWT (ft): 8 Phi Correlation 0 0-Schm(78),1-R&C{83),2-PHT{T4)

Base Base Avg Ava EslL Est. Rel. Nk: 17
Depth Depth Tip Friction Soll Density or Density SPT Norm. % Dens. Phi Su

{m) (ft) Qc, tsf  Ratio, % Classification USCS Conglstancy {pcf) N{60} Qcin Fines Dr (%) (deq.) (tsf) OCR
015 05 60.03 169.32 Overconsolidated Sail ” very dense 120 80 113.5 100 119 45

030 1.0 77.82 5.97 Overconsolidated Sail 27 very dense 120 78 147.1 55 110 43

045 15 91.98 5.31 Overconsolidated Sail k¥ very dense 120 92 173.9 50 107 43

060 2.0 129.94 3.78 Sandy Silt to Clayey Silt ML very dense 115 37 245.6 35 113 44

075 25 119.62 3.1 Sandy Siit to Clayey Silt ML very dense 115 34 226.1 30 107 43

093 3.0 137.68 2.51 Silty Sand to Sandy Silt SM/ML very dense 115 31 260.3 25 106 43

1.08 35 140.87 2.30 Silty Sand to Sandy Silt SMML very dense 115 31 266.3 25 106 43

123 40 139.35 2,04 Silty Sand to Sandy Silt SMML very dense 115 31 263.4 20 104 43

138 45 144.85 2.01 Silty Sand to Sandy Silt SMML very dense 115 32 273.8 20 103 42

163 5.0 113.08 224 Silty Sand to Sandy Sit SMML very dense 115 25 208.8 25 94 41

168 &85 52.70 3.38 Clayey Siit io Silty Clay ML/CL hard 120 21 50 3.08 >10
183 6.0 13.87 4,91 Clay CL/CH stiff 125 11 95 0.80 >10
198 6.5 15.08 5.36 Clay CL/CH stiff 1256 12 95 0.87 >10
213 7.0 14.77 4.81 Clay CL/CH stiff 125 12 95 0.85 >10
228 75 13.38 3.90 Clay CL/CH stiff 125 11 90 0.76 >10
245 B0 12.25 3.27 Silty Clay to Clay CL stiff 125 7 90 0.88 >10
260 85 11.34 3.86 Clay CL/CH stiff 125 9 95 0.64 >10
275 9.0 13.62 4.43 Clay CL/CH stiff 125 1 95 0.77 >10
290 85 14.76 4.97 Clay CU/ICH stiff 125 12 95 0.84 >10
3.05 100 15.04 5.19 Clay CL/CH stiff 125 12 100 0.85 >10
320 105 17.24 5.61 Clay CL/ICH stiff 125 14 100 0.98 >10
335 11.0 17.82 5.31 Clay CL/CH very stiff 125 14 a5 1.02 >10
350 115 16.22 4,53 Clay CL/ICH stiff 125 13 85 0.92 >10
365 120 14,59 4.45 Clay CL/CH stiff 125 12 100 0.82 >10
380 125 15.95 4.89 Clay CL/CH stiff 125 13 100 0.90 >10
3985 13.0 16.10 5.07 Clay CL/ICH stiff 125 13 100 0.91 >10
413 135 20.52 5,55 Clay CL/ICH vary stiff 125 16 95 117 >10
428 140 22.48 5.55 Clay CL/ICH very stiff 125 18 95 1.28 >10
443 145 20.88 5.42 Clay CL/ICH vary stiff 125 17 100 1.19 >10
458 15.0 17.79 5.37 Clay CL/ICH very stiff 125 14 100 1.01 >10
473 155 19.47 5.88 Clay CL/ICH very stiff 125 16 100 1.10 >10
488 16.0 19.76 5.77 Clay CL/CH very sliff 125 16 100 1.12 >10
503 165 2253 5.91 Clay CL/CH vary stiff 125 18 100 1.28 >10
518 17.0 21.67 5.09 Clay CLICH very stiff 125 17 100 1.23 >10
533 175 2215 5.77 Clay CL/ICH very stiff 125 18 100 1.26 >10
548 18.0 21.43 6.10 Clay CL/ICH very stiff 125 17 100 1.21 >10
565 185 21.56 5.34 Clay CL/ICH very stiff 125 17 100 1.22 >10
5.80 18.0 22.73 5.72 Clay CL/CH very stiff 125 18 100 1.28 >10
595 18.5 30.63 5.48 Clay CL/CH very stiff 125 25 90 1.756 >10
6.10 20.0 17.95 6.14 Clay CL/ICH very stiff 125 14 100 1.01 8.41
6.25 205 17.30 5.70 Clay CL/CH stiff 125 14 100 0.97 7.56
640 21.0 16.60 6.98 Clay CL/ICH stiff 125 13 100 0.93 6.76
6.5 215 26,75 7.44 Clay CL/CH very stiff 125 21 100 1.52 >10
670 220 2817 6.81 Clay CLICH very stiff 125 23 100 1.60 >10
6.85 225 2017 7.24 Clay CL/CH very stiff 125 16 100 1.13 8.85
7.00 230 16.15 5.62 Clay CL/CH stiff 125 13 100 0.90 5.88
718 235 21.37 6.84 Clay CUCH very stiff 125 17 100 1.20 9.18
7.33 240 24.23 5,88 Clay CLICH very stiff 125 19 100 1.97 >10
748 245 27.08 6.88 Clay CL/ICH very stiff 125 22 100 1.54 >10
763 250 23.97 6.46 Clay CL/CH very stiff 125 19 100 1.35 >10
7.78 255 25.90 6.98 Clay CLICH very stiff 125 21 100 1.46 >10
7.93 28.0 24.80 6.17 Clay CL/CH very stiff 125 20 100 1.40 >10
B8.08 286.5 22,94 5.66 Clay CL/CH very stiff 125 18 100 1.29 8.85
8.23 27.0 22,28 5.92 Clay CL/CH very stiff 125 18 100 1.25 8.14
838 275 20.15 6.14 Clay CL/CH very stiff 125 16 100 1.12 6.65
8.53 28.0 2413 6.05 Clay CL/CH very stiff 125 19 100 1.36 9.00
8.68 285 28.28 5.86 Clay CLICH very stiff 125 23 100 1.60 >10
885 29.0 26.02 573 Clay CL/CH very stiff 125 21 100 1.46 >10
9.00 295 28.06 6.01 Clay CLICH very stiff 125 22 100 1.58 >10
9.15 300 20.72 6.57 Clay CLICH very stiff 125 24 100 1.68 >10
930 305 2855 6.41 Clay CL/CH very stiff 125 23 100 1.61 >10
945 31.0 31.07 6.84 Clay CL/ICH very stiff 125 25 100 1.76 >10
960 31.5 34.71 6.59 Clay CUCH very stiff 125 28 100 1.97 >10
9.756 32,0 35.27 6.25 Clay CL/ICH hard 125 28 100 2.00 >10
8.90 325 37.01 5.85 Clay CL/ICH hard 125 30 100 2,10 >10
10.05 33.0 32.37 5.31 Clay CcL/ICcH very stiff 125 26 100 1.83 >10
10.20 335 30.28 5.70 Clay CL/CH very stiff 125 24 100 1.71 >10
10.38  34.0 29.97 5.71 Clay CL/CH very stiff 125 24 100 1.69 >10
10.53 34.5 34.16 5.42 Clay CL/ICH very stiff 125 27 100 1.3 >10
10.68 35.0 31.58 5.44 Clay CL/CH very stiff 125 25 100 1.78 >10
10.83 355 31.18 4.96 Clay CL/CH very stiff 125 25 100 1.76 >10
10.88 36.0 28.08 6.21 Clay CL/CH very stiff 125 22 100 1.57 8.14
11.13  36.5 28.95 4.94 Clay CuCH very stiff 125 23 100 1.62 8.41
11.28 37.0 2374 5.43 Clay CL/ICH very stiff 125 19 100 1.32 5.88
1143 375 24.03 5.18 Clay CLICH very stiff 125 19 100 1.33 5.88
11.58 38.0 28.73 5.16 Clay CLICH very stiff 125 23 100 1.61 7.70
11.73 385 29.89 5.19 Clay CL/ICH very stiff 125 24 100 1.68 B.14




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Ri r Prﬁ» Heber, CA Project No: LE19075 Date: 12/20/2004
CONE SOUNDING:  CPT-2
Est. GWT (ft): 8 Phi Corralation: 0 0-Schm(78),1-RAC(83),2-PHT{74)

Base Base Avg Avg Est Est. Rel. Nk: 17
Depth Depth Tip Friction Sail Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qe tsf  Ralio, % Classification USCS Consistency (pch) N(60)  Qcin Fines Dr (%) {deg.) (tsf) OCR
11.88 38.0 29.55 5.05 Clay CL/ICH very stiff 125 24 100 1.65 7.85
12.05 395 2532 472 Clay CLICH very stiff 125 20 100 1.40 5.88
1220 400 2219 4.46 Clay CL/CH very stiff 125 18 100 1.22 4,68
1235 405 24.43 4.30 Silty Clay to Clay CcL very stiff 125 14 100 1.35 7.00
1250 410 2485 3.66 Clayey Siit to Silty Clay ML/CL very stiff 120 10 100 1.37 >10
1265 415 21.29 3.25 Clayey Slit to Silty Clay ML/CL very stiff 120 9 100 1.16 7.41
12.80 42.0 19.81 3.04 Clayey Slit to Silty Clay ML/CL very stiff 120 a 100 1.08 6.43
1285 425 18.87 2.79 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.88
13.10 43.0 19.60 2.48 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.08 6.10
13.25 435 21.70 2.84 Clayey Silt ta Silty Clay ML/CL very stiff 120 9 100 1.18 7.13
13.40 440 2224 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 ] 100 1.22 7.27
13.58 445 2252 2.78 Clayey Slit to Silty Clay ML/CL very stiff 120 9 100 1.23 7.41
1373 450 2515 3.77 Clayey Slit to Silty Clay ML/CL very stiff 120 10 100 1.38 B.85
1388 455 26.20 3.80 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.45 9.59
14.03 46.0 24.44 3.02 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.34 8.14
1418 465 2265 2.43 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.24 7.00
1433 470 2081 1.8 Sandy Silt to Clayey Silt ML very loose 115 6 15.7 100 18 30
1448 475 20.51 2.12 Sandy Silt to Clayey Silt ML very loose 115 ] 15.4 100 17 30
1463 480 2261 2.50 Clayey Silt to Silty Clay ML/CL vary stiff 120 9 100 1.23 8.65
1478 485 20.83 2.13 Sandy Silt to Clayey Silt ML very loose 115 -] 15.5 100 7 30
1493 49.0 2093 2.27 Clayey Silt ta Silty Clay ML/CL very stiff 120 8 100 1.13 5.76
15.10 485 20.67 21 Sandy Sill to Clayey Silt ML very loose 115 6 15.3 100 17 30
1525 50.0 19.06 2.25 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 4.78




CLIENT: Ormat Nevada Inc
PROJECT: Heber 2 Repower Project - Heber, CA

CONE PENETROMETER:

Middle Earih Geotesting Truck Mounted Electric
Cone with 23 ton reaction weight

LOCATION: See Site and Boring Location Plan 12/20/2004
CONE SOUNDING DATA CPT-3
ﬁ INTERPRETED SOIL PROFILE Tip Resistance (sf) Sleeve Friction (tsf) Friction Ratio
From Raberison and Campanella (1988
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Project: Heber 2 Repower Project - Heber, CA

LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project No: LE19075

Date: 1 =2:‘_20!2004

CONE SOUNDING: CPT-3
Est. GWT (ft): 8 Phi Correlation: 0 0-Schm(78),1-R&C(83),2-PHT(74)

Base Base Avg Avg EsL Est Rel. Nk: 17

Depth Depth Tip Friction Soil Density or Density SPT Norm. % Dens. Phi Su

(m) () Qe tsf Ratio, % Claseffication USCS Cansistency (pet) N(BD} Qecin Fines Dr (%) {deg.) {1s7) OCR
015 0.5 51.76 3.36 Clayey Silt to Silty Clay ML/CL hard 120 21 50 3.04 >10
030 1.0 46.42 7.56 Clay CL/CH hard 125 37 75 273 >10
045 15 4035 6.79 Clay CUCH hard 125 32 75 237 >10
060 20 61.72 4.80 Silty Clay to Clay CL hard 125 35 55 3.62 >10
075 25 109.67 3.07 Sandy Silt to Clayey Siit ML very dense 115 31 207.3 35 104 43

093 3.0 118.60 264 Silty Sand to Sandy Silt SM/ML very dense 115 28 2242 30 108 42

1.08 35 127.70 243 Silty Sand to Sandy Silt SM/ML very dense 118 28 241.4 25 103 42

123 40 131.15 2.02 Silty Sand to Sandy Silt SM/ML very dense 115 28 247.9 25 102 42

1.38 45 147.55 1.96 Silty Sand to Sandy Silt SMML very dense 115 33 278.8 20 103 42

1.53 5.0 148.38 2.05 Silty Sand to Sandy Silt SM/ML very dense 115 33 2717 20 102 42

168 5.5 111.44 2.28 Silty Sand 1o Sandy Silt SM/ML very dense 115 25 194.4 25 92 41

183 6.0 40.17 4.02 Clayey Silt to Silty Clay ML/CL hard 120 16 80 234 >10
1.98 6.5 13.36 5.18 Clay CL/CH stiff 125 11 100 0.76 >10
213 7.0 13.22 5.65 Clay CL/ICH stiff 125 1 100 0.75 >10
228 75 7.68 4.85 Clay CL/CH fim 125 6 100 0.43 6.10
245 8.0 11.50 4.55 Clay CL/CH stiff 125 9 100 0.65 >10
260 85 10.61 3.49 Silty Clay to Clay CL siff 125 <] 95 0.60 >10
275 9.0 9.81 4.10 Clay CL/CH stiff 125 8 100 0.55 7.27
290 95 10.85 5.09 Clay CL/CH sliff 125 9 100 0.61 8.27
3.05 100 14.61 6.36 Clay CL/CH stiff 125 12 100 0.83 >10
320 105 14.97 5.91 Clay CL/ICH stiff 125 12 100 0.85 >10
335 1.0 14.49 6.53 Clay CL/ICH stiff 125 12 100 0.82 >10
3.50 115 15.94 5.42 Clay CL/CH siff 125 13 100 0.80 >10
365 120 14.15 5.01 Clay CL/CH sliff 125 11 100 0.80 >10
3.80 125 2031 5.15 Clay CL/CH very stiff 125 186 95 1.16 >10
385 13.0 23.81 5.79 Clay CL/CH vary stiff 125 19 a5 1.36 >10
4.13 135 18.35 6.42 Clay CL/CH vary stiff 125 15 100 1.04 >10
428 140 18.13 6.73 Clay CLICH very stiff 125 15 100 1.03 >10
443 145 19.70 6.56 Clay CL/ICH very stiff 125 16 100 1.12 >10
458 150 18.07 5.71 Clay CL/ICH very stiff 125 14 100 1.02 >10
473 155 14.86 5.24 Clay CL/CH stiff 125 12 100 0.83 8.27
488 16.0 14.60 5.69 Clay CL/CH stiff 125 12 100 0.82 7.70
503 165 13.48 6.25 Clay CL/CH stiff 125 11 100 0.75 6.43
518 17.0 13.31 5.44 Clay CL/CH stiff 125 11 100 0.74 6.10
533 175 16.20 6.21 Clay CL/ICH stiff 125 13 100 0.91 8.27
548 18.0 19.16 5.88 Clay CL/CH very stiff 125 15 100 1.08 >10
565 185 15.49 6.80 Clay CL/ICH stiff 125 12 100 0.88 7.13
580 19.0 15.81 6.89 Clay CL/CH siff 125 13 100 0.88 7.13
585 195 16.32 7.00 Clay CL/CH stiff 125 13 100 0.91 7.27
6.10 20.0 17.26 5.95 Clay CL/CH stiff 125 14 100 0.87 7.85
625 20.5 13.28 5.76 Clay CL/CH stiff 125 1 100 0.73 4.89
6.40 21.0 11.14 6.84 Clay CL/CH stiff 125 9 100 0.60 3.58
6.55 215 12.48 7.40 Clay CUCH stiff 125 10 100 0.68 4.18
6.70 22.0 14.92 7.62 Clay CL/CH stiff 125 12 100 0.82 5.42
6.85 225 17.77 6.98 Clay CL/CH stiff 125 14 100 0.98 7.00
7.00 23.0 2145 7.34 Clay CL/ICH very stiff 125 17 100 1.21 9.59
7.18 235 2458 7.84 Clay CL/CH very stiff 125 20 100 1.389 >10
733 240 51865 3.68 Clayey Silt to Silty Clay ML/CL hard 120 21 70 2.98 >10
748 245 3437 491 Clay CL/ICH very stiff 125 27 90 1.6 >10
763 250 16.84 5.44 Clay CL/CH very stiff 125 15 100 1.0 8.76
778 255 21.08 6.11 Clay CL/CH very stiff 125 17 100 1.18 8.00
793 260 2B.12 5.49 Clay CL/ICH very stiff 125 21 100 1.48 >10
B.0B 265 26.28 5.55 Clay CLICH very stiff 125 21 100 1.48 >10
823 270 21.92 5.06 Clay CL/ICH very stiff 125 18 100 1.23 7.85
838 275 23863 6.15 Clay CUCH very stiff 125 19 100 1.33 8.85
8.53 28.0 2049 6.07 Clay CL/ICH very stiff 125 16 100 1.14 6.65
8.68 28.5 12.11 5.87 Clay CLICH very stiff 125 15 100 1.06 5.88
885 29.0 18.15 524 Clay CL/CH very stiff 125 15 100 1.00 5.21
900 285 21.72 6.18 Clay CL/CH very stiff 125 17 100 1.21 6.88
915 30.0 2083 6.55 Clay CL/ICH very stiff 125 17 100 1.156 6.21
930 305 2290 7.51 Clay CL/CH very stiff 125 18 100 1.28 7.13
945 31.0 2057 6.23 Clay CLICH very stiff 125 16 100 1.14 5.88
860 315 19.55 6.90 Clay CL/ICH very stiff 125 16 100 1.08 5.31
875 320 23.76 8.37 Clay CL/ICH very stiff 125 19 100 1.33 7.13
980 325 2430 8.05 Clay CL/ICH very stiff 125 19 100 1.36 7.27
10.05 33.0 2278 6.54 Clay CL/CH very stiff 125 18 100 1.27 6.32
10.20 335 21.56 5.91 Clay CL/ICH very stiff 125 17 100 1.18 5.76
10.38 340 2082 6.40 Clay CUICH very stiff 125 17 100 1.15 5.31
1053 345 2117 6.04 Clay CUCH very stiff 125 17 100 1.17 5.31
1068 350 24.71 6.05 Clay CL/ICH very stiff 125 20 100 1.38 6.65
10.83 355 23.14 591 Clay CL/ICH vary stiff 125 19 100 1.28 5.88
10.98 36.0 19.96 521 Clay CL/ICH very stiff 125 16 100 1.10 4.57
11.13 365 18.03 4.88 Clay CL/ICH very stiff 126 15 100 1.04 4.18
11.28 37.0 16.18 4.33 Clay CL/CH stiff 125 13 100 0.87 3.28
11.43 375 16.02 5.36 Clay CLICH stiff 125 13 100 0.88 3.14
11.58 38.0 16.15 5.06 Clay CL/ICH stiff 125 13 100 0.87 3.14
11.73 385 17.81 4.76 Clay CL/CH stiff 125 14 100 0.88 3.50




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Pm!ect: Heber 2 Regwer Project - Heber, CA

_Project No: LE19075

Date: 12/20/2004

CONE SOUNDING:  CPT-3
Est. GWT {ft): 8 Phi Carrelation: 0 0-Schm(78),1-R&C{83).2-PHT(74)

Base Base Avg Avg Est. Est. Rel. Nk: 17
Depth Depth Tip Friction Soil Density or Density  SPT Norm. % Dens. Phi Su

{m) (ft) Qc, tsf  Ratio, % Classification USCS Consistency (pcf) N(60) Qcin Fines Dr (%) (deg.} (1sf) OCR
11.88 38.0 21.66 4.41 Silty Clay to Clay cL vary stiff 125 12 100 1.19 6.00
12.05 385 20.18 3.42  Clayey Silt o Silty Clay ML/CL vary stiff 120 8 100 1.10 713
12.20 400 17.00 2.62  Clayey Silt to Silty Clay MLICL stiff 120 it 100 0.91 5.31
12.35 405 20.64 4.32  Silty Clay to Clay cL very stiff 125 12 100 1.13 5.31
1250 410 3391 401  Clayey Silt to Silty Clay ML/CL vary stiff 120 14 100 1.91 >10
12.65 415 31.64 464  Slity Clay to Clay CcL very stiff 125 18 100 1.77 >10
12.80 420 23.58 3.56  Clayey Slit to Silty Clay ML/CL very stiff 120 9 100 1.30 8.70
12,95 425 24.97 3.28  Clayey Slit to Silty Clay ML/CL very stiff 120 10 100 1.38 9,78
1310 430 19.07 271 Clayey Silt to Silty Ciay ML/CL very stiff 120 8 100 1.03 5.88
13.25 435 1886 2.88  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.65
13.40 44.0 1954 3.20  Clayey Slit to Silty Clay ML/CL very stiff 120 8 100 1.06 5.88
13.58 445 19.29 3.97  Silty Clay to Clay CcL very stiff 125 " 100 1.04 4.18
13.73 450 19.79 3.86  Silty Clay to Clay cL very stiff 125 11 100 1.07 4.28
13.88 455 17.66 3.31 Clayey Silt to Silty Clay ML/CL stiff 120 i 100 0.94 4.78
14.03 460 1642 218  Clayey Silt to Silty Clay ML/CL siiff 120 7 100 0.87 4.18
14.18 465 1561 2.35  Clayey Silt to Silty Clay MUCL stiff 120 6 100 0.82 3.74
1433 470 1668 1.80  Sandy Silt to Clayey Silt ML very loose 115 5 12.5 100 1 30
1448 475 18.25 1.80  Sandy Silt to Clayey Silt ML very loose 115 5 137 100 14 30
1463 480 19,38 2.43  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.04 5.21
1478 485 1939 3.87  Silty Clay to Clay cL very stiff 125 11 100 1.04 3.83
1493 48.0 19.13 269  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 4.88
1510 485 16.46 1.58  Sandy Silt to Clayey Silt ML very loose 115 5 121 100 10 29
15.25 50.0 16.91 2.83  Clayey Silt to Slity Clay ML/CL stiff 120 7 100 0.89 3.91




CLIENT: Ormat Nevada Inc
PROJECT: Heber 2 Repower Project - Heber, CA

LOCATION: See Site and Borin_g Location Plan

CONE PENETROMETER:

Cone with 23 ton reaction weight

DATE: 5/2/2007

Middle Earlh Geotesting Truck Mounted Electric

CONE SOUNDING DATA CPT-4

E INTERPRETED SOCIL PROFILE Tip Resistance (tsf) Steeve Friction (tsf) Friction Ratio
From Rabertson and Campanella (1989
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CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Repower Project - Heber, CA

LANDMARK CONSULTANTS, INC.

Project No: LE18075

Date: 5/2/2007

CONE SOUNDING:  CPT-4
Est. GWT {ft): 8 Phi Correlation: 0 0-Schm(78),1-R&C(83),2-PHT(74)

Base Base Avg Avg Est Est. Rel. Nk: 17
Depth Depth Tip Friction Sail Density or Density SPT Norm. % Dens. Phi Su

(m) {ft) Qc, Isf  Ratio, % Clasaification USCS Consistency {pcf) N(60) Qcin Fines Dr (%) {deg.) (tsf) OCR
015 05 66.25 2.04 Silty Sand to Sandy Silt SM/ML very dense 115 15 125.2 35 122 45

030 1.0 88.18 275 Sandy Silt to Clayey Siit ML very dense 115 25 166.7 35 114 44

045 1.5 77.73 1.85 Silty Sand to Sandy Silt SM/ML very dense 115 17 146.9 30 103 42

060 20 92.53 1.60 Silty Sand to Sandy Silt SM/ML very dense 115 21 1749 25 103 42

075 25 93.95 2,02 Silty Sand to Sandy Silt SM/ML very dense 115 21 177.6 25 100 42

093 30 77.68 2,40 Silty Sand to Sandy Silt SMML very dense 115 17 146.8 35 91 41

108 35 74.47 2.38 Sandy Silt to Clayey Silt ML dense 115 21 140.8 35 a8 40

123 40 §2.73 2.83 Sandy Silt to Clayey Silt ML dense 115 15 99.7 45 75 as

138 45 18.49 5.55 Clay CL/CH very stiff 125 15 80 1.07 >10
153 50 13.75 5.02 Clay CL/CH stiff 125 1 100 0.79 >10
168 55 12.38 5.11 Clay CL/CH stiff 125 10 100 0.71 >10
183 6.0 10.98 5.45 Clay CL/CH stiff 125 9 100 0.63 >10
198 &5 13.51 4.77 Clay CL/CH stiff 125 11 95 0.77 >10
213 7.0 14.72 5.56 Clay CL/CH stiff 125 12 100 0.84 >10
228 75 16.58 571 Clay CL/CH stiff 125 13 a5 0.95 >10
245 80 17.99 5.72 Clay CL/CH very stiff 125 14 95 1.03 >10
260 85 18.67 521 Clay CL/CH vary stiff 125 15 80 1.07 >10
275 90 19.02 5.07 Clay CL/CH very stiff 125 15 80 1.08 >10
290 95 20.58 4.59 Clay CL/CH very stiff 125 16 a5 1.18 >10
3.056 10.0 17.46 4.91 Clay CUCH stiff 125 14 S0 1.00 >10
320 105 15.45 4,14 Clay CL/CH stiff 125 12 90 0.88 >10
335 110 13.83 3.83 Silty Clay to Clay CL stiff 125 B 95 0.79 >10
350 115 13.83 4,23 Clay CL/CH stiff 125 1 100 0.78 >10
365 120 18.01 4.65 Clay CL/CH very stiff 125 14 95 1.02 >10
380 125 18.70 5.83 Clay CL/CH vary stiff 125 15 100 1.06 >10
385 13.0 18.01 5.35 Clay CL/ICH vary stiff 125 14 100 1.02 >10
413 135 17.38 515 Clay CL/CH stiff 125 14 100 0.99 >10
428 140 14.93 5.20 Clay CL/CH stiff 125 12 100 0.84 9.59
443 145 15.49 4,86 Clay CL/CH stiff 125 12 100 0.87 >10
458 15.0 18.22 4,65 Clay CL/CH very stiff 125 15 100 1.03 >10
473 155 22.11 4,64 Clay CL/ICH very stiff 125 18 90 1.26 >10
488 16.0 19.85 4,92 Clay CL/ICH very stiff 125 16 100 1.13 >10
503 185 19.77 4.96 Clay CLICH very stiff 125 16 100 1.12 >10
518 17.0 18.38 5.96 Clay CL/CH very stiff 125 15 100 1.04 >10
533 175 17.64 5.69 Clay CL/CH stiff 125 14 100 0.99 9.79
548 180 25.50 4.80 Clay CLICH very stiff 125 20 90 1.45 >10
565 185 32.47 3.36 Clayey Silt to Silty Clay ML/CL very stiff 120 13 75 1.86 >10
580 19.0 13.48 436 Clay CL/CH stiff 125 11 100 0.75 5.53
595 195 18.41 4.55 Clay CL/CH very stiff 125 15 100 1.03 9.00
610 200 22,07 5.36 Clay CL/ICH very stiff 125 18 100 1.25 >10
6.25 205 24,57 5.40 Clay CL/CH very stiff 125 20 100 1.40 >10
640 21.0 26.18 6.13 Clay CL/CH very stiff 125 21 100 1.48 >10
655 215 2324 6.19 Clay CL/ICH very stiff 125 19 100 1.31 >10
670 220 2266 5.55 Clay CL/ICH very stiff 125 18 100 1.28 >10
685 225 26.25 6.97 Clay CL/CH very stiff 125 21 100 1.48 >10
7.00 230 2511 6.17 Clay CL/CH very stiff 125 20 100 1.42 >10
718 235 2218 6.48 Clay CL/CH very sliff 125 18 100 1.25 >10
733 240 21.09 6.24 Clay CU/CH very stiff 125 17 100 1.18 8.70
748 245 2354 7.51 Clay CL/ICH very stiff 125 19 100 1.33 >10
763 250 21.31 6.90 Clay CL/CH very stiff 125 17 100 1.18 8.41
7.78 255 18.21 6.87 Clay CL/ICH very stiff 125 15 100 1.01 6.21
793 260 15.91 6.78 Clay CL/CH stiff 125 13 100 0.88 4.89
808 265 13.54 5.59 Clay CL/CH stiff 125 11 100 0.74 3.66
823 270 11.78 5.53 Clay CL/CH stiff 125 9 100 0.63 3.00
838 275 14.48 5.56 Clay CL/CH stiff 125 12 100 0.79 3.91
853 280 16.02 5.84 Clay CL/CH stiff 125 13 100 0.88 4.47
868 285 15.04 5.37 Clay CL/CH stiff 125 12 100 0.82 3.91
885 290 20.58 6.98 Clay CL/CH very stiff 125 16 100 1.15 6.43
9.00 295 16.05 6.66 Clay CL/CH stiff 125 13 100 0.88 4.18
915 30,0 4448 3.37 Clayey Silt to Silty Clay ML/CL hard 120 18 75 2.55 >10
930 305 27.03 5.86 Clay CL/CH very stiff 125 22 100 1.82 9.79
945 31.0 2488 4.56 Clay CL/CH very stiff 125 20 100 1.39 8.14
960 315 17.85 4.68 Clay CL/CH stiff 125 14 100 0.98 4,57
975 320 21.43 4.98 Clay CL/ICH very stiff 125 17 100 1.18 6.00
9980 325 19.94 5.01 Clay CL/CH very stiff 125 16 100 1.10 5.21
10.05 330 2167 6.03 Clay CUCH very stiff 125 17 100 1.20 5.88
10.20 335 17.08 5.96 Clay CL/ICH stiff 125 14 100 0.83 3.91
10.38 340 13.75 592 Clay CL/CH stiff 125 1 100 0.73 2,91
10.53 34,5 14,75 5.27 Clay CL/CH stiff 125 12 100 0.79 3.14
10.68 35.0 17.80 4.91 Clay CL/CH stiff 125 14 100 0.87 3.91
10.83 355 18.50 4.45 Clay CL/ICH very stiff 125 16 100 1.07 4,47
1088 360 20.06 4.23 Silty Clay to Clay CL very stiff 125 1 100 1.10 6.00
1113 365 23.73 5.01 Clay CL/CH very stiff 125 18 100 1.82 6.00
11.28 37.0 26.37 5.33 Clay CL/CH very stiff 125 21 100 1.47 6.88
11.43 375 29.22 523 Clay CL/CH very stiff 125 23 100 1.64 8.14
1158 3B0 28.26 4.00 Silty Clay to Clay CL very stiff 125 16 100 1.58 >10
11.73 385 26.29 3.66 Clayey Silt to Silty Clay ML/CL vary stiff 120 11 100 1.46 >10




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Fro!ect: Heber 2 Re&mr Project - Heber, CA Project Na: LE18075 Date: 5/2/2007
CONE SOUNDING: CPT-4
Est. GWT {ft): 8 Phi Carralation: 0 0-Schm(78),1-R&C(83),2-PHT(74)

Base Base Avg Avg Est Est. Rel. Nk: 17
Depth Depth Tip Friction Soil Density or Density  SPT Norm. % Dens. Phi Su

(m) {ft) Qc, tsf  Ratio, % Classification USCS Consiatency (pcf) N(60) Qcin Fines Dr {%) {deg.) (tsf) OCR
11.88 30.0 24,98 3.19 Clayey Slit to Silty Clay ML/CL very stiff 120 10 100 1.38 >10
12.05 385 2362 3.00 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.30 >10
12.20 400 21.78 2.80 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.20 8.27
1235 405 17.57 2.75 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.95 5.53
1250 41.0 19.10 2.36 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.04 6.32
1265 415 2254 2.42 Clayey Silt to Silty Clay ML/CL vary stiff 120 9 100 1.24 8.27
12.80 420 23.41 3.23 Clayey Silt to Silty Clay ML/CL very stiff 120 ] 100 1.29 8.70
1285 425 22,05 3.08 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.21 7.70
1310 430 2146 2,78 Clayey Silt to Silty Clay ML/CL vary stiff 120 ] 100 1.17 7.13
1325 435 2221 3.76 Silty Clay to Clay CL vary stiff 125 13 100 1.21 5.42
1340 440 2269 3.76 Slity Clay to Ciay CL very stiff 125 13 100 1.24 5.53
1358 445 25.69 2.81 Clayey Silt to Slity Clay ML/CL very stiff 120 10 100 1.42 9.58
13,73 450 26.50 2.66 Clayey Silt to Siity Clay MUCL very stiff 120 1" 100 1.46 >10
1388 455 2522 266  Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 8.85
1403 46.0 24.83 3.10 Clayey Silt to Silty Clay MLU/CL very stiff 120 10 100 1.36 8.41
1418 465 18.88 2.93 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.01 5.21
14.33 470 18.43 2,64 Clayey Sllt to Silty Clay ML/CL very stiff 120 8 100 1.05 5.31
1448 475 2240 3.08 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.22 6.85
1483 480 23.12 2.75 Clayey Silt ta Silty Clay ML/CL very stiff 120 9 100 1.26 7.00
1478 485 18.84 1.38 Sandy Silt to Clayey Silt ML very loose 115 5 14.1 100 15 30
1493 48.0 1877 1.78 Sandy Silt to Clayey Silt ML very loose 115 5 13.9 100 14 30
1510 495 21.59 273 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.17 6.00

15,25 50.0 23.82 3.12 Clayey Slit to Silty Clay ML/CL very stiff 120 10 100 1.30 6.88




CLIENT: Ormat Nevada Inc CONE PENETROMETER: Middle Earth Geotesting Truck Mounted Electric
PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

LOCATION: See Site and Boring Location Plan DATE: 5/2/2007

CONE SOUNDING DATA CPT-5

INTERPRETED SOIL PROFILE Tip Reaistance (tsf) Sleeve Friction (tsf) Eriction Ratio
From Robertson and Campanella (1988
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CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Repower Project - Heber, CA

LANDMARK CONSULTANTS, INC,

Project No: LE19075

Date: 5/2/2007

CONE SOUNDING:  CPT-5
Est. GWT (tt): 8 Phi Comelation: 0 0-Schm(78),1-R&C(83),2-PHT(74)

Base Base Avg Avg Est Est. Rel. Nk: 17
Depth Depth Tip Friction Soil Density or Density  SPT Norm. % Dena. Phi Su

(m) (ft) Qc, tsf  Ratio, % Classification USCS Consistancy {pcf) N(60) Qcin Fines Dr (%) (de%) (tsf) OCR
015 05 85.14 1.61 Silty Sand to Sandy Silt SM/ML very dense 115 19 161.0 25 130 46

030 1.0 120.36 2.66  Silty Sand to Sandy Silt SMML very dense 115 27 227.5 30 124 45

045 1.5 72,28 213  Silty Sand to Sandy Siit SM/ML very dense 115 16 136.6 30 101 42

0.60 2.0 116.67 1.12  Sand to Silty Sand SP/SM very dense 115 21 220.6 15 110 43

076 25 138.05 1.48  Sand to Silty Sand SP/SM very dense 115 25 261.0 15 111 44

093 30 11713 1.76  Silty Sand to Sandy Silt SMML very dense 115 25 221.4 20 104 42

1.08 35 81.23 212 Slity Sand to Sandy Silt SMML very dense 115 18 153.5 30 90 41

123 4.0 74.63 212 Silty Sand to Sandy Silt SM/ML dense 115 17 141.1 30 86 40

1.38 45 34.90 3.0  Clayey Silt fo Silty Clay ML/CL hard 120 14 60 2,04 >10
153 50 13.76 545  Clay CUCH stiff 125 11 100 0.79 >10
168 55 7.57 7.44  Clay CLICH firm 125 6 100 0.43 >10
1.83 6.0 5.99 €88 Clay CL/ICH fim 125 5 100 0.33 6.10
198 65 9.47 4.51 Clay CL/CH stiff 125 8 100 0.54 >10
213 7.0 11.68 4.84 Clay CU/CH stiff 125 9 100 0.66 >10
228 75 14.81 537 Clay CL/CH stiff 125 12 95 0.85 >10
245 8.0 13.05 528  Clay CL/ICH stiff 125 10 100 0.74 >10
260 B85 13.41 540 Clay CL/CH stiff 125 1 100 0.76 >10
275 80 15.40 5.21 Clay CL/CH stiff 125 12 95 0.88 >10
290 95 18.24 486  Clay CL/CH very stiff 125 15 85 1.04 >10
3.05 100 17.48 450  Clay CU/ICH stiff 125 14 90 1.00 >10
320 105 16.07 415  Clay CL/CH stiff 125 13 90 0.91 >10
335 11.0 1334 3.48  Silty Clay to Clay CcL stiff 125 8 95 0.756 >10
350 115 1252 3.24  Silty Clay to Clay cL stiff 125 7 95 0.70 >10
365 120 1883 3.91 Silty Clay to Clay CL very stiff 125 1 85 1.08 >10
380 125 3115 4.38  Silty Clay to Clay CcL very stiff 125 18 75 1.80 >10
395 130 18.46 478  Clay CL/CH very stiff 125 16 95 1.11 >10
413 135 17.74 474 Clay CL/CH very stiff 125 14 100 1.01 >10
428 140 17.58 434 Clay CL/CH stiff 125 14 95 1.00 >10
443 145 21.21 518  Clay CL/CH very sliff 125 17 95 1.21 >10
458 150 2043 483 Clay CL/ICH very stiff 125 16 95 1.16 >10
473 155 20.79 475 Clay CL/CH very stiff 125 17 95 1.18 >10
488 160 1B8.89 575 Clay CLICH very stiff 125 15 100 1.07 >10
503 165 2341 488  Clay CL/ICH very stiff 125 19 95 1.33 >10
518 17.0 2358 534 Clay CL/CH very stiff 125 18 95 1.34 >10
533 175 2327 4.98  Clay CL/CH very stiff 125 18 95 1.32 >10
548 180 22.18 5.13 Clay CLICH very stiff 125 18 100 1.26 >10
565 185 20.81 5.10 Clay CLICH very stiff 125 17 100 1.18 >10
580 190 1578 492  Clay CL/CH stiff 125 13 100 0.88 7.13
595 195 16.08 523  Clay CL/ICH stiff 125 13 100 0.90 7.00
610 200 2281 6.58  Clay CL/ICH very stiff 125 18 100 1.29 >10
625 205 28.53 6.30 Clay CL/CH very stiff 125 23 100 1.63 >10
640 21.0 28.99 6.06 Clay CL/CH very stiff 125 23 100 1.65 >10
6.55 215 2482 6.26 Clay CUCH very stiff 125 20 100 1.41 >10
6.70 220 18.48 579  Clay CUCH very stiff 125 15 100 1.03 7.70
6.85 225 1841 589  Clay CL/ICH very stiff 125 15 100 1.03 7.41
7.00 230 1586 6.46  Clay CL/ICH stiff 125 13 100 0.88 5.76
718 235 4663 4.62  Silty Clay to Clay CcL hard 125 27 75 2,69 >10
7.33 240 47.00 4.48  Silty Clay to Clay cL hard 125 27 75 271 >10
7.48 245 2327 4867 Clay CUCH very stiff 125 19 100 1.31 >10
7.63 250 21.09 534 Clay CU/CH very stiff 125 17 100 1.18 8.27
7.78 255 21.71 585  Clay CL/CH very stiff 125 17 100 1.22 a.41
7.93 260 19.90 547 Clay CL/CH very stiff 125 16 100 1.1 7.00
B.0B 265 20.78 5.59 Clay CL/ICH vary stiff 125 17 100 1.16 741
B23 270 2198 544  Clay CL/CH very stiff 125 18 100 1.23 8.00
838 275 20.73 553  Clay CL/CH very stiff 125 17 100 1.16 6.88
8,53 280 20.36 5.62 Clay CL/CH very stiff 125 16 100 1.13 6.54
868 285 1999 6.1 Clay CUCH very stiff 125 16 100 1.11 6.21
885 290 1833 549  Clay CL/CH very stiff 125 15 100 1.01 5.31
900 285 17.78 6.27 Clay CL/CH stiff 125 14 100 0.98 4.88
915 30,0 29.76 5.16 Clay CL/CH very stiff 125 24 100 1.68 >10
8.30 305 25,36 6.14 Clay CL/CH very stiff 125 20 100 1.42 8.56
845 31.0 25.65 6.08 Clay CL/ICH vary stiff 125 21 100 1.44 8.56
9.60 315 2499 6.1 Clay CL/CH very stiff 125 20 100 1.40 8.00
975 320 2442 583 Clay CL/ICH very stiff 125 20 100 1.37 741
9.90 325 25.69 5.42 Clay CL/CH very stiff 125 21 100 1.44 8.00
10.05 33.0 28.43 5.06 Clay CL/ICH very stiff 125 21 100 1.48 8,27
10.20 335 24.95 5.31 Clay CLICH very stiff 125 20 100 1.39 7.27
10.38 340 2288 562  Clay CUCH very stiff 125 18 100 1.27 6.21
10.63 345 2551 540 Clay CL/CH very sliff 125 20 100 1.42 7.27
10.68 350 27.31 456  Silty Clay to Clay CL very stiff 125 16 100 1.53 >10
1083 355 30.04 455  Silty Clay to Clay CcL very stiff 125 17 100 1.68 >10
10.98 360 28.52 452 Silty Clay to Clay cL very stiff 125 17 100 1.66 >10
11.13 365 30.25 4.64 Silty Clay to Clay cL very stiff 125 17 100 1.70 >10
1128 370 2938 4,68  Silty Clay to Clay cL very stiff 125 17 100 1.65 >10
1143 375 2760 422  Silty Clay to Clay CL very stiff 125 16 100 1.54 >10
11.58 3B.0 27.92 4.11 Silty Clay to Clay CL very stiff 125 16 100 1.56 >10
11.73 385 28.57 3.77 Clayey Sl to Silty Clay ML/CL very stiff 120 11 100 1.60 >10




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Re, r Project - Heber, CA Project No: LE‘i_QD?S Date: 5/2/2007
CONE SOUNDING: CPT-5
Est. GWT (fty 8 Phl Comrelation '] 0-Schm(78),1-R&C(83),2-PHT(74)

Base Base Avg Avg Est Est. Rel. Nk: 17
Depth Depth Tip Friction Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc.tsf  Ratio, % Classification USCS Consistency (pcf) N(60) Qcin Fines Dr (%) (dag.) {tsf) OCR
11.88 38.0 24.82 3.37 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.36 >10
1205 3985 2228 3.04 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 8.70
1220 40.0 24864 3.45 Clayey Silt to Sty Clay MLCL very stiff 120 10 100 1.36 >10
1235 405 41.78 4.14 Clayey Silt to Silty Clay ML/CL hard 120 17 95 2.37 >10
1250 41.0 64.96 3.22 Sandy Silt to Clayey Silt ML medium dense 115 19 51.8 70 53 35
1265 415 32.37 3.75 Clayey Silt to Sty Clay MLU/CL very etiff 120 13 100 1.82 >10
12.80 42.0 22.75 3.82 Silty Clay to Clay CL vary stiff 125 13 100 1.2 6.00
1295 425 22.78 3.20 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.25 B.14
13.10 430 19.79 3.62 Silty Clay o Clay cL very stiff 125 1 100 1.07 4.57
13.25 435 23.86 3.91 Silty Clay to Clay CcL very stiff 125 14 100 1.31 6.10
13.40 44.0 24,93 3.00 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.37 9,19
13.58 445 23.46 2.65 Clayey Siit to Silty Clay ML/CL very stiff 120 9 100 1.29 8.00
13.73 450 21.13 2.78 Clayey Silt to Silty Clay MUCL very stiff 120 8 100 1.15 6.54
13.88 455 19.10 2.73 Clayey Slit to Silty Clay ML/CL vary stiff 120 B 100 1.03 5.42
14.03 46.0 19.63 2.23 Clayey Siit to Sty Clay ML/CL very stiff 120 3] 100 1.08 5.65
14.18 465 18.74 212 Clayey Silt to Silty Clay MuCL very stiff 120 7 100 1.01 5.10
1433 470 18.93 2.49 Clayey Silt to Slity Clay ML/CL very stiff 120 8 100 1.02 5.10
1448 475 18.85 2.42 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.01 5.00
14.63 48.0 17.53 2.38 Clayey Silt to Silty Clay ML/CL sliff 120 7 100 0.93 4.37
14.78 485 16.01 2.08 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3.74
14.93 490 20.91 1.36 Sandy Silt to Clayey Silt ML very loose 115 6 165 100 17 30
15.10 495 17.28 1.76  Sandy Silt to Clayey Silt ML very loose 115 5 12.8 100 12 30
15.25 50.0 13.85 1.98 Clayey Slit {o Silty Clay ML/CL stiff 120 [:] 100 0.71 3.00




Simplified Soil Classification Chart
After Robertson & Campanella (1989)

Geotechnical Parameters from CPT Data:
Equivalent SPT N(60) blow count = Qc/(Qc/N Ratio)

100C3 T T N1(80) = Cn*N(60) Normalized SPT blow count
410 {[ 4 Cn =1/(p'0)*0.5 < 1.6 max. from Liao & Whitman (1986)
] Y 1 p'o = effective overburden pressure (tsf) using unit densities
"g - - given below and estimated groundwater table.
f 100 Dr = Relative density (%) from Jamiolkowski et. al. (1986) relationship
:,-" o =1 = -9B +68°log(Qc/p'0*0.5) where Qc, p'o in tonne/sqm
e 7 d Note: 1 tonne/sqm = 0.1024 tsf, 1 bar =1.0443 tsf
E 7 Phi = Friction Angle estimated from either:
= 1 1. Roberton & Campanella (1983) chart:
[ ] ICI-,_ Phi = 5.3 + 24*(log(Qc/p'0))+3(log(Qc/p'o))*2
2 3 2. Peck, Hansen & Thornbum (1874) N-Phi Carmrelation
8 3. Schmertman (1978) chart [Phi = 28+0.14*Dr for fine uniform sands]
- Su = undrained shear strength (tsf)
' = (Qc-p'o)/Nk where Nk varies from 10 to 22, 17 for OC clays
5§ 2 3 4 3 5 7 OCR = Overconsolidation Ratio estimated from Schmertman (1978)
FRICTION 2ATIC (%] chart using Su/p'o ratio and estimated normal consolidated Su/p'o
Variation of Qc/N Ratio with Grain Size
10
9 — Robertson & Campanella (1985) Relationship L — T XX
g - m==-- Adopted relationship for Imperial Valley ¢
7 — X All Imperial Valley Sites (Est. D50) i i - I J >>§= L
6 — ® Youd & Bennet )1983) Imperial Valley Sites * " \ skl
5 — ® Imperial Valley Sites with Lab DS0 | - 1L i . ji !
”,
T T 4
4
4 ol (Erauelly Sand to Sﬂnd
B Sand
3 1 Sandto Silty Sand |
Silty Sand to Sandy Silt
2 @ Szg dy Silt ta%am Sijt— :
ayey Silt to Silty Cla
1 e B :
0 } Clay |
0.0001 0.001 0.01 0.1 1
Note: Assumed Properties and Adopted Qc/N Ratio based on correlations fram Imperial Valley, Califomia soils
Table of Soil Types and Assumed Properties
Soll Density R&C Adopted Est, Fines D50 Su
Zone Classification UCcs (pch) Qc/N Qc/N Pl (%) {mm) (ts) Cansistency
1 Sensitive fine grained ML 120 2 2 NP-15 65-100 0.02 0-0.13 very soft
2 Organic Material OL/OH 120 1 1 - - - 0.13-25 soft
3 Clay CL/CH 125 1 1.25 25-40+ 90-100 0.002 0.25-0.5 fim
4 Silty Clay to Clay CL 125 1.5 2 15-40 90-100 0.01 0.5-1.0 stiff
5 Clayey Siit to Silty Clay ML/CL 120 2 275 25-May 90-100 0.02 1.0-2.0 very stiff
6 Sandy Silt to Clayey Silt ML 115 2.5 3.5 NP-10 65-100 0.04 >2.0 hard
7 Silty Sand to Sandy Silt SM/ML 115 3 NP 35-75 0.075 Dr (%) Relative Density
8 Sand to Silty Sand SP/SM 115 4 6 NP May-35 0.15 0-15  very loose
9 Sand sP 110 5 6.5 NP 0-5 0.3 15-35 loose
10 Gravelly Sand to Sand sw 115 6 7.5 NP 0-5 0.6 3565 medium dense
11 Overconsolidated Soil - 120 1 1 NP 90-100 0.01 65-85 dense
12 Sand to Clayey Sand SP/SC 115 2 2 NP-5 - — >85  verydense
i.l M
Geo-Engineers and Gedlogists
Plate
Project No: LE19075 Key to CPT Interpretation of Logs B-6
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Landmark Consultants, Inc.
ANI] ARK 780 N. 4th Street
El Centro, CA 92243

LIQUEFACTION ANALYSIS REPORT

Project title : Heber 2 Repower Project Location : Heber, CA
CPT file : CPT-1
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 8.00 ft Use fill: No Clay like behavior
Fines correction method: NCEER (1998) G.W.T. (earthq.): 8.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,;  7.00 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: N/A
Peak ground acceleration:  0.50 Unit weight calculation: Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
0 0 - -
27 24
4- 41
6 61
- - A 4
8 8 During eakhg.
10+ 104
12+ 12+
14+ 14
16 164
18- 184
20+ 20
-g ..2: 22:
£ 24 24
Q 26 26
28 28+
30+ 30
324 324
34+ 34
36 36
38 384
40+ 404
42+ 424
44 44
46~ 46
48+ 48]
50 T T e A e —TTTT
50 100 0 2 4 6 8 10 1 2 3 4 4] 0.2 0.4 0.6 0 0.5 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
w=7"/2, sigma’=1 atm base curve Summary of Ilquefactlon potentlal
0.8 IR TR TR (/SNNET SO SONNT NN (S TS SN SN W TR TR N M N T 1,000' (R l.llllll
Liquefaction

Normalized CPT penetration resistance

Cyclic Stress Ratio* (CSR*)

LI D R A I Bt S S S SR S I S

1
Normalized friction ratio (%)

Zone A,: Cyclic liguefaction likely depending on size and duration of cyclic loading
Zane A;: Cyclic liqusfaction and strength loss likely depending on loading and ground

LN S S s S

No Liquefaction

geometry

U L SR B L (e L 0 L L 0 Zone B: Liquefaction and post-earthquake strength Icss unllkely. check cycllcsonenlng
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possibl ding on soil pl
Qtn,cs brittleness/sensitivity, strain to peak undrained strength and gruund geomelry
CLig v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:33 AM 1

Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Lig.clg
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-1

1: Post-earthquake settlement due to soil liquefaction ::

Depth Qunes FS ey (%) DF  Settlement Depth Qe FS ev (%) DF  Settlement
(v (in) 0] (in)
8.04 119.97 2.00 0.00 0.86 0.00 8.20 118.98 2.00 0.00 0.86 0.00
8.37 118.57 2.00 0.00 0.86 0.00 8.53 116.33 2.00 0.00 0.86 0.00
8.69 111.11 2.00 0.00 0.85 0.00 8.86 105.42 2.00 0.00 0.85 0.00
9.02 103.12 2.00 0.00 0.85 0.00 9.19 106.12 2.00 0.00 0.84 0.00
9.35 114.80 2.00 0.00 0.84 0.00 9.51 129.15 2.00 0.00 0.84 0.00
9.68 142.81 2.00 0.00 0.84 0.00 9.84 155.83 2.00 0.00 0.83 0.00
10.01 158.63 2.00 0.00 0.83 0.00 10.17 154.96 2.00 0.00 0.83 0.00
10.33 145.30 2.00 0.00 0.82 0.00 10.50 138.73 2.00 0.00 0.82 0.00
10.66 137.47 2.00 0.00 0.82 0.00 10.83 136.96 2.00 0.00 0.82 0.00
10.99 137.99 2.00 0.00 0.81 0.00 11.15 137.59 2.00 0.00 0.81 0.00
11.32 134.89 2.00 0.00 0.81 0.00 11.48 129.13 2.00 0.00 0.81 0.00
11.65 123.50 2.00 0.00 0.80 0.00 11.81 121.19 2.00 0.00 0.80 0.00
11.98 119.62 2.00 0.00 0.80 0.00 12.14 117.79 2.00 0.00 0.79 0.00
12.30 113.63 2,00 0.00 0.79 0.00 12.47 115.50 2.00 0.00 0.79 0.00
12.63 123.82 2.00 0.00 0.79 0.00 12.80 132.97 2,00 0.00 0.78 0.00
12.96 139.15 2.00 0.00 0.78 0.00 13.12 139.59 2.00 0.00 0.78 0.00
13.29 136.63 2.00 0.00 0.77 0.00 13.45 131.74 2.00 0.00 0.77 0.00
13.62 130.26 2.00 0.00 0.77 0.00 13.78 134.95 2.00 0.00 0.77 0.00
13.94 140.91 2.00 0.00 0.76 0.00 14.11 145.02 2.00 0.00 0.76 0.00
14.27 146.42 2.00 0.00 0.76 0.00 14.44 144.79 2.00 0.00 0.76 0.00
14.60 141.29 2.00 0.00 0.75 0.00 14.76 138.10 2.00 0.00 0.75 0.00
14.93 137.24 2.00 0.00 0.75 0.00 15.09 138.96 2.00 0.00 0.74 0.00
15.26 139.60 2.00 0.00 0.74 0.00 15.42 140.43 2.00 0.00 0.74 0.00
15.58 139.21 2.00 0.00 0.74 0.00 15.75 140.96 2.00 0.00 0.73 0.00
15.91 141.85 2.00 0.00 0.73 0.00 16.08 145.91 2.00 0.00 0.73 0.00
16.24 147.66 2.00 0.00 0.72 0.00 16.40 149.68 2.00 0.00 0.72 0.00
16.57 145.56 2.00 0.00 0.72 0.00 16.73 140.89 2.00 0.00 0.72 0.00
16.90 134.62 2.00 0.00 0.71 0.00 17.06 136.61 2.00 0.00 0.71 0.00
17.22 140.20 2.00 0.00 0.71 0.00 17.39 146.14 2.00 0.00 071 0.00
17.55 148.16 2.00 0.00 0.70 0.00 17.72 144.49 2.00 0.00 0.70 0.00
17.88 139.25 2.00 0.00 0.70 0.00 18.04 138.26 2,00 0.00 0.69 0.00
18.21 144,57 2.00 0.00 0.69 0.00 18.37 151.78 2.00 0.00 0.69 0.00
18.54 154.52 2.00 0.00 0.69 0.00 18.70 153.95 2.00 0.00 0.68 0.00
18.86 153.12 2.00 0.00 0.68 0.00 19.03 151.55 2.00 0.00 0.68 0.00
19.19 150.73 2.00 0.00 0.67 0.00 19.36 148.04 2.00 0.00 0.67 0.00
19.52 147.69 2.00 0.00 0.67 0.00 19.69 151.40 2.00 0.00 0.67 0.00
19.85 154.31 2.00 0.00 0.66 0.00 20.01 150.07 2.00 0.00 0.66 0.00
20.18 135.86 2.00 0.00 0.66 0.00 20.34 119.17 2.00 0.00 0.66 0.00
20.51 104.85 2.00 0.00 0.65 0.00 20.67 104.13 2.00 0.00 0.65 0.00
20.83 114,48 2,00 0.00 0.65 0.00 21,00 131.00 2.00 0.00 0.64 0.00
21.16 142.62 2.00 0.00 0.64 0.00 21.33 149.15 2.00 0.00 0.64 0.00
21.49 153.07 2.00 0.00 0.64 0.00 21.65 154.99 2.00 0.00 0.63 0.00
21.82 156.00 2.00 0.00 0.63 0.00 21.98 152.30 2.00 0.00 0.63 0.00
22.15 154.57 2.00 0.00 0.62 0.00 22.31 156.68 2.00 0.00 0.62 0.00
22.47 159.95 2.00 0.00 0.62 0.00 22.64 157.92 2.00 0.00 0.62 0.00
22.80 160.98 2.00 0.00 0.61 0.00 22.97 169.52 2.00 0.00 0.61 0.00
23.13 176.91 2.00 0.00 0.61 0.00 23.29 178.34 2.00 0.00 0.61 0.00
23.46 174.45 2.00 0.00 0.60 0.00 23.62 171.54 2.00 0.00 0.60 0.00
CLiq v.2.2.0.32 - CPT Liguefaction Assessment Software ~ Report created on: 5/22/2019, 7:39:33 AM 4

Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Lig.clg



This software is licensed to: Landmark Consultants, Inc CPT name: CPT-1

:1 Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qum,cs FS e (%) DF  Settlement Depth Qm,cs FS ev (%) DF  Settlement
(9] (in) (f) (in)
23.79 172.69 2.00 0.00 0.60 0.00 23.95 175.54 2.00 0.00 0.59 0.00
24.11 175.55 2.00 0.00 0.59 0.00 24.28 168.97 2.00 0.00 0.59 0.00
24.44 157.41 2.00 0.00 0.59 0.00 24.61 146.69 2.00 0.00 0.58 0.00
24.77 140.58 2.00 0.00 0.58 0.00 24,93 139.79 2.00 0.00 0.58 0.00
25.10 139.62 2.00 0.00 0.57 0.00 25.26 138.81 2.00 0.00 0.57 0.00
25.43 136.75 2.00 0.00 0.57 0.00 25.59 133.88 2.00 0.00 0.57 0.00
25.75 129.01 2.00 0.00 0.56 0.00 25.92 123.09 2.00 0.00 0.56 0.00
26.08 121.15 2.00 0.00 0.56 0.00 26.25 124.71 2.00 0.00 0.56 0.00
26.41 127.90 2.00 0.00 0.55 0.00 26.57 128.10 2.00 0.00 0.55 0.00
26.74 126.91 2.00 0.00 0.55 0.00 26.90 128.06 2.00 0.00 0.54 0.00
27.07 129.48 2.00 0.00 0.54 0.00 27.23 128.59 2.00 0.00 0.54 0.00
27.40 126.11 2.00 0.00 0.54 0.00 27.56 122.56 2.00 0.00 0.53 0.00
272.72 119.14 2.00 0.00 0.53 0.00 27.89 116.40 2.00 0.00 0.53 0.00
28.05 117.08 2.00 0.00 0.52 0.00 28.22 116.67 2.00 0.00 0.52 0.00
28.38 118.11 2.00 0.00 0.52 0.00 28.54 118.18 2.00 0.00 0.52 0.00
28.71 118.83 2.00 0.00 0.51 0.00 28.87 118.78 2.00 0.00 0.51 0.00
29.04 120.47 2.00 0.00 0.51 0.00 29.20 126.00 2.00 0.00 0.51 0.00
29.36 131.40 2.00 0.00 0.50 0.00 29.53 135.95 2.00 0.00 0.50 0.00
29.69 136.80 2.00 0.00 0.50 0.00 29.86 135.40 2.00 0.00 0.49 0.00
30.02 131.15 2.00 0.00 0.49 0.00 30.18 127.34 2.00 0.00 0.49 0.00
30.35 121.69 2.00 0.00 0.49 0.00 30.51 115.70 2.00 0.00 0.48 0.00
30.68 111.80 2.00 0.00 0.48 0.00 30.84 112.22 2.00 0.00 0.48 0.00
31.00 112.33 2.00 0.00 0.47 0.00 31.17 111.25 2.00 0.00 0.47 0.00
31.33 112.16 2.00 0.00 0.47 0.00 31.50 114.87 2.00 0.00 0.47 0.00
31.66 114.02 2.00 0.00 0.46 0.00 31.82 110.25 2.00 0.00 0.46 0.00
31.99 108.73 2.00 0.00 0.46 0.00 32.15 112.92 2.00 0.00 0.46 0.00
32.32 116.75 2.00 0.00 0.45 0.00 32.48 119.82 2.00 0.00 0.45 0.00
32.64 120.23 2.00 0.00 0.45 0.00 32.81 121.28 2.00 0.00 0.44 0.00
32.97 120.46 2.00 0.00 0.44 0.00 33.14 117.67 2.00 0.00 0.44 0.00
33.30 111.47 2.00 0.00 0.44 0.00 33.46 105.37 2.00 0.00 0.43 0.00
33.63 100.20 2.00 0.00 0.43 0.00 33.79 95.08 2.00 0.00 0.43 0.00
33.96 90.37 2.00 0.00 0.42 0.00 34.12 87.91 2.00 0.00 0.42 0.00
34.28 90.52 2.00 0.00 0.42 0.00 34.45 96.32 2.00 0.00 0.42 0.00
34.61 99.51 2.00 0.00 0.41 0.00 34.78 99.39 2.00 0.00 0.41 0.00
34.94 95.45 2.00 0.00 0.41 0.00 35.10 92.69 2.00 0.00 0.41 0.00
35.27 91.26 2.00 0.00 0.40 0.00 35.43 95.67 2.00 0.00 0.40 0.00
35.60 104.11 2.00 0.00 0.40 0.00 35.76 111.84 2,00 0.00 0.39 0.00
35.93 115.82 2.00 0.00 0.39 0.00 36.09 116.17 2.00 0.00 0.39 0.00
36.25 118.60 2.00 0.00 0.39 0.00 36.42 122.19 2.00 0.00 0.38 0.00
36.58 126.65 2.00 0.00 0.38 0.00 36.75 127.95 2.00 0.00 0.38 0.00
36.91 123.10 2.00 0.00 0.37 0.00 37.07 114.03 2.00 0.00 0.37 0.00
37.24 104.72 2.00 0.00 0.37 0.00 37.40 98.46 2.00 0.00 0.37 0.00
37.57 91.59 2.00 0.00 0.36 0.00 37.73 82.25 2.00 0.00 0.36 0.00
37.89 70.62 2.00 0.00 0.36 0.00 38.06 60.48 2.00 0.00 0.35 0.00
38.22 63.21 2.00 0.00 0.35 0.00 38.39 76.34 2.00 0.00 0.35 0.00
38.55 91.11 2.00 0.00 0.35 0.00 38.71 98.86 2.00 0.00 0.34 0.00
38.88 99.34 2.00 0.00 0.34 0.00 39.04 95.61 2.00 0.00 0.34 0.00
39.21 86.80 2.00 0.00 0.34 0.00 39.37 76.19 2.00 0.00 0.33 0.00
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-1

:: Post-earthquake settiement due to soil liquefaction :: (continued)

Depth Qm,cs FS ey (%) DF  Settlement Depth Qum,cs FS ev (%) DF  Settlement
(o) (in) (ft) (in)
39.53 64.64 2.00 0.00 0.33 0.00 39.70 60.43 2.00 0.00 0.33 0.00
39.86 58.79 2.00 0.00 0.32 0.00 40.03 58.19 2.00 0.00 0.32 0.00
40.19 55.59 2.00 0.00 0.32 0.00 40.35 57.57 2.00 0.00 0.32 0.00
40.52 62.98 2.00 0.00 0.31 0.00 40.68 69.67 2,00 0.00 0.31 0.00
40.85 73.76 2.00 0.00 0.31 0.00 41.01 74.59 2.00 0.00 0.30 0.00
41.17 72.68 2.00 0.00 0.30 0.00 41.34 69.91 2.00 0.00 0.30 0.00
41.50 66.62 2.00 0.00 0.30 0.00 41.67 63.67 2.00 0.00 0.29 0.00
41.83 58.22 2.00 0.00 0.29 0.00 41.99 56.51 2.00 0.00 0.29 0.00
42.16 59.31 2.00 0.00 0.29 0.00 42.32 68.96 2.00 0.00 0.28 0.00
42.49 76.21 2.00 0.00 0.28 0.00 42.65 79.83 2.00 0.00 0.28 0.00
42.81 78.47 2.00 0.00 0.27 0.00 42.98 75.37 2.00 0.00 0.27 0.00
43.14 72.19 2.00 0.00 0.27 0.00 43.31 72.07 2.00 0.00 0.27 0.00
43.47 73.96 2.00 0.00 0.26 0.00 43.64 75.40 2,00 0.00 0.26 0.00
43.80 74.08 2.00 0.00 0.26 0.00 43.96 71.55 2.00 0.00 0.25 0.00
44.13 69.30 2.00 0.00 0.25 0.00 44.29 68.40 2.00 0.00 0.25 0.00
44.46 68.25 2.00 0.00 0.25 0.00 44.62 67.81 2.00 0.00 0.24 0.00
44.78 65.86 2.00 0.00 0.24 0.00 44.95 62.49 2.00 0.00 0.24 0.00
45.11 59.84 2.00 0.00 0.24 0.00 45.28 59.58 2.00 0.00 0.23 0.00
45.44 61.66 2.00 0.00 0.23 0.00 45.60 63.62 2.00 0.00 0.23 0.00
45.77 63.78 2.00 0.00 0.22 0.00 45.93 62.47 2.00 0.00 0.22 0.00
46.10 62.45 2.00 0.00 0.22 0.00 46.26 63.43 2.00 0.00 0.22 0.00
46.42 64.80 2,00 0.00 0.21 0.00 46.59 63.69 2.00 0.00 0.21 0.00
46.75 62.33 2.00 0.00 0.21 0.00 46.92 61.14 2.00 0.00 0.20 0.00
47.08 60.30 2.00 0.00 0.20 0.00 47.24 58.40 2.00 0.00 0.20 0.00
47.41 57.02 2.00 0.00 0.20 0.00 47.57 56.85 2.00 0.00 0.19 0.00
47.74 57.68 2.00 0.00 0.19 0.00 47.90 57.58 2.00 0.00 0.19 0.00
48.06 57.06 2.00 0.00 0.19 0.00 48.23 56.18 2.00 0.00 0.18 0.00
48.39 55.57 2.00 0.00 0.18 0.00 48.56 54.87 2.00 0.00 0.18 0.00
48.72 54.42 2.00 0.00 0.17 0.00 48.88 54.29 2.00 0.00 0.17 0.00
49.05 53.61 2.00 0.00 0.17 0.00 49.21 51.61 2,00 0.00 0.17 0.00
49.38 49.82 2.00 0.00 0.16 0.00 49.54 49.51 2.00 0.00 0.16 0.00
49.70 49.89 2,00 0.00 0.16 0.00 49.87 54.16 2.00 0.00 0.15 0.00

50.03 57.29 2.00 0.00 0.15 0.00

Total estimated settlement: 0.00

Abbreviations

Qun,cs! Equivalent clean sand normalized cone resistance
FS: Factor of safety against liquefaction

ey (%): Post-liquefaction volumentric strain

DF: ey depth weighting factor

Settlement: Calculated settlement
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Landmark Consultants, Inc.
AN]] ARK 780 N. 4th Street
El Centro, CA 92243

Project title : Heber 2 Repower Project Location : Heber, CA

CPT file : CPT-2
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 8.00 ft Use fill: No Clay like behavior
Fines correction method: NCEER (1998) G.W.T. (earthq.): 8.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,  7.00 Ic cut-off value: 2,60 Trans. detect. applied: Yes Limit depth: N/A
Peak ground acceleration:  0.50 Unit weight calculation: Based on SBT K, applied: Yes MSF method: Method based
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-2

:: Post-earthquake settlement due to soil liquefaction ::

Depth Qm,cs FS ev (%) DF  Settlement Depth Qu,cs FS ev (%) DF  Settlement
9] (in) (ft) (in)
8.04 87.36 2.00 0.00 0.86 0.00 8.20 87.19 2.00 0.00 0.86 0.00
8.37 96.18 2.00 0.00 0.86 0.00 8.53 106.38 2.00 0.00 0.86 0.00
8.69 112.48 2.00 0.00 0.85 0.00 8.86 110.89 2.00 0.00 0.85 0.00
9.02 111.02 2.00 0.00 0.85 0.00 9.19 116.47 2.00 0.00 0.84 0.00
9.35 122.07 2.00 0.00 0.84 0.00 9.51 124.70 2.00 0.00 0.84 0.00
9.68 124.57 2.00 0.00 0.84 0.00 9.84 125.67 2.00 0.00 0.83 0.00
10.01 128.65 2.00 0.00 0.83 0.00 10.17 133.81 2.00 0.00 0.83 0.00
10.33 139.27 2.00 0.00 0.82 0.00 10.50 141.24 2.00 0.00 0.82 0.00
10.66 140.53 2.00 0.00 0.82 0.00 10.83 137.12 2.00 0.00 0.82 0.00
10.99 132.08 2.00 0.00 0.81 0.00 11.15 125.69 2.00 0.00 0.81 0.00
11.32 121.22 2.00 0.00 0.81 0.00 11.48 118.55 2.00 0.00 0.81 0.00
11.65 114.78 2.00 0.00 0.80 0.00 11.81 114.47 2.00 0.00 0.80 0.00
11.98 117.86 2.00 0.00 0.80 0.00 12.14 123.32 2.00 0.00 0.79 0.00
12.30 124.95 2.00 0.00 0.79 0.00 12.47 126.35 2.00 0.00 0.79 0.00
12.63 127.12 2.00 0.00 0.79 0.00 12.80 126.75 2.00 0.00 0.78 0.00
12.96 128.67 2.00 0.00 0.78 0.00 13.12 137.01 2.00 0.00 0.78 0.00
13.29 146.43 2.00 0.00 0.77 0.00 13.45 152.65 2.00 0.00 0.77 0.00
13,62 152.23 2.00 0.00 0.77 0.00 13.78 150.77 2.00 0.00 0.77 0.00
13.94 149.69 2.00 0.00 0.76 0.00 14.11 147.77 2.00 0.00 0.76 0.00
14.27 143.23 2.00 0.00 0.76 0.00 14.44 134.40 2.00 0.00 0.76 0.00
14.60 130.85 2.00 0.00 0.75 0.00 14.76 131.78 2.00 0.00 0.75 0.00
14.93 137.68 2,00 0.00 0.75 0.00 15.09 141.06 2.00 0.00 0.74 0.00
15.26 142.59 2.00 0.00 0.74 0.00 15.42 140.26 2.00 0.00 0.74 0.00
15.58 137.71 2.00 0.00 0.74 0.00 15.75 138.11 2.00 0.00 0.73 0.00
15.91 142.76 2.00 0.00 0.73 0.00 16.08 148.65 2.00 0.00 0.73 0.00
16.24 151.42 2.00 0.00 0.72 0.00 16.40 149.65 2.00 0.00 0.72 0.00
16.57 142.62 2.00 0.00 0.72 0.00 16.73 137.02 2.00 0.00 0.72 0.00
16.90 134.47 2.00 0.00 0.71 0.00 17.06 136.99 2.00 0.00 0.71 0.00
17.22 140.40 2.00 0.00 0.71 0.00 17.39 144.16 2.00 0.00 0.71 0.00
17.55 147.16 2.00 0.00 0.70 0.00 17.72 147.34 2.00 0.00 0.70 0.00
17.88 145.63 2.00 0.00 0.70 0.00 18.04 142.20 2.00 0.00 0.69 0.00
18.21 137.49 2.00 0.00 0.69 0.00 18.37 134.79 2.00 0.00 0.69 0.00
18.54 135.52 2.00 0.00 0.69 0.00 18.70 138.83 2.00 0.00 0.68 0.00
18.86 142.10 2.00 0.00 0.68 0.00 19.03 147.42 2.00 0.00 0.68 0.00
19.19 153.72 2.00 0.00 0.67 0.00 19.36 155.93 2.00 0.00 0.67 0.00
19.52 149.47 2.00 0.00 0.67 0.00 19.69 138.34 2.00 0.00 0.67 0.00
19.85 130.61 2.00 0.00 0.66 0.00 20.01 127.39 2.00 0.00 0.66 0.00
20.18 126.45 2.00 0.00 0.66 0.00 20.34 122.79 2.00 0.00 0.66 0.00
20.51 120.62 2.00 0.00 0.65 0.00 20.67 123.16 2.00 0.00 0.65 0.00
20.83 132.56 2.00 0.00 0.65 0.00 21.00 144.81 2.00 0.00 0.64 0.00
21.16 158.42 2.00 0.00 0.64 0.00 21.33 169.86 2.00 0.00 0.64 0.00
21.49 175.02 2.00 0.00 0.64 0.00 21.65 173.22 2.00 0.00 0.63 0.00
21.82 164.99 2.00 0.00 0.63 0.00 21.98 158.59 2.00 0.00 0.63 0.00
22.15 151.83 2.00 0.00 0.62 0.00 22.31 144.28 2.00 0.00 0.62 0.00
22.47 133.91 2.00 0.00 0.62 0.00 22.64 122.50 2.00 0.00 0.62 0.00
22.80 113.97 2.00 0.00 0.61 0.00 22.97 115.77 2.00 0.00 0.61 0.00
23.13 130.82 2.00 0.00 0.61 0.00 23.29 142.43 2.00 0.00 0.61 0.00
23.46 145.56 2.00 0.00 0.60 0.00 23.62 138.07 2.00 0.00 0.60 0.00
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-2

it Post-earthquake settiement due to soil liquefaction :: (continued)

Depth Qun,cs FS e (%) DF  Settlement Depth Qu,es Fs ey (%) DF  Settlement
(1) (im) (ft) (im)
23.79 137.78 2.00 0.00 0.60 0.00 23.95 142.26 2.00 0.00 0.59 0.00
24.11 152.61 2.00 0.00 0.59 0.00 24.28 157.26 2.00 0.00 0.59 0.00
24.44 157.24 2.00 0.00 0.59 0.00 24.61 149.93 2.00 0.00 0.58 0.00
24.77 142,55 2.00 0.00 0.58 0.00 24,93 143.51 2.00 0.00 0.58 0.00
25.10 149.66 2.00 0.00 0.57 0.00 25.26 152.78 2.00 0.00 0.57 0.00
25.43 148.83 2.00 0.00 0.57 0.00 25.59 143.18 2.00 0.00 0.57 0.00
25.75 139.46 2.00 0.00 0.56 0.00 25.92 135.62 2.00 0.00 0.56 0.00
26.08 133.19 2.00 0.00 0.56 0.00 26.25 130.04 2.00 0.00 0.56 0.00
26.41 126.80 2.00 0.00 0.55 0.00 26.57 123.29 2.00 0.00 0.55 0.00
26.74 124,77 2.00 0.00 0.55 0.00 26.90 128.04 2.00 0.00 0.54 0.00
27.07 127.87 2.00 0.00 0.54 0.00 27.23 124.65 2.00 0.00 0.54 0.00
27.40 123.42 2.00 0.00 0.54 0.00 27.56 125.82 2.00 0.00 0.53 0.00
27.72 129.41 2.00 0.00 0.53 0.00 27.89 132.22 2.00 0.00 0.53 0.00
28.05 136.18 2.00 0.00 0.52 0.00 28.22 139.19 2.00 0.00 0.52 0.00
28.38 139.58 2.00 0.00 0.52 0.00 28.54 136.40 2.00 0.00 0.52 0.00
28.71 132.41 2.00 0.00 0.51 0.00 28.87 131.90 2.00 0.00 0.51 0.00
29.04 133.41 2.00 0.00 0.51 0.00 29.20 135.88 2.00 0.00 0.51 0.00
29.36 139.24 2.00 0.00 0.50 0.00 29.53 144,11 2.00 0.00 0.50 0.00
29.69 147.91 2.00 0.00 0.50 0.00 29.86 148.75 2.00 0.00 0.49 0.00
30.02 146.27 2.00 0.00 0.49 0.00 30.18 143.95 2.00 0.00 0.49 0.00
30.35 143.23 2.00 0.00 0.49 0.00 30.51 146.19 2.00 0.00 0.48 0.00
30.68 150.88 2.00 0.00 0.48 0.00 30.84 153.31 2.00 0.00 0.48 0.00
31.00 153.80 2.00 0.00 0.47 0.00 31.17 154.28 2,00 0.00 0.47 0.00
31.33 157.57 2.00 0.00 0.47 0.00 31.50 153.01 2.00 0.00 0.47 0.00
31.66 154.59 2.00 0.00 0.46 0.00 31.82 152.70 2.00 0.00 0.46 0.00
31.99 155.75 2.00 0.00 0.46 0.00 32.15 151.09 2.00 0.00 0.46 0.00
32.32 147.83 2.00 0.00 0.45 0.00 32.48 145.76 2.00 0.00 0.45 0.00
32.64 140.14 2.00 0.00 0.45 0.00 32.81 133.97 2.00 0.00 0.44 0.00
32.97 130.32 2.00 0.00 0.44 0.00 33.14 132.24 2.00 0.00 0.44 0.00
33.30 133.70 2.00 0.00 0.44 0.00 33.46 131.98 2.00 0.00 0.43 0.00
33.63 130.38 2.00 0.00 0.43 0.00 33.79 132.66 2.00 0.00 0.43 0.00
33.96 137.36 2.00 0.00 0.42 0.00 34.12 139.02 2.00 0.00 0.42 0.00
34.28 136.49 2.00 0.00 0.42 0.00 34.45 134.01 2.00 0.00 0.42 0.00
34.61 131.99 2.00 0.00 0.41 0.00 34.78 130.99 2.00 0.00 0.41 0.00
34.94 124.05 2.00 0.00 0.41 0.00 35.10 106.18 2.00 0.00 0.41 0.00
35.27 108.32 2.00 0.00 0.40 0.00 35.43 116.24 2.00 0.00 0.40 0.00
35.60 131.29 2.00 0.00 0.40 0.00 35.76 128.43 2.00 0.00 0.39 0.00
35.93 124.20 2.00 0.00 0.39 0.00 36.09 120.99 2.00 0.00 0.39 0.00
36.25 118.67 2.00 0.00 0.39 0.00 36.42 117.46 2.00 0.00 0.38 0.00
36.58 116.41 2.00 0.00 0.38 0.00 36.75 114.96 2.00 0.00 0.38 0.00
36.91 112.18 2.00 0.00 0.37 0.00 37.07 109.16 2.00 0.00 0.37 0.00
37.24 108.67 2.00 0.00 0.37 0.00 37.40 109.91 2.00 0.00 0.37 0.00
37.57 113.02 2.00 0.00 0.36 0.00 37.73 115.42 2.00 0.00 0.36 0.00
37.89 118.48 2.00 0.00 0.36 0.00 38.06 120.42 2.00 0.00 0.35 0.00
38.22 120.97 2.00 0.00 0.35 0.00 38.39 120.42 2.00 0.00 0.35 0.00
38.55 119.67 2.00 0.00 0.35 0.00 38.71 118.51 2.00 0.00 0.34 0.00
38.88 117.61 2.00 0.00 0.34 0.00 39.04 115.20 2.00 0.00 0.34 0.00
39.21 110.80 2.00 0.00 0.34 0.00 39.37 105.70 2.00 0.00 0.33 0.00
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-2

:: Post-earthquake settiement due to soil liquefaction :: (continued)

Depth
(!
39.53
39.86
40.19
40.52
40.85
41.17
41.50
41.83
42.16
42.49
42.81
43.14
43.47
43.80
44,13
44.46
44.78
45.11
45.44
45.77
46.10
46.42
46.75
47.08
47.41
47.74
48.06
48.39
48.72
49,05
49.38
49.70
50.03

Qmes

101.48
96.59
97.13
98.88
92.14
84.35
77.39
76.40
75.61
68.05
69.47
75.84
75.02
74.31
74,60
80.54
90.93
93.73
89.03
80.93
74.24
68.07
63.06
63.25
64.30
69.90
69.62
64.48
67.11
63.01
63.70
65.40
60.76

Abbreviations
Equivalent clean sand normalized cone resistance

Settement:

Factor of safety against liquefaction
Post-liquefaction volumentric strain
e depth weighting factor
Calculated settlement

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
031
0.30
0.30
0.29
0.29
0.28
0.27
0.27
0.26
0.26
0.25
0.25
0.24
0.24
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
0.17
0.16
0.16
0.15

Settlement
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth

(1)

39.70
40.03
40.35
40.68
41.01
41.34
41.67
41.99
42.32
42.65
42.98
43.31
43.64
43.96
44,29
44.62
44.95
45.28
45.60
45.93
46.26
46.59
46.92
47.24
47.57
47.90
48.23
48.56
48.88
49,21
49.54
49.87

Qu,es

98.49
95.67
98.64
96.83
88.77
81.40
76.16
76.66
71.98
66.80
73.47
76.24
74.38
74.98
76.20
86.78
93.24
92.65
84.92
77.69
71.34
65.10
62.80
63.50
66.85
71.36
66.49
65.33
66.06
61.74
65.97
62.98

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2,00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.30
0.30
0.29
0.29
0.28
0.28
0.27
0.27
0.26
0.25
0.25
0.24
0.24
0.23
0.23
0.22
0.22
0.21
0.20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.16
0.15

Settlement

(im)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total estimated settlement: 0.00

CLig v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:34 AM
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Landmark Consultants, Inc.
AN“ AHK 780 N. 4th Street
El Centro, CA 92243

Geo-Engineers and Geologists

LIQUEFACTION ANALYSIS REPORT

Project title : Heber 2 Repower Project Location : Heber, CA
CPT file : CPT-3
Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 8.00 ft Use fill: No Clay like behavior

Fines correction method: NCEER (1998) G.W.T. (earthq.): 8.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval; 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,;:  7.00 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: N/A

Peak ground acceleration:  0.50 Unit weight calculation: Based on SBT K. applied: Yes MSF method: Method based

Cone resistance Friction Ratio BTn Plot CRR plot FS Plot

2

A 4
During eakhq.

28
304

344

50 T T T
50 00 150 0 2 4 6 8 10 1 2
gt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety

50

3 4 4] 0.2 0.4 0.6 0 0.5 1 1.5 2

;.,=7” 2, sigma’'=1 atm ba‘se curve Summary of liquefaction potential
i I i 1 i 1 1 1 A il

s s 5 s PR [ T T Lotiil T T O

0.8 A== - 1,000 :
Liquefaction ; .
- M ol p N
& R .

. 100 g
0.5 : . ., !
0.4 X e < .
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0.2 , J

] 0.1 1 ] 10
0.1 Normalized friction ratio (%)

: Zone Ay: Cyclic liquefaction likely depending on size and durafion of cyclic loading

No Liquefaction Zane A,: Cyclic liquefaction and strength loss likely depending on loading and ground

(=]
=~
Lo i s
N

LN B e B e

IR T T A0 TN A Y T ST 0 Y WY
LI e
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Normalized CPT penetration resistance

Cydic Stress Ratio* (CSR*)

LENL S S B BB B A A

geomelry

L L L B L L IS S S B B Zane B: Liquefaction and post-earthquake strength loss unlikely, check cyclic sofiening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtn,cs britlleness/sensitivity, strain to peak undrained strength and ground geometry
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-3

it Post-earthquake settlement due to soil liquefaction ::

Depth Qun,es Fs ev (%) DF  Settlement Depth Ques FS e (%) DF  Settlement
(f) (in) ] (in)
8.04 105.22 2.00 0.00 0.86 0.00 8.20 98.09 2.00 0.00 0.86 0.00
8.37 89.48 2.00 0.00 0.86 0.00 8.53 84.06 2.00 0.00 0.86 0.00
8.69 85.12 2.00 0.00 0.85 0.00 8.86 93.40 2.00 0.00 0.85 0.00
9.02 99.67 2.00 0.00 0.85 0.00 9.19 104.91 2.00 0.00 0.84 0.00
9.35 106.95 2.00 0.00 0.84 0.00 9.51 115.87 2.00 0.00 0.84 0.00
9.68 128.34 2.00 0.00 0.84 0.00 9.84 137.59 2.00 0.00 0.83 0.00
10.01 139.16 2.00 0.00 0.83 0.00 10.17 135.75 2.00 0.00 0.83 0.00
10.33 134.00 2.00 0.00 0.82 0.00 10.50 136.19 2.00 0.00 0.82 0.00
10.66 138.03 2.00 0.00 0.82 0.00 10.83 138.95 2.00 0.00 0.82 0.00
10.99 137.77 2.00 0.00 0.81 0.00 11.15 136.64 2.00 0.00 0.81 0.00
11.32 132.10 2.00 0.00 0.81 0.00 11.48 125.76 2,00 0.00 0.81 0.00
11.65 120.13 2.00 0.00 0.80 0.00 11.81 120.19 2.00 0.00 0.80 0.00
11.98 125.19 2.00 0.00 0.80 0.00 12.14 132.55 2.00 0.00 0.79 0.00
12.30 140.53 2.00 0.00 0.79 0.00 12.47 151.43 2.00 0.00 0.79 0.00
12.63 157.43 2.00 0.00 0.79 0.00 12.80 158.94 2.00 0.00 0.78 0.00
12.96 155.22 2.00 0.00 0.78 0.00 13.12 152.28 2.00 0.00 0.78 0.00
13.29 151.52 2.00 0.00 0.77 0.00 13.45 152.54 2.00 0.00 0.77 0.00
13.62 152.19 2.00 0.00 0.77 0.00 13.78 153.09 2.00 0.00 0.77 0.00
13.94 154.64 2.00 0.00 0.76 0.00 14.11 156.69 2.00 0.00 0.76 0.00
14.27 155.45 2.00 0.00 0.76 0.00 14.44 149.53 2.00 0.00 0.76 0.00
14.60 141.82 2.00 0.00 0.75 0.00 14.76 137.16 2.00 0.00 0.75 0.00
14.93 132.83 2.00 0.00 0.75 0.00 15.09 128.46 2.00 0.00 0.74 0.00
15.26 120.02 2.00 0.00 0.74 0.00 15.42 114.98 2.00 0.00 0.74 0.00
15.58 115.12 2.00 0.00 0.74 0.00 15.75 121.64 2.00 0.00 0.73 0.00
15.91 125.61 2.00 0.00 0.73 0.00 16.08 126.76 2.00 0.00 0.73 0.00
16.24 125.34 2.00 0.00 0.72 0.00 16.40 122.47 2.00 0.00 0.72 0.00
16.57 116.72 2.00 0.00 0.72 0.00 16.73 112.12 2.00 0.00 0.72 0.00
16.90 113.22 2.00 0.00 0.71 0.00 17.06 120.49 2.00 0.00 0.71 0.00
17.22 126.45 2.00 0.00 0.71 0.00 17.39 130.53 2.00 0.00 0.71 0.00
17.55 132.64 2.00 0.00 0.70 0.00 17.72 135.99 2.00 0.00 0.70 0.00
17.88 137.42 2.00 0.00 0.70 0.00 18.04 136.58 2.00 0.00 0.69 0.00
18.21 132.83 2.00 0.00 0.69 0.00 18.37 131.91 2.00 0.00 0.69 0.00
18.54 132.44 2.00 0.00 0.69 0.00 18.70 132.83 2.00 0.00 0.68 0.00
18.86 132.94 2.00 0.00 0.68 0.00 19.03 132.94 2.00 0.00 0.68 0.00
19.19 135.47 2.00 0.00 0.67 0.00 19.36 134.98 2,00 0.00 0.67 0.00
19.52 132.82 2.00 0.00 0.67 0.00 19.69 129.87 2.00 0.00 0.67 0.00
19.85 126.97 2.00 0.00 0.66 0.00 20.01 123.39 2.00 0.00 0.66 0.00
20.18 116.87 2.00 0.00 0.66 0.00 20.34 109.55 2.00 0.00 0.66 0.00
20.51 105.52 2.00 0.00 0.65 0.00 20.67 105.35 2.00 0.00 0.65 0.00
20.83 107.65 2.00 0.00 0.65 0.00 21.00 108.62 2.00 0.00 0.64 0.00
21.16 112.61 2.00 0.00 0.64 0.00 21.33 117.42 2.00 0.00 0.64 0.00
21.49 121.92 2.00 0.00 0.64 0.00 21.65 125.67 2.00 0.00 0.63 0.00
21.82 129.09 2.00 0.00 0.63 0.00 21.98 130.92 2.00 0.00 0.63 0.00
22.15 132.02 2.00 0.00 0.62 0.00 22.31 133.84 2.00 0.00 0.62 0.00
22.47 140.34 2.00 0.00 0.62 0.00 22.64 144.51 2.00 0.00 0.62 0.00
22.80 149.71 2.00 0.00 0.61 0.00 22.97 152.21 2.00 0.00 0.61 0.00
23.13 158.62 2.00 0.00 0.61 0.00 23.29 164.29 2.00 0.00 0.61 0.00
23.46 163.34 2.00 0.00 0.60 0.00 23.62 149.57 2.00 0.00 0.60 0.00
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-3
i1 Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qe FS ey (%) DF Settlement Depth Qs FS ey (%) DF Settlement
(f) (in) (ft) (in)
23.79 137.21 2.00 0.00 0.60 0.00 23.95 138.01 2.00 0.00 0.59 0.00
24.11 142.14 2.00 0.00 0.59 0.00 24.28 141.20 2.00 0.00 0.59 0.00
24.44 130.89 2.00 0.00 0.59 0.00 24.61 121.03 2.00 0.00 0.58 0.00
24.77 117.62 2.00 0.00 0.58 0.00 24.93 121.38 2.00 0.00 0.58 0.00
25.10 126.27 2.00 0.00 0.57 0.00 25.26 130.22 2.00 0.00 0.57 0.00
25.43 129.59 2.00 0.00 0.57 0.00 25.59 131.09 2.00 0.00 0.57 0.00
25.75 135.18 2.00 0.00 0.56 0.00 25.92 139.49 2.00 0.00 0.56 0.00
26.08 139.40 2.00 0.00 0.56 0.00 26.25 137.13 2.00 0.00 0.56 0.00
26.41 133.24 2.00 0.00 0.55 0.00 26.57 128.22 2.00 0.00 0.55 0.00
26.74° 120.94 2.00 0.00 0.55 0.00 26.90 117.65 2.00 0.00 0.54 0.00
27.07 123.39 2.00 0.00 0.54 0.00 27.23 130.15 2.00 0.00 0.54 0.00
27.40 134.00 2.00 0.00 0.54 0.00 27.56 130.29 2.00 0.00 0.53 0.00
27.72 125.72 2.00 0.00 0.53 0.00 27.89 123.53 2.00 0.00 0.53 0.00
28.05 123.09 2.00 0.00 0.52 0.00 28.22 121.41 2.00 0.00 0.52 0.00
28.38 117.09 2.00 0.00 0.52 0.00 28.54 111,50 2.00 0.00 0.52 0.00
28.71 108.31 2.00 0.00 0.51 0.00 28.87 107.69 2.00 0.00 0.51 0.00
29.04 112.56 2.00 0.00 0.51 0.00 29.20 119.74 2.00 0.00 0.51 0.00
29.36 125,93 2.00 0.00 0.50 0.00 29,53 127.06 2,00 0.00 0.50 0.00
29.69 126.51 2.00 0.00 0.50 0.00 29.86 125,39 2.00 0.00 0.49 0.00
30.02 129.92 2.00 0.00 0.49 0.00 30.18 135.27 2.00 0.00 0.49 0.00
30.35 140.32 2.00 0.00 0.49 0.00 30.51 137.30 2.00 0.00 0.48 0.00
30.68 129.14 2.00 0.00 0.48 0.00 30.84 120.95 2,00 0.00 0.48 0.00
31.00 116.56 2.00 0.00 0.47 0.00 31.17 119,19 2.00 0.00 0.47 0.00
31.33 123.11 2.00 0.00 0.47 0.00 31.50 131.51 2.00 0.00 0.47 0.00
31.66 140.19 2.00 0.00 0.46 0.00 31.82 148.00 2.00 0.00 0.46 0.00
31.99 151.97 2.00 0.00 0.46 0.00 32.15 151.52 2.00 0.00 0.46 0.00
32.32 145.89 2.00 0.00 0.45 0.00 32.48 138.22 2.00 0.00 0.45 0.00
32.64 131.44 2.00 0.00 0.45 0.00 32.81 126.66 2.00 0.00 0.44 0.00
32.97 120.92 2.00 0.00 0.44 0.00 33.14 115.82 2,00 0.00 0.44 0.00
33.30 117.32 2.00 0.00 0.44 0.00 33.46 122.10 2.00 0.00 0.43 0.00
33.63 123.45 2.00 0.00 0.43 0.00 33.79 118.97 2.00 0.00 0.43 0.00
33.96 114.29 2.00 0.00 0.42 0.00 34.12 113.26 2.00 0.00 0.42 0.00
34.28 116.07 2.00 0.00 0.42 0.00 34.45 120.77 2.00 0.00 0.42 0.00
34.61 124.37 2.00 0.00 0.41 0.00 34.78 124.30 2.00 0.00 0.41 0.00
34.94 107.22 2.00 0.00 0.41 0.00 35.10 104.14 2.00 0.00 0.41 0.00
35.27 103.90 2.00 0.00 0.40 0.00 35.43 114,48 2.00 0.00 0.40 0.00
35.60 108.91 2.00 0.00 0.40 0.00 35.76 103.69 2.00 0.00 0.39 0.00
35.93 103.19 2.00 0.00 0.39 0.00 36.09 102.94 2.00 0.00 0.39 0.00
36.25 100.79 2.00 0.00 0.39 0.00 36.42 95.16 2.00 0.00 0.38 0.00
36.58 89.61 2.00 0.00 0.38 0.00 36.75 86.08 2.00 0.00 0.38 0.00
36.91 85.66 2.00 0.00 0.37 0.00 37.07 88.52 2,00 0.00 0.37 0.00
37.24 90.83 2.00 0.00 0.37 0.00 37.40 92.89 2.00 0.00 0.37 0.00
37.57 92.98 2.00 0.00 0.36 0.00 37.73 92.32 2.00 0.00 0.36 0.00
37.89 90.55 2.00 0.00 0.36 0.00 38.06 89.64 2.00 0.00 0.35 0.00
38.22 90.25 2.00 0.00 0.35 0.00 38.39 91.89 2.00 0.00 0.35 0.00
38.55 94.23 2.00 0.00 0.35 0.00 38.71 96.50 2.00 0.00 0.34 0.00
38.88 96.89 2.00 0.00 0.34 0.00 39.04 94.80 2.00 0.00 0.34 0.00
39.21 90.16 2.00 0.00 0.34 0.00 39.37 83.66 2.00 0.00 0.33 0.00
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-3

11 Post-earthquake settiement due to soil liquefaction :: (continued)

Depth
()

39.53
39.86
40.19
40.52
40.85
41.17
41.50
41.83
42.16
42.49
42.81
43.14
43.47
43.80
44.13
44.46
44.78
45.11
45.44
45.77
46.10
46.42
46.75
47.08
47.41
47.74
48.06
48.39
48.72
49,05
49.38
49.70
50.03

Qm,rs

76.97
68.91
81.13
103.75
110.91
118.91
103.67
88.04
92.83
78.72
71.84
75.58
73.64
76.92
81.06
85.95
83.55
77.10
7131
60.99
56.91
64.41
58.05
52.59
58.19
64.16
73.10
80.72
74.42
63.15
52.74
56.86
74.65

Abbreviations
Equivalent clean sand normalized cone resistance

Qtn,cs

FS:

ev (%):

DF:
Settlement:

Factor of safety against liquefaction
Post-liquefaction volumentric strain
e depth weighting factor
Calculated settlement

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.31
0.30
0.30
0.29
0.29
0.28
0.27
0.27
0.26
0.26
0.25
0.25
0.24
0.24
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
0.17
0.16
0.16
0.15

Settlement
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth

(f)

39.70
40.03
40.35
40.68
41.01
41.34
41.67
41.99
42.32
42.65
42.98
43.31
43.64
43.96
44.29
44,62
44,95
45.28
45.60
45.93
46.26
46.59
46.92
47.24
47.57
47.90
48.23
48.56
48.88
49.21
49.54
49.87

erl,rs

70.89
71.76
93.57
107.44
115.14
114.80
91.95
90.47
87.29
71.54
73.65
74.00
73.86
78.92
83.91
85.68
80.58
74.16
66.96
55.97
61.03
62.81
53.06
54.97
61.05
66.86
77.76
78.24
68.90
57.14
51.53
66.86

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.30
0.30
0.29
0.29
0.28
0.28
0.27
0.27
0.26
0.25
0.25
0.24
0.24
0.23
0.23
0.22
0.22
0.21
0.20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.16
0.15

Settlement

(in)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total estimated settlement: 0.00
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Geo-Engineers and Geologists

Landmark Consultants, Inc.
780 N. 4th Street
El Centro, CA 92243

Project title : Heber 2 Repower Project
: CPT-4

CPT file

Input parameters and analysis data

Location : Heber, CA

Analysis method: NCEER (1998) G.W.T. (in-situ): 8.00 ft Use fill: No Clay like behavior
Fines correction method: NCEER (1998) G.W.T. (earthq.): 8.00 ft Fill height: N/A applied: Sands only
Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No
Earthquake magnitude M,;:  7.00 Ic cut-off value: 2.60 Trans. detect. applied: Yes Limit depth: N/A
Peak ground acceleration:  0.50 Unit weight calculation: Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio SBTn Plot CRR plot FS Plot
] 0 i 0
24 2 27
4 4+ 4
61 6 6+ =
8- 8 8 During salha.
10+ 104 104
124 124 124
14 14+ 14
16 16 16+
184 18+ 18-
20+ 20 204
g 22: 22+ 22+
£ 24 24 24
o 26 26 26
28+ 28 284
30 304 30- |
32+ 321 324
34 34+ 344
364 36 36+
38 38+ 38+
40 40 40+
424 42 42
44 44 44+
46 46 46
481 48+ 48+
50 . 50 1T S0t——T——
50 10( 0 2 4 6 10 1 2 3 4 0 0.2 0.4 0.6 0 0.5 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,,=7'/2, sigma’'=1 atm base curve Summary of liquefaction potential
0.8 i i L 1 " 1 I 1 i L n 1 i i i i n L i 1,000 L i FH T N | .| _l |_|¢|||l
] Liquefaction 4
0.7 -8
- = T
i L
0.6 - 'é 1005
P [ %
2 ] L =}
£ 0.5 [ @
e ] - 2
B - =
] ]
& 0.4+ - O
0 ] - -]
0 g -3
L2 034 . E
] 5 - =]
& F- 8
0.2 i
] il 0.1 ) 1 10
0.1 i Normalized friction ratio (%)
] : Zone A;: Cyclic liquefaction likely depending an size and duration of cyclic loading
b No Liquefaction I Zane A, Cyclic liquefaction and strength loss likely depending on loading and ground
- geometry
LV i L L L L Zane B: Ligu ion and post-earthquake strength loss unlikely, chack cyclic softening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and sirength loss possible d ding on soil icil
Qtn,cs brittleness/sensilivity, strain 1o peak undrained strength and ground geometry
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-4

i1: Post-earthquake settlement due to soil liquefaction ::

Depth Qo,es FS ey (%) DF  Settlement Depth Qu,cs FS ev (%) DF  Settlement
(ft) (in) (ft) (in)
8.04 142.33 2.00 0.00 0.86 0.00 8.20 139.48 2.00 0.00 0.86 0.00
8.37 138.37 2.00 0.00 0.86 0.00 8.53 139.38 2.00 0.00 0.86 0.00
8.69 139.25 2,00 0.00 0.85 0.00 8.86 137.40 2.00 0.00 0.85 0.00
9.02 135.29 2.00 0.00 0.85 0.00 9.19 135,08 2.00 0.00 0.84 0.00
9.35 134.94 2.00 0.00 0.84 0.00 9.51 135.74 2,00 0.00 0.84 0.00
9.68 134.20 2.00 0.00 0.84 0.00 9.84 130.53 2.00 0.00 0.83 0.00
10.01 123.17 2.00 0.00 0.83 0.00 10.17 117.24 2.00 0.00 0.83 0.00
10.33 113.17 2.00 0.00 0.82 0.00 10.50 112.17 2.00 0.00 0.82 0.00
10.66 108.77 2.00 0.00 0.82 0.00 10.83 104.41 2.00 0.00 0.82 0.00
10.99 101.82 2.00 0.00 0.81 0.00 11.15 104.52 2.00 0.00 0.81 0.00
11.32 109.26 2.00 0.00 0.81 0.00 11.48 112.95 2.00 0.00 0.81 0.00
11.65 119.67 2.00 0.00 0.80 0.00 11.81 128.35 2.00 0.00 0.80 0.00
11.98 140.47 2.00 0.00 0.80 0.00 12.14 147.20 2.00 0.00 0.79 0.00
12.30 148.82 2.00 0.00 0.79 0.00 12.47 144.70 2.00 0.00 0.79 0.00
12.63 140.44 2.00 0.00 0.79 0.00 12.80 138.49 2.00 0.00 0.78 0.00
12.96 137.16 2,00 0.00 0.78 0.00 13.12 135.57 2.00 0.00 0.78 0.00
13.29 132.50 2,00 0.00 0.77 0.00 13.45 129.05 2.00 0.00 0.77 0.00
13.62 125.64 2.00 0.00 0.77 0.00 13.78 124.00 2.00 0.00 0.77 0.00
13.94 123.55 2.00 0.00 0.76 0.00 14.11 123.41 2.00 0.00 0.76 0.00
14.27 120.42 2.00 0.00 0.76 0.00 14.44 118.59 2.00 0.00 0.76 0.00
14.60 119.72 2.00 0.00 0.75 0.00 14.76 124.75 2.00 0.00 0.75 0.00
14.93 129.68 2.00 0.00 0.75 0.00 15.09 132.02 2.00 0.00 0.74 0.00
15.26 133.55 2.00 0.00 0.74 0.00 15.42 134.74 2,00 0.00 0.74 0.00
15.58 134.99 2.00 0.00 0.74 0.00 15.75 133.14 2.00 0.00 0.73 0.00
15.91 128.53 2.00 0.00 0.73 0.00 16.08 125.13 2.00 0.00 0.73 0.00
16.24 124.40 2.00 0.00 0.72 0.00 16.40 129.52 2.00 0.00 0.72 0.00
16.57 133.92 2.00 0.00 0.72 0.00 16.73 138.54 2.00 0.00 0.72 0.00
16.90 138.35 2.00 0.00 0.71 0.00 17.06 138.11 2.00 0.00 0.71 0.00
17.22 135.17 2.00 0.00 0.71 0.00 17.39 131.59 2.00 0.00 0.71 0.00
17.55 129.88 2.00 0.00 0.70 0.00 17.72 132.65 2,00 0.00 0.70 0.00
17.88 129.80 2.00 0.00 0.70 0.00 18.04 125.42 2.00 0.00 0.69 0.00
18.21 120.72 2.00 0.00 0.69 0.00 18.37 117.18 2.00 0.00 0.69 0.00
18.54 111,78 2.00 0.00 0.69 0.00 18.70 102.14 2.00 0.00 0.68 0.00
18.86 99.81 2.00 0.00 0.68 0.00 19.03 103.57 2.00 0.00 0.68 0.00
19.19 110.46 2.00 0.00 0.67 0.00 19.36 115.60 2.00 0.00 0.67 0.00
19.52 121.21 2.00 0.00 0.67 0.00 19.69 128.63 2,00 0.00 0.67 0.00
19.85 135.46 2.00 0.00 0.66 0.00 20.01 137.97 2.00 0.00 0.66 0.00
20.18 138.68 2.00 0.00 0.66 0.00 20.34 141.42 2.00 0.00 0.66 0.00
20.51 148.20 2.00 0.00 0.65 0.00 20.67 152.28 2.00 0.00 0.65 0.00
20.83 154.70 2.00 0.00 0.65 0.00 21,00 155.14 2,00 0.00 0.64 0.00
21.16 153.33 2.00 0.00 0.64 0.00 21.33 146.51 2,00 0.00 0.64 0.00
21.49 137.48 2.00 0.00 0.64 0.00 21.65 130.46 2.00 0.00 0.63 0.00
21.82 135.64 2.00 0.00 0.63 0.00 21.98 146.28 2.00 0.00 0.63 0.00
22,15 157.92 2.00 0.00 0.62 0.00 22.31 162.22 2.00 0.00 0.62 0.00
22.47 158.98 2.00 0.00 0.62 0.00 22.64 153.08 2.00 0.00 0.62 0.00
22.80 147.97 2.00 0.00 0.61 0.00 22.97 147.24 2.00 0.00 0.61 0.00
23.13 146.00 2.00 0.00 0.61 0.00 23.29 142.46 2.00 0.00 0.61 0.00
23.46 137.35 2,00 0.00 0.60 0.00 23.62 134.72 2.00 0.00 0.60 0.00
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-4

i Post-earthquake settiement due to soil liquefaction :: (continued)

Depth Qu,cs FS ey (%) DF Settlement Depth Qtes FS ey (%) DF Settlement
(ft) (in) (ft) (in)
23.79 135.51 2.00 0.00 0.60 0.00 23.95 140.30 2.00 0.00 0.59 0.00
24.11 148.28 2.00 0.00 0.59 0.00 24.28 155.88 2.00 0.00 0.59 0.00
24.44 157.27 2.00 0.00 0.59 0.00 24,61 150.21 2.00 0.00 0.58 0.00
24.77 141,21 2.00 0.00 0.58 0.00 24.93 135.75 2.00 0.00 0.58 0.00
25.10 133.99 2.00 0.00 0.57 0.00 25.26 129.44 2.00 0.00 0.57 0.00
25.43 124.86 2.00 0.00 0.57 0.00 25.59 121.99 2.00 0.00 0.57 0.00
25.75 119.46 2.00 0.00 0.56 0.00 25.92 114.39 2.00 0.00 0.56 0.00
26.08 108.01 2.00 0.00 0.56 0.00 26.25 102.56 2.00 0.00 0.56 0.00
26.41 98.09 2.00 0.00 0.55 0.00 26.57 94.88 2.00 0.00 0.55 0.00
26.74 93.00 2.00 0.00 0.55 0.00 26.90 92,55 2.00 0.00 0.54 0.00
27.07 94.48 2.00 0.00 0.54 0.00 27.23 98.16 2.00 0.00 0.54 0.00
27.40 102.11 2.00 0.00 0.54 0.00 27.56 105.58 2.00 0.00 0.53 0.00
27.72 108.32 2.00 0.00 0.53 0.00 27.89 108.90 2.00 0.00 0.53 0.00
28.05 105.70 2.00 0.00 0.52 0.00 28.22 101.01 2.00 0.00 0.52 0.00
28.38 101.21 2.00 0.00 0.52 0.00 28.54 109.35 2.00 0.00 0.52 0.00
28.71 122.45 2.00 0.00 0.51 0.00 28.87 132,20 2.00 0.00 0.51 0.00
29.04 132,26 2.00 0.00 0.51 0.00 29.20 122.61 2.00 0.00 0.51 0.00
29.36 113.45 2.00 0.00 0.50 0.00 29,53 108.45 2.00 0.00 0.50 0.00
29.69 112,51 2.00 0.00 0.50 0.00 29.86 122.10 0.47 0.98 0.49 0.02
30.02 134.00 0.57 0.90 0.49 0.02 30.18 139.79 2.00 0.00 0.49 0.00
30.35 134.38 2.00 0.00 0.49 0.00 30.51 125.58 2.00 0.00 0.48 0.00
30.68 118.58 2.00 0.00 0.48 0.00 30.84 113.67 2.00 0.00 0.48 0.00
31.00 107.11 2.00 0.00 0.47 0.00 31.17 101.29 2.00 0.00 0.47 0.00
31.33 99.19 2.00 0.00 0.47 0.00 31.50 101.98 2.00 0.00 0.47 0.00
31.66 105.65 2.00 0.00 0.46 0.00 31.82 110.41 2.00 0.00 0.46 0.00
31.99 112.05 2.00 0.00 0.46 0.00 32.15 110.51 2.00 0.00 0.46 0.00
32.32 106.64 2.00 0.00 0.45 0.00 32.48 106.90 2.00 0.00 0.45 0.00
32.64 113.40 2.00 0.00 0.45 0.00 32.81 120.33 2.00 0.00 0.44 0.00
32.97 120.02 2.00 0.00 0.44 0.00 33.14 113.57 2.00 0.00 0.44 0.00
33.30 105.91 2.00 0.00 0.44 0.00 33.46 102.21 2.00 0.00 0.43 0.00
33.63 98.16 2.00 0.00 0.43 0.00 33.79 94.29 2.00 0.00 0.43 0.00
33.96 92.81 2.00 0.00 0.42 0.00 34.12 94.31 2.00 0.00 0.42 0.00
34,28 92.55 2.00 0.00 0.42 0.00 34.45 90.14 2,00 0.00 0.42 0.00
34.61 91.88 2.00 0.00 0.41 0.00 34.78 97.81 2.00 0.00 0.41 0.00
34.94 99.81 2.00 0.00 0.41 0.00 35.10 98.30 2.00 0.00 0.41 0.00
35.27 96.86 2,00 0.00 0.40 0.00 35.43 97.74 2.00 0.00 0.40 0.00
35.60 97.15 2.00 0.00 0.40 0.00 35.76 95.38 2.00 0.00 0.39 0.00
35.93 94.33 2.00 0.00 0.39 0.00 36.09 98.44 2.00 0.00 0.39 0.00
36.25 106.57 2.00 0.00 0.39 0.00 36.42 116.11 2.00 0.00 0.38 0.00
36.58 121.17 2.00 0.00 0.38 0.00 36.75 121.27 2.00 0.00 0.38 0.00
36.91 118.99 2.00 0.00 0.37 0.00 37.07 118.97 2.00 0.00 0.37 0.00
37.24 121.97 2.00 0.00 0.37 0.00 37.40 122.80 2.00 0.00 0.37 0.00
37.57 119.74 2.00 0.00 0.36 0.00 37.73 112,21 2.00 0.00 0.36 0.00
37.89 105.81 2.00 0.00 0.36 0.00 38.06 101.75 2.00 0.00 0.35 0.00
38.22 99.67 2.00 0.00 0.35 0.00 38.39 97.89 2.00 0.00 0.35 0.00
38.55 95.90 2.00 0.00 0.35 0.00 38.71 93.10 2.00 0.00 0.34 0.00
38.88 89.59 2.00 0.00 0.34 0.00 39.04 86.60 2,00 0.00 0.34 0.00
39,21 85.25 2.00 0.00 0.34 0.00 39.37 84.76 2.00 0.00 0.33 0.00
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-4

11 Post-earthquake settiement due to soil liquefaction :: (continued)

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.31
0.30
0.30
0.29
0.29
0.28
0.27
0.27
0.26
0.26
0.25
0.25
0.24
0.24
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
0.17
0.16
0.16
0.15

Settlement
(in)
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Equivalent clean sand normalized cone resistance

Factor of safety against liquefaction
Post-liquefaction volumentric strain
ey depth weighting factor

Depth Qtn,es
(ft)

39.53 83.85
39.86 79.22
40.19 73.46
40.52 70.72
40.85 69.28
41.17 71.27
41.50 80.79
41.83 85.73
42.16 83.35
42.49 78.90
42.81 76.77
43.14 83.16
43.47 91.55
43.80 88.91
44.13 84.65
44,46 80.48
44,78 80.96
45.11 79.49
45.44 79.84
45.77 83.63
46.10 77.11
46.42 69.37
46.75 69.62
47.08 72.01
47.41 78.40
47.74 79.74
48.06 69.32
48.39 53.50
48.72 53.74
49.05 63.34
49.38 72.80
49.70 77.80
50.03 81.33

Abbreviations

Qum,cs

FS:

ev (%)

DF:

Settlement:

Calculated settlement

Depth

(fH)

39.70
40.03
40.35
40.68
41,01
41.34
41.67
41.99
42.32
42.65
42.98
43.31
43.64
43.96
44,29
44.62
44.95
45.28
45.60
45.93
46.26
46.59
46.92
47.24
47.57
47.90
48.23
48.56
48.88
49.21
49.54
49.87

Qm,cs

81.80
76.47
71.67
69.95
69.53
74.52
83.97
83.77
81.51
77.04
78.97
88.56
91.06
86.77
82.07
80.38
80.56
79.02
82.76
82.78
72.76
69.74
69.91
75.02
79.97
76.12
60.53
51.55
58.38
68.92
76.03
79.94

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.30
0.30
0.29
0.29
0.28
0.28
0.27
0.27
0.26
0.25
0.25
0.24
0.24
0.23
0.23
0.22
0.22
0.21
0.20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.16
0.15

Settlement

(im)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total estimated settlement: 0.04
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Landmark Consultants, Inc.
780 N. 4th Street
El Centro, CA 92243

Geo-Engineers and Geologists

Project title : Heber 2 Repower Project
CPT file : CPT-5

Location : Heber, CA

Input parameters and analysis data

Analysis method: NCEER (1998) G.W.T. (in-situ): 8.00 ft Use fill: No Clay like behavior

Fines correction method: NCEER (1998) G.W.T. (earthq.): 8.00 ft Fill height: N/A applied: Sands only

Points to test: Based on Ic value  Average results interval: 3 Fill weight: N/A Limit depth applied: No

Earthquake magnitude M,;;  7.00 Ic cut-off value: 2,60 Trans. detect. applied: Yes Limit depth: N/A

Peak ground acceleration:  0.50 Unit weight calculation: Based on SBT K, applied: Yes MSF method: Method based
Cone resistance Friction Ratio CRR plot FS Plot

SBTn Plot

0 0 0
2 24 2
4= 4+ 4+
6+ 6 6 -
87 e g During eakha.
104 104 104
124 124 124
14+ 144 14
16 1671 164
18+ 18+ 18-
20+ 20+ 20
227 22 22+
= 27 24 242
a 26 26 26
28+ 28 284
30+ 30 304
32 32+ 324
344 344 34+
36+ 36 36
384 384 Lk
40+ 40 40
42+ 42+ 424
44 44+ 44+
461 46+ 46
48+ 48+ 48+
50 T T S0t 50 — T
50 100 0 2 4 & 8 10 1 2 3 4 0 0.2 0.4 0.6 0 0.5 1 1.5 2
qt (tsf) Rf (%) Ic (Robertson 1990) CRR & CSR Factor of safety
M,,=7'/2, sigma’=1 atm base curve Summary of liquefaction potential
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] : Zone Ay: Cydlic liquefaction likely depending on size and duration of cyclic loading
b No Liquefaction 5 Zone Ay Cyclic liquefaction and strength loss likely depending on loading and ground
geomelry
L L L L LN L L L B L Zone B: Liquefaction and post-earihquake sirength loss unlikely, check cyclic saftening
0 20 40 60 80 100 120 140 160 180 200 Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
Qtn,cs britileness/sensitivity, strain fo peak undrained strength and ground geometry
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-5

1t Post-earthquake settlement due to soil liquefaction ::

Depth Ques FS e (%) DF  Settlement Depth Qm,es FS e, (%) DF  Settlement
(9] (in) ) (in)
8.04 119.22 2.00 0.00 0.86 0.00 8.20 120.85 2.00 0.00 0.86 0.00
8.37 121.77 2.00 0.00 0.86 0.00 8.53 121.74 2.00 0.00 0.86 0.00
8.69 123.66 2.00 0.00 0.85 0.00 8.86 127.30 2.00 0.00 0.85 0.00
9.02 130.40 2.00 0.00 0.85 0.00 9.19 130.61 2.00 0.00 0.84 0.00
9.35 129.25 2.00 0.00 0.84 0.00 9.51 127.22 2.00 0.00 0.84 0.00
9.68 125.93 2.00 0.00 0.84 0.00 9.84 124,71 2.00 0.00 0.83 0.00
10.01 123.50 2.00 0.00 0.83 0.00 10.17 120.59 2.00 0.00 0.83 0.00
10.33 115.49 2.00 0.00 0.82 0.00 10.50 108.81 2.00 0.00 0.82 0.00
10.66 102.72 2.00 0.00 0.82 0.00 10.83 97.88 2.00 0.00 0.82 0.00
10.99 94.40 2.00 0.00 0.81 0.00 11.15 93.33 2.00 0.00 0.81 0.00
11.32 92.09 2.00 0.00 0.81 0.00 11.48 95.09 2.00 0.00 0.81 0.00
11.65 105.48 2.00 0.00 0.80 0.00 11.81 117.60 2.00 0.00 0.80 0.00
11.98 131.26 0.69 1.33 0.80 0.03 12.14 143.05 0.84 0.96 0.79 0.02
12.30 152.70 0.97 0.47 0.79 0.01 12.47 152.80 2.00 0.00 0.79 0.00
12.63 143.18 2.00 0.00 0.79 0.00 12.80 134.31 2.00 0.00 0.78 0.00
12.96 130.65 2.00 0.00 0.78 0.00 13.12 129.65 2.00 0.00 0.78 0.00
13.29 127.91 2.00 0.00 0.77 0.00 13.45 124.35 2,00 0.00 0.77 0.00
13.62 120.29 2.00 0.00 0.77 0.00 13.78 120.60 2.00 0.00 0.77 0.00
13.94 128.55 2.00 0.00 0.76 0.00 14.11 137.42 2.00 0.00 0.76 0.00
14.27 142.24 2.00 0.00 0.76 0.00 14.44 141.06 2.00 0.00 0.76 0.00
14.60 138.35 2.00 0.00 0.75 0.00 14.76 133.75 2.00 0.00 0.75 0.00
14.93 129.06 2.00 0.00 0.75 0.00 15.09 127.77 2.00 0.00 0.74 0.00
15.26 132.22 2.00 0.00 0.74 0.00 15.42 138.42 2.00 0.00 0.74 0.00
15.58 140.75 2.00 0.00 0.74 0.00 15.75 139.78 2.00 0.00 0.73 0.00
15.91 138.74 2.00 0.00 0.73 0.00 16.08 138.05 2.00 0.00 0.73 0.00
16.24 137.36 2.00 0.00 0.72 0.00 16.40 138.60 2.00 0.00 0.72 0.00
16.57 143.48 2.00 0.00 0.72 0.00 16.73 - 146.06 2.00 0.00 0.72 0.00
16.90 145.22 2.00 0.00 0.71 0.00 17.06 141,94 2.00 0.00 0.71 0.00
17.22 139.81 2.00 0.00 0.71 0.00 17.39 137.72 2.00 0.00 0.71 0.00
17.55 137.02 2.00 0.00 0.70 0.00 17.72 137.39 2.00 0.00 0.70 0.00
17.88 136.19 2.00 0.00 0.70 0.00 18.04 135.45 2.00 0.00 0.69 0.00
18.21 132.44 2.00 0.00 0.69 0.00 18.37 130.93 2.00 0.00 0.69 0.00
18.54 124.17 2,00 0.00 0.69 0.00 18.70 118.78 2.00 0.00 0.68 0.00
18.86 113.72 2.00 0.00 0.68 0.00 19.03 112.47 2.00 0.00 0.68 0.00
19.19 112.04 2.00 0.00 0.67 0.00 19.36 117.35 2.00 0.00 0.67 0.00
19.52 128.21 2.00 0.00 0.67 0.00 19.69 143.57 2.00 0.00 0.67 0.00
19.85 153.43 2.00 0.00 0.66 0.00 20.01 160.71 2.00 0.00 0.66 0.00
20.18 163.07 2.00 0.00 0.66 0.00 20.34 164.44 2.00 0.00 0.66 0.00
20.51 162.92 2.00 0.00 0.65 0.00 20.67 161.17 2.00 0.00 0.65 0.00
20.83 160.88 2.00 0.00 0.65 0.00 21.00 160.69 2.00 0.00 0.64 0.00
21.16 158.54 2.00 0.00 0.64 0.00 21.33 151.78 2.00 0.00 0.64 0.00
21.49 140.81 2.00 0.00 0.64 0.00 21.65 130.93 2.00 0.00 0.63 0.00
21.82 126.27 2.00 0.00 0.63 0.00 21.98 126.66 2.00 0.00 0.63 0.00
22.15 126.16 2.00 0.00 0.62 0.00 22.31 126.33 2.00 0.00 0.62 0.00
22.47 126.09 2.00 0.00 0.62 0.00 22.64 123.91 2.00 0.00 0.62 0.00
22.80 121.99 2.00 0.00 0.61 0.00 22.97 126.99 2.00 0.00 0.61 0.00
23.13 143.39 2.00 0.00 0.61 0.00 23.29 157.57 0.86 0.48 0.61 0.01
23.46 167.32 1.00 0.33 0.60 0.01 23.62 165.76 0.98 0.33 0.60 0.01
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This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-5

it Post-earthquake settiement due to soil liquefaction :: (continued)

Depth Qun,cs Fs e (%) DF  Settlement Depth Qun,cs Fs e (%) DF  Settlement
(! (in) () (in)
23.79 159.66 0.89 0.47 0.60 0.01 23.95 148.21 2,00 0.00 0.59 0.00
24.11 135.94 2.00 0.00 0.59 0.00 24.28 120.89 2.00 0.00 0.59 0.00
24.44 113.50 2.00 0.00 0.59 0.00 24.61 115.23 2.00 0.00 0.58 0.00
24.77 123.04 2.00 0.00 0.58 0.00 2493 128.87 2.00 0.00 0.58 0.00
25.10 131.54 2.00 0.00 0.57 0.00 25.26 130.14 2.00 0.00 0.57 0.00
25.43 125.79 2.00 0.00 0.57 0.00 25.59 121.98 2.00 0.00 0.57 0.00
25.75 120.15 2.00 0.00 0.56 0.00 25.92 121.20 2.00 0.00 0.56 0.00
26.08 122,21 2.00 0.00 0.56 0.00 26.25 122.93 2.00 0.00 0.56 0.00
26.41 122.83 2.00 0.00 0.55 0.00 26.57 122.65 2.00 0.00 0.55 0.00
26.74 123,77 2.00 0.00 0.55 0.00 26.90 123.52 2.00 0.00 0.54 0.00
27.07 122,85 2.00 0.00 0.54 0.00 27.23 120.78 2.00 0.00 0.54 0.00
27.40 120.44 2.00 0.00 0.54 0.00 27.56 120.16 2.00 0.00 0.53 0.00
27.72 118.94 2.00 0.00 0.53 0.00 27.89 119.67 2.00 0.00 0.53 0.00
28.05 121.33 2.00 0.00 0.52 0.00 28.22 123.92 2.00 0.00 0.52 0.00
28.38 122.71 2.00 0.00 0.52 0.00 28.54 119.82 2.00 0.00 0.52 0.00
28.71 115.02 2.00 0.00 0.51 0.00 28.87 111.29 2.00 0.00 0.51 0.00
29.04 109.61 2.00 0.00 0.51 0.00 29.20 112.15 2.00 0.00 0.51 0.00
29.36 116.02 2.00 0.00 0.50 0.00 29,53 122.43 2.00 0.00 0.50 0.00
29.69 128.66 2.00 0.00 0.50 0.00 29.86 132.51 2.00 0.00 0.49 0.00
30.02 133.32 2.00 0.00 0.49 0.00 30.18 133.01 2.00 0.00 0.49 0.00
30.35 134.24 2.00 0.00 0.49 0.00 30.51 135.73 2.00 0.00 0.48 0.00
30.68 134.98 2.00 0.00 0.48 0.00 30.84 133.52 2.00 0.00 0.48 0.00
31.00 132.42 2.00 0.00 0.47 0.00 31.17 131.76 2.00 0.00 0.47 0.00
31.33 131.41 2.00 0.00 0.47 0.00 31.50 130.79 2.00 0.00 0.47 0.00
31.66 129.46 2.00 0.00 0.46 0.00 31.82 127.40 2.00 0.00 0.46 0.00
31.99 125.47 2.00 0.00 0.46 0.00 32.15 124.76 2.00 0.00 0.46 0.00
32.32 123.94 2.00 0.00 0.45 0.00 32.48 122.71 2.00 0.00 0.45 0.00
32.64 121.40 2.00 0.00 0.45 0.00 32.81 120.70 2.00 0.00 0.44 0.00
32.97 120.37 2.00 0.00 0.44 0.00 33.14 120.33 2,00 0.00 0.44 0.00
33.30 119.72 2.00 0.00 0.44 0.00 33.46 119.43 2.00 0.00 0.43 0.00
33.63 118.76 2.00 0.00 0.43 0.00 33.79 117.66 2.00 0.00 0.43 0.00
33.96 117.16 2.00 0.00 0.42 0.00 34.12 117.75 2.00 0.00 0.42 0.00
34.28 120.54 2.00 0.00 0.42 0.00 34.45 119.94 2.00 0.00 0.42 0.00
34.61 117.36 2.00 0.00 0.41 0.00 34.78 114.03 2.00 0.00 0.41 0.00
34.94 115.06 2.00 0.00 0.41 0.00 35.10 117.56 2.00 0.00 0.41 0.00
35.27 118.09 2.00 0.00 0.40 0.00 35.43 116.84 2.00 0.00 0.40 0.00
35.60 115.80 2.00 0.00 0.40 0.00 35.76 116.35 2.00 0.00 0.39 0.00
35.93 117.12 2.00 0.00 0.39 0.00 36.09 117.39 2.00 0.00 0.39 0.00
36.25 117.58 2.00 0.00 0.39 0.00 36.42 118.84 2.00 0.00 0.38 0.00
36.58 119.93 2.00 0.00 0.38 0.00 36.75 119.47 2.00 0.00 0.38 0.00
36.91 116.76 2.00 0.00 0.37 0.00 37.07 113.06 2.00 0.00 0.37 0.00
37.24 109.88 2.00 0.00 0.37 0.00 37.40 107.43 2.00 0.00 0.37 0.00
37.57 106.75 2.00 0.00 0.36 0.00 32.73 106.32 2.00 0.00 0.36 0.00
37.89 106.17 2.00 0.00 0.36 0.00 38.06 105.28 2.00 0.00 0.35 0.00
38.22 104.58 2.00 0.00 0.35 0.00 38.39 102.50 2.00 0.00 0.35 0.00
38.55 98.98 2.00 0.00 0.35 0.00 38.71 94.70 2.00 0.00 0.34 0.00
38.88 90.90 2.00 0.00 0.34 0.00 39.04 87.39 2.00 0.00 0.34 0.00
39.21 84.59 2.00 0.00 0.34 0.00 39.37 82.78 2.00 0.00 0.33 0.00
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CPT name: CPT-5

:: Post-earthquake settiement due to soil liquefaction :: (continued)

Depth
()
39.53
39.86
40.19
40.52
40.85
41.17
41.50
41.83
42.16
42.49
42.81
43.14
43.47
43,80
44,13
44.46
44.78
45.11
45.44
45.77
46.10
46.42
46.75
47.08
47.41
47.74
48.06
48.39
48.72
49.05
49.38
49,70
50.03

an,cs

84.00
90.97
105.29
121.29
123.12
107.63
99.33
90.50
88.92
78.18
82.85
92.04
90.25
83.41
78.49
75.23
74.57
72.32
69.68
65.78
63.45
63.80
67.21
67.38
66.19
65.63
60.77
57.99
56.34
55.00
55.75
52.12
54.80

Abbreviations
Equivalent clean sand normalized cone resistance

Settement:

Factor of safety against liquefaction
Post-liguefaction volumentric strain
ey depth weighting factor
Calculated settlement

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ey (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.31
0.30
0.30
0.29
0.29
0.28
0.27
0.27
0.26
0.26
0.25
0.25
0.24
0.24
0.23
0.22
0.22
0.21
0.21
0.20
0.20
0.19
0.19
0.18
0.17
0.17
0.16
0.16
0.15

Settlement
(in})
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Depth

()

39.70
40.03
40.35
40.68
41,01
41.34
41.67
41.99
42.32
42.65
42,98
43.31
43.64
43.96
44,29
44.62
44.95
45,28
45.60
45.93
46.26
46.59
46.92
47.24
47.57
47.90
48.23
48.56
48.88
49.21
49.54
49.87

Q\n,rs

87.03
96.73
115.76
125.41
117.19
102.80
95.42
89.98
83.52
77.51
88.58
92.24
86.84
80.95
76.67
74.90
73.31
70.79
67.68
64.39
63.10
65.52
67.86
66.55
66.07
63.67
58.45
57.54
54.30
55.85
53.84
53.14

FS

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00

ev (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

DF

0.33
0.32
0.32
0.31
0.30
0.30
0.29
0.29
0.28
0.28
0.27
0.27
0.26
0.25
0.25
0.24
0.24
0.23
0.23
0.22
0.22
0.21
0.20
0.20
0.19
0.19
0.18
0.18
0.17
0.17
0.16
0.15

Settlement

(im)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Total estimated settlement: 0.09

CLig v.2.2.0.32 - CPT Liguefaction Assessment Software - Report created on: 5/22/2019, 7:39:37 AM
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LCI Report No. LE04354 (2)

Dear Mr. Collins:

This geotechnical report is provided for design and construction of the new turbine generator and
cooling tower additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road
southwest of Heber, California. Our geotechnical investigation was conducted in response to your
request for our services. The enclosed report describes our soil engineering investigation and
presents our professional opinions regarding geotechnical conditions at the site to be considered in
the design and construction of the project.

This executive summary presents selected elements of our findings and recommendations only. It
does not present crucial details needed for the proper application of our findings and
recommendations. Our findings, recommendations, and application options are related only through
reading the full report, and are best evaluated with the active participation of the engineer of record
who developed them.

The findings of this study indicate that the site is predominantly underlain by clays of moderate
expansion.

The soil are highly corrosive to metals and contain sufficient sulfates and chlorides to require special
concrete mixes (4,500 psi with a 0.45 maximum water cement ratio) and protection of embedded
steel building components when concrete is placed in contact with native soil. If the native soils are
replaced with imported granular soils with low sulfate and chloride content, no special concrete
mixes are required.

Evaluation of liquefaction potential at the site indicates that it is unlikely that the subsurface soil will
liquefy under seismically induced groundshaking due to the nature of the soil (clays soils
predominate). No mitigation is required for liquefaction effects at this site.




New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2)

Foundation settlements are indicated on figures 2 thru 5. Differential settlement is estimated to be
about of two-thirds of total settlement.

We did not encounter soil conditions that would preclude development of the site for its intended use
provided the recommendations contained in this report are implemented in the design and
construction of this project.

We appreciate the opportunity to provide our findings and professional opinions regarding
geotechnical conditions at the site. If you have any questions or comments regarding our findings,
please call our office at (760) 370-3000.

Respectfully Submitted, 7
Landmark Consultants, Inc. /|

Steven K. Williams, CEG
Senior Engineering Geologist

Jeffr :
President

Distribution:
Client (4)
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Section 1
INTRODUCTION

1.1 Project Description

This report presents the findings of our geotechnical investigation for the proposed additions to the
Ormat Heber 2 geothermal power plant located on Dogwood Road southwest of Heber, California
(See Vicinity Map, Plate A-1). The proposed development will consist of the addition of one (1)
turbine/generator set and one (1) cooling tower. A site plan for the proposed power plant
improvements was not made available to us at the time that this report was prepared.

Small structures may be are planned for electrical control panels, consisting of masonry or panelized
concrete construction. Expected footing loads are estimated at 1 to 2 kips per lineal foot for the
small structures. Expected plant components, cooling tower and turbine/generator columns loads
range from 5 to 400 kips. If structural loads exceed those stated above, we should be notified so we
may evaluate their impact on foundation settlement and bearing capacity. Site development will
include foundation support pad preparation and underground utility installation.

1.2 Purpose and Scope of Work

The purpose of this geotechnical study was to investigate the upper 50 feet of subsurface soil at
selected locations within the site for physical/engineering properties. From the subsequent field and
laboratory data, professional opinions were developed and are provided in this report regarding
geotechnical conditions at this site and the effect on design and construction. The scope of our
services consisted of the following:

> Field exploration and in-situ testing of the site soils at selected locations and depths.
> Laboratory testing for physical properties of selected samples.
> A review of the available literature and publications pertaining to local geology,

faulting, and seismicity.
> Engineering analysis and evaluation of the data collected.
> Preparation of this report presenting our findings, professional opinions, and

recommendations for the geotechnical aspects of project design and construction.

Landmark Consultants, Inc. Page 1
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This report addresses the following geotechnical issues:

> Subsurface soil and groundwater conditions

> Site geology, regional faulting and seismicity, near source factors, and site seismic
accelerations

> Liquefaction potential and its mitigation

> Expansive soil and methods of mitigation

> Aggressive soil conditions to metals and concrete

Professional opinions with regard to the above issues are presented for the following:

> Site grading and earthwork
» Foundation subgrade preparation

> Allowable soil bearing pressures and expected settlements

> Concrete slabs-on-grade

> Mitigation of the potential effects of salt concentrations in native soil to concrete
mixes and steel reinforcement

> Seismic design parameters

Our scope of work for this report did not include an evaluation of the site for the presence of

environmentally hazardous materials or conditions.

1.3 Authorization

Mr. Mike Collins, Project Manager of Ormat for Power Generation Construction provided
authorization by written agreement to proceed with our work on December 14,2004. We conducted
our work according to our written proposal dated December 13, 2004.

Landmark Consultants, Inc. Page 2
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Section 2
METHODS OF INVESTIGATION

2.1 Field Exploration

Subsurface exploration was performed on December 20, 2004 using Holguin, Fahan, & Associates,
Inc. of Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an
approximate depth of 50 feet below existing ground surface. The soundings were made at the
locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations
were established in the field and plotted on the site map by sighting to discernable site features.

CPT soundings provide a continuous profile of the soil stratigraphy with readings every 2.5cm (1
inch) in depth. Direct sampling for visual and physical confirmation of soil properties has been used
by our firm to establish direct correlations with CPT exploration in this geographical region.

The CPT exploration was conducted by hydraulically advancing an instrumented Hogentogler 10cm’
conical probe into the ground at a rate of 2cm per second using a 23-ton truck as a reaction mass. An
electronic data acquisition system recorded a nearly continuous log of the resistance of the soil
against the cone tip (Qc) and soil friction against the cone sleeve (Fs) as the probe was advanced.
Empirical relationships (Robertson and Campanella, 1989) were then applied to the data to give a
continuous profile of the soil stratigraphy. Interpretation of CPT data provides correlations for SPT
blow count, phi (¢) angle (soil friction angle), undrained shear strength (S,) of clays and over-
consolidation ratio (OCR). These correlations may then be used to evaluate vertical and lateral soil

bearing capacities and consolidation characteristics of the subsurface soil.

Interpretive logs of the CPT soundings were produced and presented in final form after review of
field and laboratory data and are presented on Plates B-1 through B-3 in Appendix B. A key to the
interpretation of CPT soundings is presented on Plate B-4. The stratification lines shown on the
subsurface logs represent the approximate boundaries between the various strata. However, the

transition from one stratum to another may be gradual over some range of depth.

Landmark Consultants, Inc. Page 3
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2.2 Laboratory Testing

Laboratory tests were conducted on selected bulk soil samples obtained from hand auger borings
made adjacent to the CPT locations to aid in classification and evaluation of selected engineering
properties of the near surface soils. The tests were conducted in general conformance to the
procedures of the American Society for Testing and Materials (ASTM) or other standardized
methods as referenced below. The laboratory testing program consisted of the following tests:

> Plasticity Index (ASTM D4318) — used for soil classification and expansive soil design
criteria.

>  Chemical Analyses (soluble sulfates & chlorides, pH, and resistivity) (Caltrans Methods) —
used for concrete mix evaluations and corrosion protection requirements.

The laboratory test results are presented on the subsurface logs (Appendix B) and on Plates C-1, C-2
and C-3 in Appendix C.

Engineering parameters of soil strength, compressibility and relative density utilized for developing
design criteria provided within this report were either extrapolated from correlations with the
subsurface CPT data or from data obtained from the field and laboratory testing program.

Landmark Consultants, Inc. Page 4
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Section 3
DISCUSSION

3.1 Site Conditions

The plant additions are located in the northwest corner of the Heber 2 geothermal plant on the west
side of the existing turbine generators and cooling tower. The area is relatively vacant and
approximately has the same elevation as the existing plant facilities. An overhead pipe rack is

located to the south side of the proposed location.

Adjacent properties outside of the fenced operations yard consist of agricultural land to the north and
west. The site is bounded on the east by Dogwood Road and headquarters facilities of a general
engineering construction company lie to the south side. Dogwood Road is slated to be a 6-lane
north-south arterial from Calexico to Brawley in Imperial County. Adjacent properties are flat-lying

and are approximately at the same elevation with this site.

The project site lies at an elevation of approximately 15 feet below mean sea level (MSL) (El. 985
local datum) in the Imperial Valley region of the California low desert. The surrounding properties
lie on terrain which is flat (planar), part of a large agricultural valley, which was previously an
ancient lake bed covered with fresh water to an elevation of 43+ feet above MSL. Annual rainfall in
this arid region is less than 4 inches per year with four months of average summertime temperatures
above 100 °F. Winter temperatures are mild, seldom reaching freezing.

3.2 Geologic Setting

The project site is located in the Imperial Valley portion of the Salton Trough physiographic
province. The Salton Trough is a geologic structural depression resulting from large scale regional
faulting. The trough is bounded on the northeast by the San Andreas Fault and Chocolate Mountains
and the southwest by the Peninsular Range and faults of the San Jacinto Fault Zone. The Salton
Trough represents the northward extension of the Gulf of California, containing both marine and
non-marine sediments since the Miocene Epoch. Tectonic activity that formed the trough continues
at a high rate as evidenced by deformed young sedimentary deposits and high levels of seismicity.
Figure 1 shows the location of the site in relation to regional faults and physiographic features.

Landmark Consultants, Inc. Page 5
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The Imperial Valley is directly underlain by lacustrine deposits, which consist of interbedded
lenticular and tabular silt, sand, and clay. The Late Pleistocene to Holocene lake deposits are
probably less than 100 feet thick and derived from periodic flooding of the Colorado River which
intermittently formed a fresh water lake (Lake Cahuilla). Older deposits consist of Miocene to
Pleistocene non-marine and marine sediments deposited during intrusions of the Gulf of California.
Basement rock consisting of Mesozoic granite and Paleozoic metamorphic rocks are estimated to
exist at depths between 15,000 - 20,000 feet.

3.3 Seismicity and Faulting

Faulting and Seismic Sources: We have performed a computer-aided search of known faults or
seismic zones that lie within a 62 mile (100 kilometers) radius of the project site as shown on Figure
1 and Table 1. The search identifies known faults within this distance and computes deterministic
ground accelerations at the site based on the maximum credible earthquake expected on each of the
faults and the distance from the fault to the site. The Maximum Magnitude Earthquake (Mmax)
listed was taken from published geologic information available for each fault (CDMG OFR 96-08
and Jennings, 1994).

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern
California and is considered likely to be subjected to moderate to strong ground motion from
earthquakes in the region. The proposed site structures should be designed in accordance with the
California Building Code (CBC) for near source factors derived from a “Design Basis Earthquake”
(DBE). The DBE is defined as the motion having a 10 percent probability of being exceeded in 50
years. The DBE generally corresponds to the Mmax magnitude discussed here.

Seismic Hazards.

> Groundshaking. The primary seismic hazard at the project site is the potential for strong
groundshaking during earthquakes along the Imperial, Brawley, and Superstition Hills Faults. A
further discussion of groundshaking follows in Section 3.4.

> Surface Rupture. The project site does not lie within a State of California, Alquist-Priolo
Earthquake Fault Zone. Surface fault rupture is considered to be unlikely at the project site because
of the well-delineated fault lines through the Imperial Valley as shown on USGS and CGS maps.
However, because of the high tectonic activity and deep alluvium of the region, we cannot preclude
the potential for surface rupture on undiscovered or new faults that may underlie the site.

Landmark Consultants, Inc. Page 6
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MAP OF REGIONAL FAULTS AND SEISMICITY
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Faults and Seismic Zones from Jennings (1994), Earthquakes modified from Ellsworth (1980) catalog.

Figure 1. Map of Regional Faults and Seismicity
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Fault Name or
Seismic Zone

Reference Notes: (1)

Imperial Valley Faults
Imperial
Brawley
Cerro Prieto
Brawley Seismic Zone
East Highline Canal
San Jacinto Fault System
- Superstition Hills

| - Superstition Mtn.

- Eimore Ranch

- Borrego Mtn

- Anza Segment

- Coyote Creek

- Whole Zone

Elsinore Fault System
- Laguna Salada

- Coyote Segment

- Julian Segment

- Earthquake Valley

- Whole Zone '

San Andreas Fault System
- Coachella Valley

- Whole S. Calif. Zone
Algodones

|
1

Notes:

1. Jennings (1994) and CDMG (1996)

2.

3.
4,
5.

WGCEP (1995)

Table 1
FAULT PARAMETERS & DETERMINISTIC
ESTIMATES IOF PE_AK GROUND ACCELERATION (PQA}

Distance | ‘
(mh& | Fault = Fautt
Direction | Type I Length
from Site ‘ . (km)
@) (2
70 NE |A B| 62
8.8 NNE |B/B| 14
15 SSE (A | B| 1186
16 N B|B 42
23 NE |C|C| 22
85 NNW(B|A| 22
15 NW [B|A| 23
28 NW |B |/ A| 29
34 NW |B/A|l 29
| 51 NW [A|A| 90
53 NW |B|A| 40
15 NW (A A| 245
|
16 SW |B|B| 67
29 W B/A| 38
55 WNW1A Al 75
| 57 WNW B |A| 20
29 W A|A| 250
45 NNW|A|A| 95
45 NNW|A |A| 458
36 E C|C| 74
|

LCI Report No. LE204354

Maximum| Avg | Avg Date of
Magnitude| Slip Return Last
Mmax | Rate l Period | Rupture
(Mw) | (mmiyn) | (yrs). | (year)
@ | @ | 3 | @
|
70 | 20 79 1979
7.0 20 _ 1979
7.2 34 | 50 1980
6.4 25 | 24
6.3 1 | 774
6.6 4 250 1987
6.6 5 500 |1440 +/-
6.6 1 225 1987
66 | 4 | 175
72 | 12 | 250 1918
6.8 4 I| 175 1968
75 _— | -
|
7.0 35 | 336
6.8 4 | 625
71 5 | 340
6.5 2 351
75 = =
74 25 220 | 1690+/-
7.9 — o 1857
7.0 0.1 | 20,000
I‘ [

Type B faults - all other faults.

CDMG (1996) based on Wells & Coppersmith (1994)
Ellsworth Catalog in USGS PP 1515 (1990) and USBR (1976), Mw = moment magnitude,

6. The deterministic estimates of the Site PGA are based on the attenuation relationship of:
Boore, Joyner, Fumal (1997)

Largest
Historic
Event

>6.6M (year) |

7.0
58
71
5.9

6.5

59

| 6.5

6.8

6.5

7.0

6.5
78

©)

1940
1979
1934
1981

1987
1987
1942

1918
1968

1891

1948
1857

CDMG (1996), where Type A faults — slip rate >5 mm/yr and well constrained paleoseismic data

|

Est.
Site
PGA
@)
(6)__

0.33
0.28
0.21
0.13
0.09

0.23
0.16
0.10
0.08
0.08
0.07
0.25

0.18
0.11
0.08
0.05
0.15

0.10
0.13
0.10
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» Liquefaction. Liquefaction is unlikely to be a potential hazard at the site due to the lack of
saturated granular soil (clay soils predominate).

Other Secondary Hazards.

» Landsliding. The hazard of landsliding is unlikely due to the regional planar topography. No

ancient landslides are shown on geologic maps of the region and no indications of landslides were

observed during our site investigation.

» Volcanic hazards. The site is not located in proximity to any known volcanically active area and
the risk of volcanic hazards is considered very low.

» Tsunamis, sieches, and flooding. The site does not lie near any large bodies of water, so the
threat of tsunami, sieches, or other seismically-induced flooding is unlikely.

» Expansive soil. In general, much of the near surface soils in the Imperial Valley consist of silty
clays and clays which are moderate to highly expansive. The expansive soil conditions are discussed

in more detail in Section 3.5.

3.4 Site Acceleration and UBC Seismic Coefficients

Deterministic horizontal peak ground accelerations (PGA) from maximum probable earthquakes on
regional faults have been estimated and are included in Table 1. Ground motions are dependent
primarily on the earthquake magnitude and distance to the seismogenic (rupture) zone.
Accelerations also are dependent upon attenuation by rock and soil deposits, direction of rupture and
type of fault; therefore, ground motions may vary considerably in the same general area.

We have used the computer program FRISKSP (Blake, 2000) to provide a probabilistic estimate of
the site PGA using the attenuation relationship of Boore, Joyner, and Fumal (1997) Soil (250). The
PGA estimate for the project site having a 10% probability of being exceeded in 50 years (return
period of 475 years) is 0.60g.

CBC Seismic Coefficients: The CBC seismic coefficients are roughly based on an earthquake
ground motion that has a 10% probability of being exceeded in 50 years. The following table lists
seismic and site coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. This
site lies within 11.3 km of a Type A fault overlying S, (stiff) soil.
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CBC Seismic Coefficients for Chapter 16 Seismic Provisions

‘- : Near Source Factors | Seismic Coefficients
CBC Code | Soil Profile | Seismic | Distance to
Edifi T Source Critical
thon ype Type Source Na Nv Ca Cv
Sp

; ; . .44 0.7
2001 (stifF soil) A <113 km 1.00 1.15 0 4
Ref. Table 16-J 16-U —_— 16-S 16-T 16-Q 16-R

3.5 Subsurface Soil

Subsurface soils encountered during the field exploration conducted on December 20, 2004 indicates
that 1.0 to 1.5 feet of stiff clay are at ground surface. Dense to very dense silty sands lie below the
clays and extend to a depth of 4 to 5 feet. Stiff to very stiff clays extend a depth of 50 feet, the
maximum depth of exploration. The subsurface logs (Plates B-1 through B-3) depict the
stratigraphic relationships of the various soil types.

The native surface clays exhibit moderate swell potential (Expansion Index, EI = 51 - 90) when
correlated to Plasticity index tests (ASTM D4318) performed on the native clays. The clay is
expansive when wetted and can shrink with moisture loss (drying). Development of building
foundations, concrete flatwork, and asphaltic concrete pavements should include provisions for
mitigating potential swelling forces and reduction in soil strength, which can occur from saturation
of the soil. Causes for soil saturation include landscape irrigation, broken utility lines, or capillary
rise in moisture upon sealing the ground surface to evaporation. Moisture losses can occur with lack
of landscape watering, close proximity of structures to downslopes and root system moisture
extraction from deep rooted shrubs and trees placed near the foundations. Typical measures used for
industrial projects to remediate expansive soil include:

»  replacement of silt/clay with non-expansive granular fill,

>  moisture conditioning subgrade soils to a minimum of 5% above optimum moisture
(ASTM D1557) for the full range in depth of surface soils.

>  design of foundations that are resistant to shrink/swell forces of silt/clay soil.
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3.6 Groundwater

Groundwater was not noted on the CPT sounding at the time of exploration, but is typically
encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is
uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil.
Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and
site grading. The referenced groundwater level should not be interpreted to represent an accurate or

permanent condition.

3.7 Liquefaction

Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such
as produced by earthquakes. With strong ground shaking, an increase in pore water pressure
develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to
reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases
and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive
settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations.

Four conditions are generally required for liquefaction to occur:
(1) the soil must be saturated (relatively shallow groundwater);
(2) the soil must be loosely packed (low to medium relative density);
(3)  the soil must be relatively cohesionless (not clayey); and

(4)  groundshaking of sufficient intensity must occur to function as a trigger mechanism.

All of these conditions exist to some degree at this site.
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Methods of Analysis: Liquefaction potential at the project site was evaluated using the 1997
NCEER Liquefaction Workshop methods that are based on the Seed, et. al. 1985 and Robertson and
Campanella (1985) methods. The 1997 NCEER methods utilize direct SPT blow counts or CPT
cone readings from site exploration and earthquake magnitude/PGA estimates from the seismic
hazard analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress ratio (CSR)
versus a corrected blow count Ny or Qcin. A ground acceleration of 0.60g was used in the
analysis with a 12 foot groundwater depth.

Liquefaction induced settlements have been estimated using the 1987 Tokimatsu and Seed method.
Fines content of liquefiable sands and silt increase the liquefaction resistance in that more cycles of
ground motions are required to fully develop pore pressures. The SPT blow counts were adjusted to
an equivalent clean sand blow count, Ny prior to calculating settlements using Robertson and
Wride (1997) adjustments. A computed factor of safety less than 1.0 indicates a liquefiable

condition.

Liquefaction Effects: Based on empirical relationships, liquefaction is not expected to occur at the

project site.
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Section 4
RECOMMENDATIONS

4.1 Site Preparation

Clearing and Grubbing: All surface improvements, debris or vegetation including grass and weeds
on the site at the time of construction should be removed from the construction area. Organic
strippings should be hauled from the site and not used as fill. Any trash, construction debris,
concrete slabs, old pavement, landfill, and buried obstructions such as old foundations and utility
lines exposed during rough grading should be traced to the limits of the foreign material by the
grading contractor and removed under our supervision. Any excavations resulting from site clearing
should be dish-shaped to the lowest depth of disturbance and backfilled under observation by the

geotechnical engineer’s representative with compacted fill as described below.

Structure Subgrade Preparation: The exposed surface soil within the foundation areas should be
removed to 12 inches below the foundation elevation or existing grade (whichever is lower).
Exposed subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to 3 to
8% above optimum moisture content (clays) or 0 to 4% above optimum (silts), and recompacted to at
least 90% of the maximum density determined in accordance with ASTM D1557 methods.

The native soil is suitable for use as engineered fill provided it is free from concentrations of organic
matter or other deleterious material. The fill soil should be uniformly moisture conditioned by
discing and watering to the limits specified above, placed in maximum 8-inch lifts (loose), and

compacted to the limits specified above.

Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SO4) less than
1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM, or SW-
SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The
geotechnical engineer should approve imported fill soil sources before hauling material to the site.
Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and
compacted to at least 90% of ASTM D1557 maximum dry density at optimum moisture +2%.
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In areas other than the structures pad which are to receive area concrete slabs, the ground surface
should be presaturated to a minimum depth of 18 inches and then scarified to 6 inches, moisture
conditioned to a minimum of 5% over optimum, and recompacted to 83-87% of ASTM D1 557

maximum density just prior to concrete placement.

Trench Backfill: On-site soil free of debris, vegetation, and other deleterious matter may be suitable
for use as utility trench backfill, but may be difficult to uniformly maintain at specified moistures and
compact to the specified densities. Granular material is often more cost effective for backfill of

utility trenches.

Backfill soil within roadways or traffic areas should be placed in layers not more that 6 inches in
thickness and mechanically compacted to a minimum of 87% of the ASTM D1557 maximum dry
density except for the top 12 inches of the trench which shall be compacted to at least 90%. Native
backfill should only be placed and compacted after encapsulating buried pipes with suitable bedding
and pipe envelope material. Pipe envelope/bedding should either be clean sand (Sand Equivalent
SE>30) or crushed rock when encountering groundwater. A geotextile filter fabric (Mirafi 140N or
equivalent) should be used to encapsulate the crushed rock when placed below groundwater to
reduce the potential for in-washing of fines into the gravel void space. Precautions should be taken
in the compaction of the backfill to avoid damage to the pipes and structures.

Observation and Density Testing: All site preparation and fill placement should be continuously

observed and tested by a representative of a qualified geotechnical engineering firm. Full-time
observation services during the excavation and scarification process is necessary to detect
undesirable materials or conditions and soft areas that may be encountered in the construction area.
The geotechnical firm that provides observation and testing during construction shall assume the
responsibility of "geotechnical engineer of record" and, as such, shall perform additional tests and
investigation as necessary to satisfy themselves as to the site conditions and the recommendations for

site development.

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or retaining
walls should have the existing soil beneath the structure foundation prepared in the manner

recommended for the building pad except the preparation needed only to extend 12 inches below and
beyond the footing.
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4.2 Foundations and Settlements

Shallow spread footings and continuous wall footings are suitable to support the structures associated
with the turbine generator and cooling tower. Footings shall be founded on a layer of properly
prepared and compacted soil as described in Section 4.1. The foundations may be designed using an
allowable soil bearing pressure of 1,500 psf for compacted native clay soil and 2,000 psf when
foundations are supported on imported sands (extending a minimum of 1.0 feet below footings). The
allowable soil pressure may be increased by 20% for each foot of embedment depth in excess 0f 18
inches and by one-third for short term loads induced by winds or seismic events. The maximum
allowable soil pressure at increased embedment depths shall not exceed 3,000 psf (clays).
Settlements associated with variable loadings and structure/footing sizes are shown on figures 2 thru
5. As an alternative to shallow spread foundations, flat plate structural mats or grade-beam

reinforced foundations may be used to mitigate expansive soil heave.

Flat Plate Structural Mats: Structural mats may be designed for a modulus of subgrade reaction (Ks)
of 100 pci when placed on compacted clay or a subgrade modulus of 250 pci when placed on 2.5 feet
of granular fill. Mats shall overlay 2 inches of sand and a 10-mil polyethylene vapor retarder. The
structure support pad shall be moisture conditioned and recompacted as specified in Section 4.1 of
this report.

All exterior and interior foundations should be embedded a minimum of 18 inches below the
structure support pad or lowest adjacent final grade, whichever is deeper. Continuous wall footings
should have a minimum width of 12 inches. Spread footings should have a minimum width of 24
inches. Recommended concrete reinforcement and sizing for all footings should be provided by the

structural engineer.

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings or
grade beams and frictional resistance developed along the bases of footings or grade beams and
concrete slabs. Passive resistance to lateral earth pressure may be calculated using an equivalent
fluid pressure of 250 pcf (300 pcf for sands) to resist lateral loadings. The top one foot of
embedment should not be considered in computing passive resistance unless the adjacent area is
confined by a slab or pavement. An allowable friction coefficient of 0.25 (0.35 for sands) may also
be used at the base of the footings or grade beams to resist lateral loading.
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Total foundation movements under estimated loadings are shown on the load/settlement curves
(Figures 2 thru 5). Differential movement is estimated to be about two-thirds of total movement

4.3 Slabs-On-Grade

Thin concrete slabs and flatwork (6 inches or less in thickness) placed over native clay soil should be
designed in accordance with Chapter 18, Division II of the 2001 CBC (using an Effective Plasticity
Index of 17) and shall be a minimum of 5 inches thick due to expansive soil conditions. Concrete
floor slabs shall be monolithically placed with the foundations unless placed on 2.5 feet of granular
fill or lime treated soil.

The concrete slabs should be underlain by a minimum of 4 inches of clean sand (Sand Equivalent
SE>30) or aggregate base or may be placed directly on a 2.5-foot thick granular fill pad (if used) that
has been moistened to approximately optimum moisture just before the concrete placement. A 10-
mil visqueen vapor retarder, properly lapped and sealed with a 2-inch sand cover and extended a
minimum of 12 inches into the footing, should be placed as a capillary break to prevent moisture
migration into the slab section. Concrete slabs may be placed directly over a 15-mil vapor retarder if
desired (Stego-Wrap or equivalent).

Concrete slab and flatwork reinforcement should consist of chaired rebar slab reinforcement
(minimum of No. 4 bars at 18-inch centers, both horizontal directions) placed at slab mid-height to
resist potential swell forces and cracking. Slab thickness and steel reinforcement are minimums only
and should be verified by the structural engineer/designer knowing the actual project loadings. All
steel components of the foundation system should be protected from corrosion by maintaining a 4-
inch minimum concrete cover of densely consolidated concrete at footings (by use of a vibrator).
The construction joint between the foundation and any mowstrips/sidewalks placed adjacent to
foundations should be sealed with a polyurethane based non-hardening sealant to prevent moisture
migration between the joint. Epoxy coated embedded steel components or permanent waterproofing
membranes placed at the exterior footing sidewall may also be used to mitigate the corrosion
potential of concrete placed in contact with native soil.
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of 2
to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI)
guidelines. All joints should form approximately square patterns to reduce randomly oriented
contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or sawcut
(% of slab depth) within 6 to 8 hours of concrete placement. Construction (cold) joints in
foundations and area flatwork should either be thickened butt-joints with dowels or a thickened
keyed-joint designed to resist vertical deflection at the joint. All joints in flatwork should be sealed
to prevent moisture, vermin, or foreign material intrusion. Precautions should be taken to prevent

curling of slabs in this arid desert region (refer to ACI guidelines).

All independent flatwork (sidewalks, housekeeping slabs) should be placed on a minimum of 2
inches of concrete sand or aggregate base, dowelled to the perimeter foundations where adjacent to
the structures and sloped 1% or more away from the structure. A minimum of 18 inches of moisture
conditioned (3% minimum above optimum) and 8 inches of compacted subgrade (83 to 87%) and a
10-mil (minimum) polyethylene separation sheet should underlie the flatwork. All flatwork should
be jointed in square patterns and at irregularities in shape at a maximum spacing of 10 feet or the
least width of the sidewalk.

4.4 Concrete Mixes and Corrosivity

Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil
from the project site (Plates C-2 and C-3). The native soils were found to have moderate to severe
levels of sulfate ion concentration (1,052 to 3,006 ppm). Sulfate ions in high concentrations can
attack the cementitious material in concrete, causing weakening of the cement matrix and eventual
deterioration by raveling. The California Building Code recommends that increased quantities of
Type I Portland Cement be used at a low water/cement ratio when concrete is subjected to moderate
sulfate concentrations. Type V Portland Cement and/or Type II/V cement with 25% flyash

replacement is recommended when the concrete is subjected to soil with severe sulfate concentration.

A minimum of 6.25 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a
maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact with
native soil on this project. Admixtures may be required to allow placement of this low water/cement

ratio concrete.
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There are no special requirements for concrete mixes when foundations are placed on 2.5 feet of low

sulfate content granular fill.

The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm).
Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic
conduits. Resistivity determinations on the soil indicate very severe potential for metal loss because
of electrochemical corrosion processes. Mitigation of the corrosion of steel can be achieved by using
steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, cathodic protection
or by encapsulating the portion of the pipe lying above groundwater with a minimum of 4 inches of
densely consolidated concrete. No metallic pipes or conduits should be placed below foundations.

Foundation designs shall provide a minimum concrete cover of four (4 inches around steel
reinforcing or embedded components (anchor bolts, hold-downs, etc.) exposed to native soil or
landscape water (to 18 inches above grade). If the 4-inch concrete edge distance cannot be achieved,
all embedded steel components (anchor bolts, hold-downs, etc.) shall be epoxy dipped for corrosion
protection or a corrosion inhibitor and a permanent waterproofing membrane shall be placed along
the exterior face of the exterior footings. Additionally, the concrete should be thoroughly vibrated at
footings during placement to decrease the permeability of the concrete.

4.5 Excavations

All site excavations should conform to CalOSHA requirements for Type B soil. The contractor is
solely responsible for the safety of workers entering trenches. Temporary excavations with depths of
4 feet or less may be cut nearly vertical for short duration. Excavations deeper than 4 feet will
require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type B soil.
Surcharge loads of stockpiled soil or construction materials should be set back from the top of the
slope a minimum distance equal to the height of the slope. All permanent slopes should not be
steeper than 3:1 to reduce wind and rain erosion. Protected slopes with ground cover may be as steep

as 2:1. However, maintenance with motorized equipment may not be possible at this inclination.
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4.6 Seismic Design

This site is located in the seismically active southern California area and the site structures are
subject to strong ground shaking due to potential fault movements along the Brawley, Superstition
Hills, and Imperial Faults. Engineered design and earthquake-resistant construction are the common
solutions to increase safety and development of seismic areas. Designs should comply with the latest
edition of the CBC for Seismic Zone 4 using the seismic coefficients given in Section 3.4 of this
report. This site lies within 11.3 km of a Type A fault overlying S, (stiff) soil.
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Section 5
LIMITATIONS AND ADDITIONAL SERVICES

5.1 Limitations

The recommendations and conclusions within this report are based on current information regarding
the proposed additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road

southwest of Heber, California. The conclusions and recommendations of this report are invalid if:

> Structural loads change from those stated or the structures are relocated.

> The Additional Services section of this report is not followed.

> This report is used for adjacent or other property.

> Changes of grade or groundwater occur between the issuance of this report and

construction other than those anticipated in this report.
> Any other change that materially alters the project from that proposed at the time this
report was prepared.

Findings and recommendations in this report are based on selected points of field exploration,
geologic literature, laboratory testing, and our understanding of the proposed project. Our analysis of
data and recommendations presented herein are based on the assumption that soil conditions do not
vary significantly from those found at specific exploratory locations. Variations in soil conditions
can exist between and beyond the exploration points or groundwater elevations may change. If
detected, these conditions may require additional studics, consultation, and possible design revisions.

This report contains information that may be useful in the preparation of contract specifications.
However, the report is not worded is such a manner that we recommend its use as a construction
specification document without proper modification. The use of information contained in this
report for bidding purposes should be done at the contractor’s option and risk.

This report was prepared according to the generally accepted geotechnical engineering standards of
practice that existed in Imperial County at the time the report was prepared. No express or implied
warranties are made in connection with our services. This report should be considered invalid for
periods after two years from the report date without a review of the validity of the findings and
recommendations by our firm, because of potential changes in the Geotechnical Engineering
Standards of Practice.
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1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3

Cn
or

2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
2.00
1.95
1.85
1.76
1.69
1.62
1.66
1.51
1.46
1.42
1.38
1.34
1.32
1.30
1.29
1.27
1.26
1.24
1.23
1.22
1.20
1.19
1.18
1.47
1.15
1.14
1.13
1.12
1.11
1.10
1.08
1.08
1.07
1.06
1.05
1.05
1.04
1.03
1.02
1.01
1.01
1.00
0.99
0.98
0.88
0.97
0.96
0.96
0.95
0.94
0.94
0.93

Norm.

134.6
144.4
166.8
178.0
192.7
233.0
101.9

Est.
%

95
45
40
35
30
30
20
45
85
85
85
85
85
100
95
95
100
95
100
80
90
95
90
90
85
100
100
100
100
100
95
100
100
100
95
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Rel.
Dens.

107
102
101
100
99

102
76

Nk:
Phi

43
42
42
42
42
42
39

CONE PENETROMETER INTERPRETATION (based on Roberison & Campanella, 1989, refer to Key to CPT logs)

17.0
Su

0.95
0.90
0.80
0.58
0.59
0.66
0.76
0.83
0.79
0.75
0.77
1.55
1.24
1.13
1.22
1.08
0.95
1.03
0.98
0.96
1.20
113
1.33
1.18
1.24
1.08
1.57
1.32
1.18
1.20
1.24
1.20
0.86
0.88
1.50
1.54
1.65
1.38
1.69
1.78
1.80
1.81
1.44
1.18
1.08
147
112
1.06
1
1.14
1.15
1.27

(%) (deg.) (1sf) OCR |

>10

>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
>10
5.53
5.85
>10
>10
>10
>10
>10
>10
>10
>10
>10
7.00
6.00
6.65
6.00
5.42
5.76
5.88
5.88
6.65




9.30

9.45

9.60

9.75

9.90
10.05
10.20
10.38
10.53
10.68
10.63
10.98
1113
11.28
11.43
11.58
11.73
11.88
12.05
12.20
12.38
12.60
12.65
12.80
12.96
13.10
13.25
13.40
13.58
13.73
13.88
14.03
14.18
14.33
14.48
14.63
14.78
14.93
16.10

Base Base
Depth Depth

30.5
31.0
31.5
32.0
32.5
33.0
33.5
34.0
34.5
35.0
35.5
36.0
36.5
37.0
3r.5
38.0
38.5
39.0
39.5
40.0

40.5
41.0

41.5

42.0
42.5
43.0
43.5

44.0

44.5
45.0
45.5
46.0
46.5

47.0

47.5

48,0

48.5

49.0

49.5

LANDMARK CONSULTANTS, INC.

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)
Project No: LEQ4354

CONE SOUNDING: CPT-1
Esl. GWT (1) 12.0

__Project. ORMAT Heber 2 Facllilies. Heber. CA

Date:_12/20/04

Phi Correfalion: 0 0-Seha(?8),1-REC(IN), 2.041(74) |

Avg  Avg 1 Esl. Qc cn Esl. Rel. Nk 17.0 |
Tip  Friction Soall Sall Densityor Density lo SPT or Norm. % Dens. Phi Su

Isf_Ralio, %___Type Ciassification USC _ Congistency  (pc) N N(60) Cq  Qcin FinesDr(%) (dea) (isf) OCR
21.60 5833 3 Clay CLICH  verysliff 125 13 17 0.3 100 1.20  6.00
17.19 636 3 3 Clay CL/CH  stiff 1256 1.3 14 0.92 100 “ 084 400
20.05 5473 3 Clay CU/CH  very stiff 1260 1.3 16 0.02 100 110 510
19.47 5503 3 Clay CL/CH  very stiff 125 1.3 16 0.91 100 1.07  4.68
21.74 5633 3 Clay CL/ICH  very stiff 125 1.3 17 090 100 120 553
23.37 676 3 3 Clay CLICH  very stiff 126 1.3 19 0.90 100 130 6.10
20,39 5563 3 Clay CL/ICH  very stiff 125 1.3 18 0.89 100 112 4.78
15.97 5123 3 Clay CL/ICH  stiff 126 13 13 089 100 086 3.28
16.45 448 3 3 Clay CL/CH  stiff 125 13 13 0.8 100 089 335
18.50 4963 3 Clay CL/CH very stiff 125 1.3 15 0.88 100 101 391
1941 4054 4  Silty Clay lo Clay cL very stiff 125 1.8 11 087 100 104 521
20.64 5863 3 Clay CL/ICH  very sliff 126 1.3 17 0.87 100 113 447
25,44 5723 3 Clay CL/CH  very stiff 1256 1.3 20 0.86 100 141 8.21
31.72 4.84 4 4 Silly Clay to Clay CL very stiff 125 1.8 18 0.86 100 1.78 >10
25.49 3.77 5 5 ClayeySiltto Slity Clay MUCL  very stiff 120 25 10 0.85 100 141 >10
17.68 248 5 5 Clayey Silt to Siity Clay ML/CL  slff 120 25 7 085 100 095 5.85
15.25 347 4 4 SiltyClayto Clay CL stiff 125 18 9 085 100 0.81 3.35
20.64 4843 3 Clay CL/ICH  very stiff 126 13 17 0.84 100 113 400
15.50 3.51 4 4 SillyClayto Clay CL stiff 125 18 9 084 100 082 3.28
14.77 2.00 5 5 Clayey Sll to Silty Clay ML/CL  stiff 120 25 6 083 100 078 3.91
13.50 207 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 5 083 100 070 343
15.96 329 4 4 Silty Claylo Clay CL stiff 125 18 8 082 100 0.85 3.28
16.32 3055 5 Clayey Silto Silty Clay ML/CL  suUff 120 256 6 082 100 0.81 4.00
14.74 2015 5 Clayey Sil lo Silty Clay ML/CL  stiff 120 25 6 0.82 100 0.77 3.66
17.48 254 5 &5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 081 100 093 478
2247 280 5 & Clayey Siltto Silty Clay ML/CL  very stiff 120 256 9 081 100 123 713
20.78 243 5 5 Clayey Siltto Siity Clay ML/CL  very stiff 120 25 8 0.81 100 113 6.21
2129 2625 5 ClayeySiltoSiltyClay ML/CL  verystff 120 25 9 0.0 100 118 643
19.71 2355 5 ClayeySilloSiltyClay MUCL  very stiff 120 25 8 0.80 100 1.06 553
19.60 2147 5 5 Clayey St fo Siity Clay ML/CL  very stiff 120 25 8 080 100 106 542
18.05 184 8 6 SandySiltto Clayey Silt ML very loose 115 35 5 079 135 100 13 30
1742 229 5 5 Clayey Silt fo Siity Clay ML/CL  stiff 120 25 7 079 100 0.92 4.28
19.49 203 6 6 SandySilttoClayeySilt ML very loose 115 35 6 079 145 100 15 30
17.99 2105 5 Clayey Slitto Slity Clay ML/CL  stiff 120 25 7 078 100 086 437
186.62 185 5 5 Clayey Silt to Silty Clay ML/CL  sliff 120 25 7 0.78 100 088 3.83
16.66 191 § & Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.78 100 0.88 3.83
15.96 1.83 6§ 5 Clayey Slit to Siity Clay ML/CL  stiff 120 25 6 077 100 0.83 3.58
15.56 1.78 5 5 Clayey Slit to Silly Clay ML/CL  sUff 120 25 6 0.77 100 081 3.35
14.89 148 86 6 SandySlitto Clayey Silt ML very loose 115 35 4 077 108 100 7 29




CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mountad Electric

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction weight
_.____locaTon: See Site and Boring LocationPlan ____  DATE: 12/20004

LOG OF CONE SOUNDING DATA CPT-2

m

,E, INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO

T From Robertson & Campanella (1989) Qo (tsf) Fs (sf) FR = Fs/Qc (%)

E 0 100 200 300 400 0 2 4 5 g 0 2 4 6

GROUND EL, 41 = =
| Overconsolidaled Soll ~ 7? very dense 0 I T_It 11l (N T B i —ﬁ | | ==
_| Overconsolidated Soil " "  very dense R | - 1> I — ,/ [ —
_| silly Sand to Sandy St SMIML  very dense 3 /
o Siiy Sand lo Sandy SIIt " " very dense G — ———— —
| SiySand lo Sandy Silt_ " " very dense - L \
| ClayeySiltto Siity Clay MUICL _hard el -
| Clay CU/CH  sliff 7
_| Siity Clay to Clay CL stiff  — ———— —_— | <
| clay CL/CH  stiff —
L1 Clay v stiff S TER— - —

1 O_ Clay v sliff >
| Clay "o liff | I === il
| clay " sl &
| Clay "o very stiff [ N SS—— ] i ] A . T N /{

1 Clay " vary stiff ‘}

J Clay "on very stiff ——l— 4

 Clay "" o very sliff é

1 Clay v very sliif | (S S

. Clay "o" o verystiff L é
Lnn Clay "o very stiff I i —

20_ Clay v slff . ?
_| Clay v very stiff n = s SRS T e
| Clay ¥ very stiff <_"J
J Clay M very stiff . — . i T P - _;-_Z
7 oy " very siff E
 Clay "o very sliff B P A | A ol
 Clay M very siiff { 5
| Clay "® very stiff | .

J Clay "~ very stiff i 2
| anl Clay "o very stiff | S N ==

30_ Clay " very stiff o0 \ E
| Clay “" o very stiff _ N E Si— =
d Clay " very sliff [ i é’

4 Clay " very stiff - ____s
| Clay © ¥ very stiff ! ‘%
| Clay " verystiff = ——__§—_— _——=l}— 1 == O I
| Clay "" o very stiff
J Clay "R verystiff | =
J Clay " " very stiff ) /
| 4y Silty Clay {o Clay CL very stiff = —

40_ Siily Cley to Clay " very sliff N ) 3

| Clayey Silt o Siity Clay ML/CL  very stifi

! I { _{ J.X

_| ClayeySitio Sty Clay ™ "  very sliff S ?
Clayey Slit lo Silty Clay " " very sliff e - — ‘ﬁ
s

] clayeysitto Sy clay * = very stiff >

| ClayeySiltio Silly Clay " " very stiff | o ) R

7| “sandy Sill to Clayey St ML___verylgose ( (

| “clayey Sit o Silly Clay MUCL _very stff

| Sandy Silt to Clayey Silt. ML very loose g { S
[ 50| SondySitto ClayeySit * *  veryloose B W _ R

End of Sounding @ 50.0 ft.

i i |

l s '
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

. Project. ORMAT Heber 2 Facililies. Hebor, CA_____ _ProjectNo: LE04354  Date; 12/20/04 .
CONE SOUNDING: CPT-2
_ . EsLGWT(f): 12.0

- LEN Phi Correlation: 0 0:Schn(78),1:REC(E3) 2714T(74)

‘Base Base Avg Avg 1 Est. Qc Cn Est, Rel Nk: 17-0
Depth Depth  Tip Friction Soll Soll Densityor Densily to SPT or Norm, % Dens. Phl Su
F@m" feol Qotsf Ralio.% _ Type  Classificalion USC _ Consistency (pcl) N N(60) Ca  Qcin FinesDr (%) (deg.) (1sf) OCR_
015 0.5 7028 452 5 5 ClayeySiittoSilly Clay ~ MUCL  hard 120 25 28 2.00 50 413 =10
030 1.0 77.82 69711 11 Overconsolidated Soil ” very dense 120 1.0 78 200 1471 55 110 43
045 15 91.98 83111 11 Qverconsolidated Soil 7 very dense 120 1.0 92 200 1739 50 107 43

060 2.0 12994 378 6 6 SandySlitto Clayey Slit ML very dense 15 356 37 200 2456 35 113 44

075 25 119.62 3118 6 SandySiltloClayeySlt ML very dense 115 35 34 200 2261 30 107 43

093 3.0 13768 251 7 7 SiltySandtoSandySit SM/ML very dense 115 45 31 200 2603 25 108 43

1.08 3.5 140.87 230 7 7 SitySandtoSandy St SM/ML verydense 116 45 31 200 2683 25 106 43

123 40 139.35 204 7 7 SiliySandtoSandy Silt  SM/ML very dense 115 46 31 200 2634 20 104 43

1.38 4.5 14485 2017 7 SitySandfoSandySilt SM/ML very dense 115 45 32 200 2738 20 103 42

153 5.0 113.08 2247 7 GillySandtoSandySilt SM/ML very dense 116 45 25 195 2089 25 94 41

168 65 5270 338§ 5 ClayeySittoSlityClay  ML/CL hard 120 25 21 1.86 50 3.08 >10
183 60 1387 491 3 3 Clay CLICH  stff 125 13 11 177 a5 080 >10
198 65 1508 536 3 3 Clay CLICH  stiff 125 13 12 170 95 0.87 >10
213 7.0 1477 4813 3 Clay CL/CH  stiff 126 13 12 163 95 085 >10
228 75 13.38 3803 3 Clay CL/CH  stiff 125 13 11 157 Q0 0.76 >10
245 80 1225 3.27 4 4 Sty Clay to Clay CL stiff 126 18 7 151 20 0.69 >10
260 85 11.34 3863 3 Clay CL/CH  stiff 125 13 9 146 100 064 9.79
275 8.0 13.62 4433 3 Clay CL/CH  stiff 125 13 11 1.42 95 0.77 =10
290 95 1478 497 3 3 Clay CL/CH  stiff 125 13 12 1.38 100 0.84 >10
3.05 10.0 15.04 5193 3 Clay CL/CH stlff 125 13 12 1.34 100 0.85 >10
320 105 17.24 5613 3 Clay CU/CH  stiff 125 13 14 133 100 0.98 >10
335 11.0 17.82 5313 3 Clay CLICH  very sliff 125 1.3 14 1.3 100 1.01 >10
350 115 16.22 463 3 3 Clay CL/ICH  stiff 126 1.3 13 1.29 100 092 =10
3.65 12.0 14.59 4453 3 Clay CL/CH  stiff 126 13 12 1.28 100 082 919
3.80 125 1595 489 3 3 Clay CLICH  sllff 125 1.3 13 1.26 100 090 =10
395 13.0 16.10 5073 3 Clay CL/CH  stiff 126 13 13 125 100 091 >10
413 135 20.52 6553 3 Clay CL/ICH  very stiff 126 13 16 1.23 100 117  >10
428 140 22.48 5553 3 Clay CL/ICH  very stiff 125 13 18 1.22 100 128 =10
4.43 145  20.89 542 3 3 Clay CL/CH  very stiff 126 13 17 121 100 119  >10
4.58 15.0 17.79 537 3 3 Clay CL/CH  very stiff 125 13 14 119 100 1.00 >10
473 155 1947 5863 3 Clay CL/ICH  very stiff 126 1.3 16 1.18 100 110 >10
488 16.0 19.76 5773 3 Clay CL/ICH  very stiff 126 1.3 16 147 100 112 »10
503 165 2253 5913 3 Clay CL/ICH  very stiff 125 1.3 18 1.18 100 128 >10
518 17.0 2167 5093 3 Clay CL/CH  very stiff 125 1.3 17 115 100 1.23 >10
533 175 22.15 5773 3 Clay CLICH  very stiff 126 13 18 1.3 100 1.26  >10
548 18.0 2143 6103 3 Clay CL/CH  very stiff 125 1.3 17 1.12 100 1.21 >10
565 185 21.58 5343 3 Clay CLICH  very stiff 125 1.3 17 1.1 100 122 >10
580 19.0 2273 5723 3 Clay CL/ICH  very stiff 126 1.3 18 1.10 100 129 =10
595 18.5 30.63 548 3 3 Clay CIL/ICH  very stiff 125 1.3 25 1.09 85 175 >10
610 20.0 1795 614 3 3 Clay CU/CH  very stiff 125 1.3 14 1.08 100 1.00 7.41
6.25 205 17.30 5703 3 Clay CLICH  stiff 126 1.3 14 1.07 100 096 6.65
640 210 16.60 699 3 3 Clay CLICH  stiff 125 13 13 1.07 100 0.92 6.10
655 215 2B.75 744 3 3 Clay CLCH  very stiff 126 1.3 21 1.06 100 152 >10
6.70 220 28.17 6813 3 Clay CL/CH  very stiff 126 1.3 23 1.05 100 160 =>10
6.85 225 2017 724 3 3 Clay CL/ICH  very stiff 125 13 16 1.04 100 113 7.85
7.00 23,0 18.15 562 3 3 Clay CL/CH stiff 125 1.3 13 1.03 100 083 5.21
718 235 2137 684 3 3 Clay CLICH  very sliff 126 1.3 17 1.02 100 1.20 8.27
7.33 240 2423 5983 3 Clay CLICH  very stiff 125 1.3 18 1.02 100 136 >10
7.48 245  27.09 688 3 3 Clay CLICH  very stiff 126 13 22 1.01 100 153 =10
7.63 250 23.97 646 3 3 Clay CL/CH  vary stiff 126 1.3 19 1.00 100 135 9.39
7.78 255 25890 698 3 3 Clay CL/ICH  very stiff 126 1.3 21 0.99 100 1.46 >10
7.93 260 24.80 617 3 3 Clay CL/CH  very sliff 125 1.3 20 0.9 100 138 959
8.08 26,5 2294 566 3 3 Clay CL/ICH  very sliff 126 1.3 18 0.98 100 1.28 8.00
8.23 270 22.28 5923 3 Clay CL/CH  very stiff 126 1.3 18 097 100 1.24  7.27
838 275 20.15 614 3 3 Clay CL/CH  very stiff 1256 13 16 097 100 112  6.10
853 28,0 24.13 6.053 3 Clay CL/CH  very stiff 125 13 19 096 100 135 8.14
8.68 28,5 28.28 586 3 3 Clay CL/ICH  very stiff 126 1.3 23 095 100 1.59 >10
8.85 29.0 26.02 5733 3 Clay CL/ICH  very stiff 125 1.3 21 085 100 146 885
9.00 295 28.06 6.01 3 3 Clay CL/ICH  very stiff 126 13 22 094 100 1.58 >10
9.15 300 29.72 657 3 3 Clay CL/ICH  very stlff 126 1.3 24 0.93 100 1.68 >10




LANDMARK CONSULTANTS, INC.

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

___Project: ORMAT Heber 2 Facilities. Heber, CA_

CONE SOUNDING: CPT-2
__EslGwr(n): 12.0

—Project No: LE04354

___ _Date: 12720004 _

Phi Correlation:

(Base Base Avg Avg
Depth Depth  Tlp Friction
imelers_feal_Qc, tsf Ralio, %

930 305 2855 6.41

9.45 31.0 31.07 6.84

9.60 315 34.71 6.59

9.75 320 3527 6.25

9.90 325 37.01 5.85
10,05 33.0 3237 5.31
1020 335 30.28 570
10.38 340 29.97 5.71
1053 345 34.16 5.42
10.68 350 31.53 5.44
10.83 355 33.18 4.62
1098 36.0 31.41 5.32
11413 36.5 2805 4.94
11.28 37.0 23.74 5.43
1143 375 24,03 5.19
11.58 380 2873 &.186
11,73 385 29.80 56.19
11.88 380 29.55 5.05
12.056 39.5 2532 4.72
12.20 40.0 2219 4.46
1235 405 24.43 4.30
1250 41.0 24.85 3.66
1265 415 21.29 3.25
12.80 420  19.81 3.04
1295 425 18.87 279
13.10 43.0 19.60 2.48
1325 4356 21.70 2.84
13.40 440 2224 2862
13.58 445 2252 2.78
13.73 450 25.15 3.77
13.88 455 26.20 3.80
14.03 460 24.44 3.02
1418 465 22,65 2.43
14.33 470  20.81 1.98
1448 475 20.51 212
1463 480 2261 2.50
1478 485 20.83 213
1483 490 2093 2.27
15.10 495  20.67 211
156.25 500  19.08 2.25

MO N ORI OO U OO R G LWWIWOOWWowwahaowoooowowowowww

Qe
Denslly to SPT or
N_N(B0) Cog_ Qcin Fines Di

Cn
Norm.

1 Est.
Sail Soll Density or
_Type Clagsification USC  Consistency  (pel)
3 Clay CUCH  very stlff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH hard 125
3 Clay CL/CH  very stiff 125
3 Ciay CL/CH  very stiff 125
3 Clay CL/ICH  very stiff 125
3 Clay CLICH  very sliff 125
3 Clay CL/ICH  very stiff 125
4 Silty Clay to Clay CL very stiff 125
3 Clay CL/ICH  very sliff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH  very stiff 125
3 Ciay CL/CH  very stiff 125
3 Clay CL/ICH  very stiff 125
3 Clay CL/ICH  very stiff 125
3 Clay CL/CH  very stiff 125
3 Clay CL/CH  very stiff 125
4  Silly Clay to Clay CL very stiff 125
5 Clayey Siltto Silty Clay ~ ML/CL  very stiff 120
5 Clayey Siit to Silly Clay ML/CL  very stiff 120
5 Clayey Slit to Silty Clay ML/CL  very stiff 120
5 Clayey Siltto Silty Clay ~ ML/CL  very stiff 120
5  Clayey Silt fo Silty Clay ML/CL  very stiff 120
5 Clayey Slit to Slity Clay ML/CL  very stiff 120
5 Clayey Silt io Silty Clay ML/CL  very stiff 120
6 Clayey Slit fo Silty Clay ML/CL  very stiff 120
5 Clayey Siltto Silty Clay ~ ML/CL  very stiff 120
5 Clayey Silt to Siity Clay ML/CL  very stiff 120
5 ClayeySiltto Slity Clay ~ ML/CL  very stiif 120
5 Clayey Slitto Silty Clay ~ ML/CL  very stiff 120
6 Sandy Silt to Clayey Silt ML vary loose 118
6 Sandy Siltto Clayey Silt ML very loose 115
5 Clayey Silt to Silty Clay ML/CL  very stiff 120
6 Sandy Silt to Clayey Silt ML very loose 115
5 Clayey Slit to Silly Clay ML/CL  very stiff 120
6 Sandy Siltto Clayey Sit ML very loose 115
5 Clayey Siltto Silty Clay ~ ML/CL  very sliff 120

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.8
13
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.8 14
25 10
25 9
25 8
25 8
25 8
25 9

9

9

23
25
28
28
30
26
24
24
27
25
19
25
23
19
19
23
24
24
20
18

0.93
0.92
0.92
0.91

0.91

0.90
0.89
0.89
0.88
0.88
0.87
0.87
0.86
0.86
0.85
0.85
0.85
0.84
0.84
0.83
0.83
0.82
0.82
0.82
0.81

0.81

0.81

0.80
0.80
0.80
0.79
0.79
0.79
0.78
0.78
0.78
0.77
0.77
0.77
0.76

25
2.5
25
25
25
25 9
3.5
3.5
2.5

6 15.4
6
9
35 6
8
6
8

15.1

16.2
25
35
2.5

15.0

0 0-Senm(18),1.RAC(63) 2. PHT{TA}
Est. Rel. Nk: 17.0 T
% Dens. Phi Su

r(%) (dea) (tsf) OCR |

100 1.61 >10
100 175 >10
100 197 >10
100 2.00 >10
400 2.10 >10
100 1.83 >10
100 1.70 9.59
100 1.68 9.19
100 193 >10
100 1.77 9.79
100 1.87  >10
100 177 919
100 162 7.70
100 1.31 542
100 133 542
100 160 7.13
100 167 7.56
100 165 7.27
100 140 553
100 122 437
100 1.35 6.54
100 137  9.39
100 1.16 6.88
100 1.07 6.00
100 1.02 6.42
100 1.06 5.786
100 118 ©6.65
100 1.21 6.88
100 1.23 6.88
100 138 827
100 1.44 885
100 134 7.70
100 123 86.54
100 17 30
100 17 30
100 1.23  6.32
100 17 30
100 113 542
100 16 30
100 1.01 447




CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA
—.LOCATION: See Site and Boring Location Plan

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Eleclric

Cone wilh 23 ton reaction weighl

DATE; 12/20/04

LOG OF CONE SOUNDING DATA CPT-3
[y
w
i INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
b From Robertson & Campanella (1989) Qe {isf) Fs (Isf) FR= Fs/Qc (%)
B 0 100 200 300 w00 5, 8 2 4 s 8
o NDEL. o) g -
= —— T T TT T TTTT T = T [T
. | Clay " " hard = L e . S
| | sandySiltto Clayey Sit ML very denss \
| .| Slity Sand lo Sandy Silt. SM/ML  very dense - R .
| ] _SilySondioSandySilt_* " verydenss ) ) [S
| _| _Sandy Sil lo Clayey Sill. ML dense . = —
L ] Clay CL/CH  stiff 8/ (( E
. ] Clay "ot tiff i =
| | Clay o sliff & <-—,
|4 Clay oM sliff e s = ——
_10_ Clay "N sl " )
L | Clay "o sliff L - i - I ——
| | Clay . very silif T
L | Clay " very sUiff — e -
. | Clay iy very sliff g
| ] Clay R 1[4 LA
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CONE SOUNDING: CPT-3
Est. GWT (f): 12.0

LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Rabertson & Campanella, 1989, refer to Key to CPT logs)
__Dale: 12/20/04

_Project ORMAT Heber 2 Facllities, Heber, CA__ Project No: LE04354.

Phi Carrolation: 0 0-Schm{75),1-REC(E3) 2-P11(74

Rel.
Dens.

104
103
103
102
103
102
92

Mk:
Phi

43
42
42
42
42
42
41

17.0
Su

3.04
273
2.37
3.62

2.34
0.76
0.756
0.43
0.85
0.80
0,55
0.61
0.82
0.85
0.82
0.80
0.79
1.18
1.36
1.04
1.02
112
1.02
0.83
0.81
0.75
0.74
0.90
1.08
0.86
0.88
0.91
0.96
0.73
0.60
0.68
0.82
0.99
1.20
1.39
2.98
1.98
1.05
1.18
1.47
1.48
1.22
1.32
1.14
1.06
1.00
1.21
1.14

>10
>10
>10
>10

>10
>10
>10
6.10
>10
>10
6.54
7.00
>10
>10
>10
>10
8.56
>10
>10
>10
>10
>10
>10
7.00
6.65
5.85
5.31
713
9.59
6.32
6.32
6.43
6.88
4.37
3.28
3.74
4.89
6.32
8.41
>10
>10
>10
6.10
7.13
>10
>10
713
8.00
6.10
5.31
4.78
6.32
5.65

Base Base Awvg Avg 1 Est. Qc Cn Est.
Depth Depth  Tip Friction Sall Soll Densilyor Densily to SPT or Nom. %
|lmoters foet  Qc, isf Ralio, % _ Tvpe Classification USC __ Consistency  (pcf) N N(60) Ca_ Qcin FinesDr (%) (deg.) (tsf) OCR |

015 05 5176 336 5 5 ClayeySilllo Silty Clay ~ ML/CL  hard 120 25 21 2,00 50
030 1.0 4642 766 3 3 Clay CL/CH hard 126 1.3 37 200 75
045 15 4035 6793 3 Clay CL/CH hard 125 1.3 32 200 75
0.680 2.0 61.72 480 4 4 Silly Clay to Clay CL hard 125 1.8 35 200 55
075 2.5 10967 3.07 6 6 SandySiltto Clayey Silt ML very dense 115 35 31 200 2073 35
0.83 30 11860 264 7 7 Silty Sand to Sandy Silt  SM/ML  very dense 116 45 26 200 2242 30
1.08 35 127.70 243 7 7 Sitty Sand to Sandy Sitt  SM/ML  very dense 115 4.5 28 2.00 2414 25
1.23 40 13115 202 7 7 SitySandto Sandy Sit  SM/ML very dense 115 45 28 200 2478 25
138 4.5 14755 1.96 7 7 Slity Sand to Sandy Silt  SM/ML  very dense 116 4.5 33 200 27889 20
1.53 50 148.38 2057 7 SlitySandto Sandy Silt  SM/ML  very dense 115 45 33 1.94 2717 20
168 55 11144 228 7 7 SlitySandto Sandy Silt  SM/ML  very dense 116 45 25 185 1944 25
1.83 6.0 4017 4025 5 ClayeySlltto Silty Clay  MUCL hard 120 25 16 1.76 60
198 6.5 13.36 5183 3 Clay CL/CH  stiff 125 1.3 11 1.69 100
213 7.0 13.22 5653 3 Clay CL/CH  stiff 125 1.3 11 1.62 100
228 75 7.68 4853 3 Clay CL/ICH firm 126 13 6 1.56 100
245 80 1150 455 3 3 Clay CL/CH  sliff 126 13 9 151 100
260 85 1061 349 4 4 SlityClayto Clay CcL stiff 126 1.8 6 146 95
275 90 9.81 4103 3 Clay CL/CH  stiff 125 13 8 142 100
290 9.5 10.85 5093 3 Clay CU/CH  stiff 25 13 9 138 100
3.056 100 1461 636 3 3 Clay CL/CH  stiff 126 1.3 12 1.34 100
3.20 105 1497 5813 3 Clay CL/CH  stiff 125 1.3 12 1.32 100
335 110 1449 6533 3 Clay CL/CH  stiff 125 1.3 12 1.31 100
350 115 1584 5423 3 Clay CL/CH  stiff 126 1.3 13 1.28 100
3.65 120 1415 5013 3 Clay CL/CH  stiff 126 1.3 11 1.27 100
3.80 125 2031 5153 3 Clay CL/CH  very stiff 125 13 16 1.26 95
3.95 13.0 23.81 5793 3 Clay CL/CH  very stiff 126 1.3 19 1.24 95
413 135 1835 6423 3 Clay CL/CH  vary stiff 126 1.3 15 1.23 100
428 140 1813 6733 3 Clay CL/CH  very stiff 125 1.3 15 1.22 100
4.43 145 1970 6.56 3 3 Clay CL/CH  very stiff 125 13 16 1.20 100
458 150 1807 5713 3 Clay CL/ICH  very stiff 126 13 14 148 100
473 155 14.86 524 3 3 Clay CL/CH  stiff 126 1.3 12 118 100
4.88 16.0 14.60 5683 3 Clay CL/CH  stiff 128 13 12 147 100
503 16.5 1349 6253 3 Clay CL/CH  stiff 125 13 11 116 100
518 17.0 1331 544 3 3 Clay CL/ICH  stiff 125 13 11 1.14 100
533 17.5 1620 6213 3 Clay CL/CH  stiff 125 13 13 1.8 100
5.48 180 19.16 5983 3 Clay CL/ICH  very stiff 125 13 15 1.12 100
565 185 1549 6803 3 Clay CL/CH  stiff 125 1.3 12 1.1 100
5.80 19.0 15.81 6.883 3 Clay CL/ICH  stiff 125 1.3 13 1.0 100
5.95 19.5 16.32 7003 3 Clay CL/CH  stiff 125 13 13 1.08 100
6.10 20.0 17.26 5953 3 Clay CL/CH  stiff 126 1.3 14 1.08 100
6.25 20.5 13.28 576 3 3 Clay CL/CH  stiff 126 13 11 107 100
6.40 21.0 11.14 684 3 3 Clay CL/CH  stiff 126 13 9 1.086 100
6.55 21.5 1248 7403 3 Clay CL/CH  stiff 126 1.3 10 1.06 100
6.70 22.0 1492 7623 3 Clay CL/ICH  sliff 125 13 12 1.05 100
6.85 225 17.77 698 3 3 Clay CL/ICH  sliff 125 13 14 1.04 100
7.00 23.0 21456 7343 3 Clay CLICH  very stiff 125 13 17 1.03 100
7.18 235 2458 7843 3 Clay CL/ICH  very stiff 126 13 20 1.02 100
7.33 240 5165 368 5 5 ClayeySilttoSiltyClay  ML/CL hard 120 25 21 1.02 70
7.48 245 3437 4913 3 Clay CL/CH  very stiff 125 1.3 27 1.01 95
7.63 25.0 18.84 5443 3 Clay CL/CH  very stiff 126 13 15 1.00 100
7.78 255 21.09 6413 3 Clay CLICH  very stiff 125 1.3 17 0.99 100
793 26.0 26.12 5493 3 Clay CLICH  very stiff 126 13 21 0.98 100
8.08 26.5 26.28 566 3 3 Clay CLICH very stiff 125 13 21 098 100
8.23 27.0 2192 5.06 3 3 Clay CLICH  very stiff 126 13 18 0.7 100
8.36 27.5 23.63 6.15 3 3 Clay CL/CH  very stlff 125 1.3 19 097 100
8.53 28.0 2049 6.07 3 3 Clay CL/ICH  very stiff 125 13 186 0.96 100
8.68 285 19.11 5873 3 Clay CLICH  very stiff 125 13 15 095 100
8.85 29.0 18.15 524 3 3 Clay CL/CH  siff 125 13 15 095 100
9.00 295 21.72 6.183 3 Clay CL/ICH  very stiff 125 1.3 17 094 100
9.15 30.0 20.63 6553 3 Clay CL/ICH  very stiff 126 1.3 17 093 100




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

e—Lroject, ORMAT Heber 2 Fagilities. Heber, CA _ Project No: LEQ4354 Date: 12/20/04
CONE SOUNDING: CPT-3
. Estewr(: 120 00 I ___PhiGorrelation: 0 _0-Schm(78).1-RAC(E3) 2PHI(74) |
Base Base Avg Avg 1 Est. Qc Cn Est. Rel. Nk: 17.0
Depth Depth  Tip Friction Soit Soill Density or Density {o SPT or Norm. % Dens. Phl Su
fmeters feet Qg tsl Rotio, % Type Classification USC __ Consistency  (pcl) N N(60) Cq  Qeldn Fines Dr (%) (deq.)  (1sf) OCR
930 305 2290 7513 3 Clay CL/ICH  very stiff 125 1.3 18 0.93 100 127 654
845 31.0 2057 623 3 3 Clay CL/CH  very stiff 126 1.3 16 0.92 100 114 542
960 315 1955 690 3 3 Clay CL/ICH  very stlff 126 1.3 16 0.92 100 1.08 4.89
975 320 2376 8373 3 Clay CLICH  very stiff 126 1.3 18 0.91 100 132 6.5
990 325 2430 8053 3 Clay CLICH  very sliff 125 1.3 19 0.90 100 135 6.65
1005 33.0 22.78 654 3 3 Clay CLICH  very stiff 125 1.3 18 0.90 100 1.26  5.88
1020 335 21.56 5813 3 Clay CL/ICH  very stiff 126 1.3 17 0.89 100 119 631
1038 340 20.82 6.40 3 3 Clay CLICH  very stiff 126 1.3 17 0.89 100 116  4.89
1053 345 2117 6.04 3 3 Clay CL/CH  very stiff 126 1.3 17 088 100 117 4.89
1068 350 2471 6053 3 Clay CL/ICH  very stiff 125 1.3 20 088 100 1.37  6.21
1083 355 2314 5813 3 Clay CLICH  very stiff 125 1.3 19 0487 100 128 5.53
1098 360 19.96 5213 3 Clay CLICH  very stiff 126 1.3 16 087 100 1.09 4.28
1113 365 19.03 4883 3 Clay CL/ICH very stiff 126 1.3 15 0.88 100 1.04  3.91
11.28 37.0 16.19 4333 3 Cly CL/CH  stiff 126 1.3 13 0.86 100 087 3.07
1143 375 16.02 5363 3 Clay CL/ICH stiff 125 1.3 13 085 100 0.86 3.00
1168 38.0 16.15 506 3 3 Clay CLICH  stiff 125 1.3 13 085 100 0.86 3.00
1173 385 17.81 4753 3 Clay CL/CH  sfiff 126 1.3 14 085 100 096 3.35
11.88 39.0 21.66 441 4 4  Siity Clay to Clay CL vary stlff 125 1.8 12 064 100 119 585
1205 335 20.18 3.42 5 5 Clayey Slitto Silty Clay ML/ICL  very stiff 120 25 8 084 100 110 6.65
1220 40.0 17.00 262 5 5 Clayey Siltto Silty Clay ML/CL  stiff 1200 25 7 083 100 0.91  5.00
1235 405 2064 432 4 4 Siilly Clay to Clay CL very stiff 125 1.8 12 083 100 112 5.00
1250 410 36.57 370 5 &5 ClayeySilttoSiltyClay  MUCL hard 120 25 15 082 95 206 >10
1265 415 31.64 464 4 4 Silty Clay to Clay cL very stiff 125 1.8 18 0.82 100 177  >10
12.80 42.0 2358 3.56 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.82 100 129 8.14
1295 425 2497 328 5 5 ClayoySilttoSilty Clay  MUCL  very stiff 120 2.5 10 0.81 100 137 8.5
1310 43.0 19.07 2716 5 ClayeySiltto Silty Clay ~ ML/CL  very stiff 120 25 8 081 100 103 5.42
13.25 435 1886 298 5 5 ClayeySilttoSiltyClay  ML/CL  very stiff 120 25 8 081 100 1.01 531
1340 440 1954 320 5 5 ClayeySiltto SityClay ~ ML/CL  very stiff 120 25 8 080 100 106 5.53
13.58 445 1929 3.97 4 4 SlityClayto Clay cL very stiff 126 1.8 11 0.80 100 1.04 391
1373 450 19.79 3.86 4 4 Silty Clay to Clay CL very stiff 125 1.8 11 0.80 100 107  4.00
13.88 455 17.66 3.31 8 5 Clayey Siit o Silty Clay MLICL  stiff 120 25 7 079 100 094 4.47
1403 46.0 16.42 218 5 5 Clayey Silt to Silty Clay MU/CL  stiff 120 25 7 079 100 087 3.91
14.18 465  15.61 2355 5 ClayeySilttoSilty Clay ~ ML/CL  stiff 120 25 6 0.78 100 0.82 3.58
14.33 47.0 16.68 180 6 6 SandySiltto Clayey Silt ML very loose 115 35 & 078 123 100 1M 29
1448 475 1825 180 6 6 SandySiltto Clayey Silt ML very loose 115 356 5 078 134 100 13 30
14.63 48.0 19.39 243 5 5 ClayeySlitio Silty Clay ~ ML/CL  very sliff 120 25 8 0.78 100 1.04 4.89
1478 485  19.38 3.87 4 4 SityClayto Clay CcL very stiff 126 1.8 11 0.97 100 1.04 3.58
1493 490 1913 2895 5 ClayeySilttoSityClay  ML/CL  very stiff 120 25 8 077 100 102 457
1510 495 16.46 159 6 6 SandySlitto Clayey Silt ML very [oose 115 35 &5 077 118 100 10 29
15.26 50.0 186.91 283 5 5 Clayey Slitio Slity Glay ML/CL  stiff 120 25 7 0.76 100 088 374
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LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Fagilities, Heber, CA
JOB NO: LE04354
DATE: 12/28/04
ATTERBERG LIMITS (ASTM D4318)
Sample Liquid Plastic Plasticity USCS
Sample Depth Limit Limit fndex Classif-
Location (ft) (LL) (PL) (PI) ation
CPT-1 0-1.5 35 18 17 CL
CPT-2 0-2 35 17 18 CL
CPT-3 0-1.5 36 15 21 CL
[PLASTICITY CHART]
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Geo-Engineers and Geologists
o DEE/NIBE/SBE Compsny Atterberg Limits Plate
Project No: LE04354 Test Results C-1




LANDMARK CONSULTANTS, INC.
CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA
JOB NO: LE04354
DATE: 12/28/04
CHEMICAL ANALYSES
Boring: CPT-1 CPT-1 CPT-2 CPT-2 CalTrans
Sample Depth, ft: 0-1.5 153 0-2 2-3 Method
pH: 7.9 7.9 7.8 7.9 643
Electrical Conductivity (mmbhos): 2.5 1.7 1.8 0.9 424
Resistivity (ohm-cm): 260 1000 300 1000 643
Chloride (Cl), ppm: 3,040 230 1,490 220 422
Sulfate (SO4), ppm: 2,812 3,006 1,500 1,106 417
General Guidelines for Soil Corrosivity
Material Chemical Amount in Degree of
Affected _Agent __Sail (ppm). Corrosivity
Concrete Soluble 0-1000 Low
Sulfates 1000 - 2000 Moderate
2000 - 20,000 Severe
> 20,000 Very Severe
Normal Soluble 0-200 Low
Grade Chlorides 200 - 700 Moderate
Steel 700 -1500 Severe
> 1500 Very Severe
Normal Resistivity 1-1000 Very Severe
Grade 1000-2000 Severe
Steel 2000-10,000 Moderate
10,000+ Low
GeoEugineers and Gologists
8 DBE/MBESSBE Company Selected Chemical Plate
Project No: LE04354 Analyses Results C-2




LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA

JOB NO: LE04354

DATE: 12/28/04

CHEMICAL ANALYSES

Boring: CPT-3 CPT-3

CalTrans
Sample Depth, ft: 0-1.5 1.5-3 Method
pH: 7.9 7.8 643
Electrical Conductivity (mmhos): 1.5 1.3 424
Resistivity (ohm-cm): 450 1000 643
Chloride (Cl), ppm: 570 210 422
Sulfate (SO4), ppm: 1,785 1,052 417
General Guidelines for Soil Corrosivity
Material Chemical Amount in Degree of
Affected _Agent _ —Soil (ppm). Corrosivity
Concrete Soluble 0-1000 Low
Sulfates 1000 - 2000 Moderate
2000 - 20,000 Severe
> 20,000 Very Severe
Normal Soluble 0-200 Low
Grade Chlorides 200 - 700 Moderate
Steel 700 - 1500 Severe
> 1500 Very Severe
Normal Resistivity 1-1000 Very Severe
Grade 1000-2000 Severe
Steel 2000-10,000 Moderate
10,000+ Low
Geo-Engineers and Geologists
2 DBE/MBEISBE Company Selected Chemical Plate
Project No: LE04354 Analyses Results C-3
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].IAN DMAHK el o
El Centro, CA 92243

Geo-Engineers and Geologists D) BIosol
{760} 337-8900 fax

May 9, 2007
77-948 Wildcat Drive
Palm Desert, CA 92211
{760) 360-0665

Mr. Yuri Gal (760) 360-0521 fax

ORMAT Nevada, Inc.

947 Dogwood Road

Heber, CA 92249

Geotechnical Investigation
Proposed Heber South Geothermal Plant
Dogwood Road
Heber, California
LCI Project No. L0O7178

Dear Mr. Gal:

Landmark Consultants, Inc. is pleased to present this geotechnical report update for design and
construction of the Heber South Geothermal Plant facility located on Dogwood Road south of Heber,
California. The project site is located in the southwest corner of the existing Heber geothermal plant
site. The proposed plant will consist of one OEC unit, one cooling tower, and various ancillary
structures including pumps, filters, and shelter.

This update report presents selected elements of our findings and recommendations only. For the
proper application of our findings and recommendations, reading of the full geotechnical report (L.CI
Report No. LE04354, dated January 5, 2005) is required, and are best evaluated with the active
participation of the engineer of record who developed them.

The scope of work consisted of conducting two (2) electronic CPT soundings within the OEC and
cooling tower footprints and review of the existing geotechnical report for the Heber 2 plant
expansion (Landmark, 2005) to determine suitability of the prior geotechnical report for use with the
design and construction of the proposed Heber South plant.

Small structures are planned for electrical control panels, consisting of masonry or panelized
concrete construction. Expected footing loads are estimated at 1 to 2 kips per lineal foot for the
small structures. Expected plant components, cooling tower and turbine/generator columns loads
range from 5 to 400 kips. If structural loads exceed those stated above, wWe should be notified so we
may evalunate their impact on foundation settlement and bearing capacity. Site development will
include foundation support pad preparation and underground utility installation.



Subsurface Exploration
Subsurface exploration was performed on May 2, 2007 using Holguin, Fahan, & Associates, Inc. of
Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an
approximate depth of 50 feet below existing ground surface. The soundings were made at the
locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations
were established in the field and plotted on the site map by sighting to discernable site features.

Interpretive logs of the CPT soundings were produced and presented in final form aftet review of
field and laboratory data and are presented on Plates B-1 and B-2 in Appendix B. A key to the
interpretation of CPT soundings is presented on Plate B-3. The stratification lines shown on the
subsurface logs represent the approximate boundaries between the various strata. However, the
transition from one stratum to another may be gradual over some range of depth.

Subsurface soils encountered during the field exploration conducted on May 2, 2007 consist of
medium dense to dense silty sands extend to a depth of 4 to S feet below ground surface. Stiff to
very stiff clays extend from 4 feet to a depth of 50 feet, the maximum depth of exploration. The
subsurface logs (Plates B-1 and B-2) depict the stratigraphic relationships of the various soil types.

Groundwater Elevation
Groundwater was not noted in the CPT soundings at the time of exploration, but is typically
encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is
uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil.
Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and
site grading. The referenced groundwater level should not be interpreted to represent an accurate or

permanent condition.

Seismic Parameters
The project site is located in the seismically active Impetial Valley in Southern California, and is
considered likely to be subjected to moderate to strong ground shaking from earthquakes in the
region. The project site lies approximately 11.3 km southwest of the Imperial Fault. Strong ground
shaking can be expected for magnitudes of 6.0 to 7.2 events on the Imperial Fault with a recurrence
interval for 6.0 magnitude events at about 29 years. We have used the computer program FRISKSP
(Blake, 2000) to provide a probabilistic estimate of the site Peak Ground Acceleration (PGA) using
the attenuation relationship of Boore, Joyner, and Fumal (1997) NEHRP D (250). The PGA estimate
for the project site having a 10% probability of being exceeded in 50 years (return period of 475

years) is 0.60g.



CBC Seismic Coefficients: The California Building Code (CBC) seismic response coefficients are
calculated from the near-source factors for Seismic Zone 4. The near-source factors are based on the
distance from the fault and the seismic source type. The following table lists seismic and site
coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. This site lies within
11.3 km of a Type A fault overlying S, (stiff) soil.

CBC Seismic Coefficients for Chapter 16 Seismic Provisions

o : Near Source Factors | Seismic Coefficients
CBC Code | Soil Profile SCISITIIC DlSta..l’}CC fo
Edition e Source Critical
Type Source Na Nv Ca Cv
Sp
2001 (stiff soil) A <11.3 km 1.00 1.15 0.44 0.74
Ref, Table 16-J 16-U 16-S 16-T 16-Q 16-R

Liquefaction Potential
Evaluation of liquefaction potential at the site indicates that it is unlikely that the subsurface soil will
liquefy under seismically induced groundshaking due to the predominance of cohesive clay (non-
liquefiable) subsurface soil below the groundwater depth. No mitigation is required for liquefaction
effects at this site.

Lateral Earth Pressures
Earth retaining structures, such as retaining walls, should be designed to resist the soil pressure
imposed by the retained soil mass. Walls with granular drained backfill may be designed for an
assumed static earth pressure equivalent to that exerted by a fluid weighing 55 pef for unrestrained
(active) conditions (able to rotate 0.1% of wall height), and 70 pcf for restrained (at-rest) conditions.

Surcharge loads should be considered if loads are applied within a zone between the face of the wall
and a plane projected behind the wall 45 degrees upward from the base of the wall. The increase in
lateral earth pressure acting uniformly against the back of the wall should be taken as 50% of the
surcharge load within this zone. Areas of the retaining wall subjected to traffic loads should be
designed for a uniform surcharge load equivalent to two feet of native soil.



Walls should be provided with backdrains to reduce the potential for the buildup of hydrostatic
pressure. The drainage system should consist of a composite HDPE drainage panel or a 2-foot wide
zone of free draining crushed rock placed adjacent to the wall and extending 2/3 the height of the
wall. The gravel should be completely enclosed in an approved filter fabric to separate the gravel
and backfill soil. A perforated pipe should be placed perforations down at the base of the permeable
material at least six inches below finished floor elevations. The pipe should be sloped to drain to an
appropriate outlet that is protected against erosion. Walls should be properly waterproofed. The
project geotechnical engineer should approve any alternative drain system.

Structure Support Pads/Foundation
The subsurface exploration conducted in May 2007 identified engineering properties of the soil
nearly identical to the Landmark, 2005 geotechnical report. The findings and recommendations
within the 2005 geotechnical report may be used for the Heber South project. A copy of the
Landmark 2005 geotechnical report is provide in Appendix C.

Closure
We appreciate the opportunity to provide our findings and professional opinions regarding
geotechnical conditions at the site. If you have any questions or comments regarding our findings,
please call our office at (760) 370-3000.

Respectfully Submitted,
Landmark Consultants, Inc,

Steven K. Williams, CEG
Senior Engineering Geologist

No 31921
EXPIRES 12-31-08

Jeffrey O. Lyon, PE
President
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GLIENT: Ormat Nevada

PROJECT: Heber South Geothermal Plant -- Heber, CA

CONE_ PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Eleciric

Cone with 23 ton reaction weight

DEPTH (FEET}

_LOCATION: See Site and Boring Location Plan

INTERPRETED SOIL

PROFILE

From Robertson & Campanella (1969)

GROUND EL. /-

__DATE; - 06/02/07

LOG OF CONE SOUNDING DATA CPTA

TIP RESISTANCE
- Qef(lsh)
0 100 200 300 400 0

SLEEVE FRICTION

Fs (tsh
4 ) 8

FRICTION RATIO
FR = FsIQc (%)
0 2 4 6 8

0
1T FTT] TR ETT ‘?lll I

. Silty Sandto Sandy Silt SM/ML very dense
|| SilySendioSendySil " “  very dense
| _|_SilySandloSandy Sit_" " very dense
| _|_Sandy Sill to Clayoy Silt_ML donse - L2
L o - T UCUGH st f
. | Clay o stiff
| | Clay "om stiff i
| | Clay o stiff - ]
. | Clay " very sliff -
_10_ Clay "o very sliff FY<] M S d ! .
|| Silty Clay to Clay CL sliff = .
[ ] oy CLCH stiff L | i
| | Cray ‘M varyetiff | |
[ | clay LT : I
[ ] oy " e 5 '
. | Clsy =" very sllif '
] Clay v very slff i
| | Clay """ veryellff’
L | SiltyGlay to Clay CL very stiff f
=20 Clay CL/CH very sl‘iﬁ 20 =1 L S
| | Clay "o" very sliff 2 i 1
| Clay "o very efiff ] A g
| _| Clay e very siitf Z I \
| Clay “ " vary sliff . |
L Clay - " very sliff I 2 |
[ ] ocrey wom it i
| | clay “oh o lif < [
| cly “e et ;
. Clay vt stiff L | H
Land Cley v very sUff *
30_ Clay "ot very sliff »
| Clay "M very stiff .. o
. Clay LA very stiff
. J Clay "R stiff :
. | Clay *oR o tiff \ |
| | Silly Clayto Clay CcL very sliff 2 2 =]
L] cmy CL/CH  vary i k
. |_Siity Clay ta Clay CL vary sliff :
| * | Clayey Siltto Sitty Clay MLICL very slift f
40 Claysy S!Il to Silly Clay " " vs'ry'.aliﬁ 40 ot
] ClayeySiltio Sily Clay * " stiff g | |
| ClayeySilito SillyClay * " very stifi i i |
i Clayey Silt o Silty Clay " " very stiif { ! '
L Silly Clay lo Clay CL very stiff ! .
| ] Clayey Siltto Silly Clay MLIGL  very stitf 2 f
| _| Clayey Silt oSillyClay " "  very stiff :
| _| ClayeySilltoSiftyClay " ". vary sliff g
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION  {based on Robertson & Campanella, 1988, réfer to Key to CPT logs)

___Project. Heber South Plant — Heber, CA Project No: LE0O7178 Date: 05/02/07
C ING: CPT-1
Est. GWT (). 10.0 . Phi Correlation: 0 - 0-Schm(78),1-R5C{83)2-PHT(74)
Base Base Avg  Avg 1 Esl. Qo Cn -~ Est Rel Nk 17.0
Depth Depth Tip ~ Friction Soll- Soil " Densityor . Denslty to SPT' or Norm. - % Dens. Phi  Su
‘_malera feat Qc, tsf Ralio, % Type Classification USC ___ Conaistency (pcf) N N({EO) Cq Qein FinesDr (%) (deg) (ts) OCR |
015 05 66.25 2047 7 Siity Sandto Sandy Silt  SM/ML  very dense 1156 45 15 200 1252 35 122 45
030 10 8318 2756 8 SandySilttoClayey Sit ML - very dense 115 . 35 25 200 1887 35 114 44
045 15 77.73 1957 7 Silty S?nd to Sandy Silt SM/ML very dense 118 4.5 17 200 1468 30 103 42
0680 20 9253 180 7 7 Silty Sand to Sandy Sit  SM/ML.  very dense 115 45 217 2,00 1749 25 103 42
075 25 9395 202 7 7 . SiltySand to Sandy Sit  SM/ML  very dense 115 45 21. 200 1776 25 100 42
083 30 7768 240 7 7 Silly Sand to Sandy Silt ~ SM/ML »\'lery dense: 116 4.6 17 200 1468 35 =N 4“1
108 35 7447 2386 6 SandySittoClayeySit ML dense “415 85 21 200 1408 35 88 40
123 40 5273 283 6 6 Sandy Siltto Claysy Slit ML dense 116 35 18 2.00 907 45 75 39
138 45 18.40 8553 3 Clay CUCH  very stif 126 1.3 15 200 80 1.07 >10
153 50 13.75 5023 3 Clay CL/CH -stiff ~126 13 11 195 100 0.79 >10
168 55 12,39 5113 3 Clay CL/CH  stiff 125 13 10 1.85 100 071 >10
183 B0 10.98 5453 3 Clay CL/CH  stitf 125 13 9 1.77 100 0.83 >10
198 65 13.51 477 3 3 Clay CL/CH  stiff 126 13 11 1.69 95 0.77 >10
213 7.0 14.72 556 3 3 Clay CL/CH sliff 126 1.3 12 162 100 0.84 >10
228 75 16.58 5713 3 Clay CUCH  sliff 125 1.3 13 1.58 95: 095 >10
245 8.0 17.99 5723 3 .Clay CL/CH  very sfiff 125 .13 14 151 95 1.02 >10
260 85 18867 5213 3 Clay CUCH .very stiff 126 1.3 15 146 a0 1.07 =10
275 90 19.02 5073 3 Clay CUCH- very sliff 125 1.3 15 1.42 80 1.0 >10
280 95 2058 4593 3 Clay CUCH very stiff 125- 13 16 '1.38 a5 1.18 >10
3.05 100 1746 4913 3 Clay CU/CH _ stiff 125 1.3 14 1.34 95 0.99 >10
3.20 105 1545 414 3 3 Clay CL/ICH  stiif 126 13- 12 132 95 0.87 >10
3.35 11.0 13.93 3.83 4 4 Silty Clay to.Clay cL” stiff - 125 - 18 8 1.31 100 0.78 >10
350 11.5 13.83 4233 3 Clay CLCH stiff 125 13 11 1.29 160 0.78 B8.56
3.65 12.0 18.09 4653 3 Clay CL/CH very stiff 126 13 14 1.27 a5 1,02 >10
3.80 125 1870 6933 3 Clay CLICH  -very stiff 125, 13 15 128 100 1.06 >10
395 13.0 18.01 6353 3 Clay CL/ICH  very siff 126 1.3 14 . 1.24 100 1.02 >10
413 135 17.39 5153 3  Clay CL/ICH  sfiff 126 1.2 14 123 100 098 >10
4.28 140 1403 5203 3 Ciay CL/CH  stiff 126° 1.3 12 122 100 0.84 B.00
| 443 145 15.49 486 3 3 Clay CL/CH  stiff - 125 . 1.3 12" 1.20. 100 0.87 8.27
| 458 150 18.22 4653 3 Clay CL/ICH “very stiff 125 13 15 1.19 100 1.03 >10
473 155 2211 464 3 3 Clay- CLICH  vary stiff .125-. 1.3 18 1.18 95 126  >10
488 160 1985 4923 3 Clay CUCH verysilf - 125 1316 1.17 100 142 >10
503 16.5 10.77 49 3 3 Clay CUCH - very stiff 125 13 16 116 100 1.12 >10
5148 17.0 18.38 5963 3 Clay CL/ICH  very stiff 125 1.3 15 1.14 100 103 939
533 175 17.64 56863 3 Clay CL/CH stiff 125 13 14 1.13 100 089 B8.41 |
548 180 2550 4803 3 Clay CL/CH-  very siiff 125 13 20 112 95 145  >10
565 185 3247 3.36 5 & Clayey Silt to Silty Clay MUCL  very sliff 120 25 13 1.1 75 1.88 >10
5.80 190 13.48 4383 3 Clay CL/CH  stiff 126" 13 11 110 100 ‘0.74 4,89
595 195 18.41 4553 3 Clay CL/CH  very stlff ' 125. 1.3 15 1.09 100 103 8.00
6.10 200 22,07 5363 3 Clay CL/CH very stiff 125 13 18 1.08 100 1.25 >10
B.25 205 2457 5403 3 Clay CLICH -very stiff 126 1.3°20° 1.07 100 139 >10
640 21.0 2514 6133 3 Clay CL/CH very stiff 125 1.3 21 1.07 100 1.49 >10
655 215 2324 6193 8 Clay CLICH  very stiff 125 1.3, 19 1.068 100 1.31 >10
670 220 2266 5553 3 Clay CUCH  very stiif 25 13 18 1.05 100 128  >10
885 225 2625 897 3 .3 Clay CUCH Very stiff 125° 1.3 21 1.04 100 1.49 >10
7.00 230 2519 8173 23 Clay CL/CH  very stiff t26 13 20 1.03 100 1.42 >10
718 235 2218 6483 3 Clay CL/CH  very stiff 125 1.3 18 1.02 100 126 870
7.33 240 2108 6243 3 Clay CUCH  very sliff 125 1.3 17 . 1.02 100 118  7.85
7.48 245 23.54 7513 3 Clay CL/CH = very stiif 125 13 19 1.01. 100 132 938
763 250 21.31 6803 3 Clay ClL/CH  very stiff 126 1.3 17 1.00 . 100 118 7.58
778 256 18.21 6873 3 Clay CL/CH  very stiff 126 13 15 0.99 100 1.01 5865
793 260 150 6783 3 Clay CL/CH . sliff 125 1.3 13 - 0.89 100 087 437
8.08 265 13.54 5593 3 Clay CL/CH _stiff 125 13 11 0.98 100 ., 073 343
823 270 1178 5633 3  Clay CL/ICH  stiff 126 -1,3.. 9. .0.97 100 063 273
839 275 1449 5563 3 Clay CL/CH  stif 125- 1.3 12 097 100 070 358
8.53 28.0 16.02 5843 3 Clay CL/CH  stiff 125 13 13 0.96 100 087 409
8.68 28.5 15.04 5373 3 Clay CL/CH * stiff 125 13 12 095 100 0682 3.66
8.85 28.0 20.59 6983 3 Clay CL/CH  very stlif 126 1.3 16 095 100 114 588
2.00 285 16.05 6663 3 Clay CL/CH  stiff 125, 1.3 13 094 100 087 383
9.15 300 4448 337 5 5 Clayey Sill lo Silty Clay ML/CL hard 120 25 18 0.93 80 2.54 >10
830 305 2703 5863 3 Clay : CUCH _very stiff 125 1.3 22 093 100 1.52 885 |



- LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

DjlﬂJﬂQZM?
Esl GWT (fi): 10 0 ; g Phi Coirelation: 0 ¢-Schm{78),1-REC(83)2-PHT(74} |
Base Base Avg  Avg 1 _ Est Q¢ Cn Esl. Rel. Nk 17.0
Depth Depth Tip  Friction Soil Sail Densityor Density o SPT or Norm. % Dens. Phi Su
|maters feel  Qo, tsf Ralio, % Classlr cation Consistancy  {pcf) N N(80) Cq Qein FinesDr Ca_Qein FinesDr (%) (deg.)- (s _ OCR |
945 310 2488 4563 3 Clay - ' CL/ICH very sfiff :125 1.3 20 0.92 -100 1.39 7.41
‘9.60.31.5 1785 4683 3 Clay .CL/CH stiff 126 1.3 14 092 100 0.8 4.18
975 320 21.43 498 3 3 Clay 4 CLICH  very stiff 125 13- 17 0:91 100 1.19 553
0.90 325 19.94 $013 3 Clay . : CL/CH’ very sfiff < 125 13 16 091 100 1.10 4.78
1005 330 2187 6033 3 Clay ' CUGCH - vely stiff 125° 13 17 090 00 120 .65.42
1020 335 17.00 59 3 3 . Clay - CUCH  stff 125 1.3 14 089 100 093 366
10.38 340 13.75 5923 -3 fCI_%ly » CUCH sliff 126 .13 11 089 100 0.73 265
10.53 345 1475 527 3 3 Clay CL/CH  sfiff . 125 13 12 088 100 079 291
10.88 350 17.80 4913 3 Cley . CLICH stff . 125 1.3 14 0.68 100 0.97 368
10.83 35.5 19.50 4453 .3 Clay. CUCH  very sliff. 125 13 16 087 100 1.07 4.18
1098 36.0 20.06 4234 4 Sity Clay © Clay CL very stiff 3 . 125 18 11 087 100 - - 1.10 5.53
1113 365 23.73 5013 3 Clay CL/CH ve'ry‘ stiff 125 1.3 19 0.86 100 131 583
11.28 37.0° - 28.37 5333 3 Clay CUCH  very stiff 125 13 21 088 100 ’ 1.47 843
1143 375 20.22 5233 3 Clay CL/CH  very siiff 125 13 23 085 100 183 7.58
11.58 380 28.26 4004 4 Sty Clay to Clay CL very stiff 125. 1.8 16 . 0.85 100 ‘158  9.39
11.73 385 28.29 368 5 § ClayeySittoSityClay  ML/CL - very stiff 120 25 11 085 100 146 >0
1188 390 2498 3195 5 ClayéySlttoSityClay MUCL very stiff 120 25 10 084 100 138 >10
12.05 39.5 2362 3005 5 ClaysySiltto SiltyClay MUICL vary aliff 120 25 9 084 100 - 1.30 ¢.00
1220 400 2178 2805 5 ClayeySiltloSiltyClay MUCL verystf 120 25 9 0.83 100 118 7.56
12.35 405 17.57 275 5 5 Clayey Silt to Silty.Clay ML/CL  stiff 120 25 7. 083 100 084 5.21
1250 41.0 19.10 238 5 § Clayey Slifto Silty Clay MU/CL  very atlft 120 25 8: 083 100 1.03 588
1265 415 2254 2425 5 ClayeySitloSityClay - MUCL verysift . 120~ 25 9 D82 * 100 123 770
12.80 420 23.41 323 5. 5" Clayey Siltto Silty Clay.  ML/CL  very stiff 120 25 9. 082 100 128 8.4
12,95 425 22.05 3.08 5 &5 Claysy Siltto Silty Clay MUCL  very stiff 1220 25 9 081 100 1.20 7.13
13.90 43.0 21.46 2785 5 Clayey Siltto Silty Clay MUCL  very stif 20 25 9 081 100 117 865
13.25 435 22.21 3.76 4 4 Sily Clay to Clay cL very stiff 125 1.8 13 0.81 100 121 510
1340 440 2269 376 4 4 Silty Clay to Clay CL very sliff 125. 1.8 13 0.80 100 1.24 5§21
13.58 445  25.69 281 5 5 Claysy Siitfo Silty Clay ML/CL - very stiff 120 2.5 10 0.80 100 141 885
13.73 450 26.50 2665 5 .ClayeySilttoSiltyClay MUCL verystiff - 120 25 11 0.80 100 146 8.19
13.86 455 25.22 268 5 5 Clayey Siltlo Silty Clay MUCL  very stiff 120 25 10 0.79 100 1.98 8.27
14.03 460 2463 3105 5 ClayaySilttoSityClay  MUCL  very stiff 120 25 10 079 ~ 100 138 7.85
1418 465 1888 2935 5 ClayeySittoSiltyClay MUCL very stiff 120 25 8. 0798 100 1.01 4.89
14.33 470 1043 284 5 & . ClayeySilttoSiltyClay ML/ICL- verystif.. .~ 120 25 8 078 100 1.04  5.00
1448 475 22.40 3035 5 Clayey Siltto Silty Clay ML/CL - very stiff 120 25 9 078 100 122 8.32
1463 480 2312 2755 .5 ClayaySiltto SiltyClay  ML/CL  very aliff 120 25 9 078 100 126 6.54
1478 485 18.94 138 6 6 SandySlittoCleyeySit ML - very loose 116 35 5 077 138 100 14 30
14.93 48.0 18.77 1.78 8 6 - Sandy Silt to Clayey Silt © ML very loose 115" 35 &5 077 13.7 100 14 30
1608 485 2150 2735 5 ClayeySlittoSityClay  MLCL vary stiff 120 25 9 077 100 1.16 565
1525 §0.0 23.82 3125 5 Clayay Silt to Silty Clay MLICL  very stiff 120 25 10 096 100 1.29  -6.54 |




CLIENT: Ormat Nevada ' CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Elaclric

PROJECT: Heber South Plant -- Heber, CA : Cone with 23 lon reaction weight
LocATioN: See Site and Boring Location Plan DATE: 05/02/07
- LOG OF CONE SOUNDING DATA CPT-2
w
E INTERPRETED SOIL .PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
£ | From Robertson & Campanelia (1989) -+ Qo(tsf) B - Fs (taf) FR = Fe/Qc (%}
% o 100 200 300 4.00 0 .2 4 6 8 0 2 4 8
OUND EL. +/- ; .
[ Sily Sand to Sancy Sit_SWAL verydemss | 1T T I 1T [ T T 1T [T 117 [ FTT1T] T T
| ] silySandtoSandySit * “  verydenso e L B < i B
[ | sandtoSilySand ___ SP/SM_vory dense L~ . : - ! .
_|_Silty Sand to Sandy Silt_SMML _densa _ =] : |
| Clay CL/CH  very stiff | |
| | clay " * fim - . U .
L | Clay LN :
. | Clay v sliff s _ I
. _| Clay vt aliff
40~ Clay " very shiff 10 2 5= — ; s
L. Silly Clay to Clay CcL oliff N
| _| SliyClaytoClay v i LA |
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| | cley CLICH  stiff !
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J Cley Lt very stiff L _—
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] clay " very sliff pury =)
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| nn| Clay "' vary shiff L
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| _|.Clay S vary st . i .
L  Clay . " B vary stiff
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| _|_silty Clay to Clay, " very sliff . ]
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CONE SOUNDING: CPT-2

LANDMARK CONSULTANTS INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella. 1989 refer to Key to CPT Iogs)
ject: Heber South Plant — Heber, CA

Project No: LE07178

Date: 0500207 _

Est. GWT (1) 10.0 Phi Correlation: 0 0-Schm O-Scth_j ,1-REC(33).2-PHT(74)
Base Base Avp Avg 1 . Est. Qe Cn Est. Rel. Nk: 17.0
Depth Depth Tip  Friction Sail Sail Densityor. Density to SPT or ‘Norm. % Dens. Phi ° Su
Imeters feet Qe, tsf Ratio, % Type Classificalion USC __ Consistency (pc) N N(B0) Cq Qcin FinesDr{%) (deg) (is) OCR

015 05 8514 1817 7 SitySandto Sandy Sit SM/ML very dense 115 45 18 200 1810 25 130 46

030 1.0 12036 266 7 7 Silty Sand to Sandy Silt: SM/ML  very dense 115 45 27 200 2275 30 124 45

045 1.5 72.28 213 7 7 Siity Sand to Sandy SIit  SM/ML  very dense _ 1156 . 45 16 200 1366 30 101 42

060 20 11667 1128 B SendloSitySand  SF/SM very dense 115 55 21 200 2208 15 110 43

076 .25 13805 148 8 8 Sandto Silty Sand SP/ISM  very dense 115 65 25 200 28610 15 111 44

083 3.0 11713 178 7 -7 SiltySandto Sandy Sit  SM/ML - very dense 115 45 26 200 2214 20 104 42

108 35 6123 2127 7 SiitySendto Sandy Sit  SM/ML  very dense ‘1156 45 18 2.00 1535 30 80 41

123 40 7483 2127 7 Silly Sandto Sandy Sit SM/ML dense 115 45 17 200 1411 30 86 40

138 45 3490 380 5 & Clayey Siltto Silty Clay MUCL  hard 120 2.5 14 2.00 60 204 >10
163 50 1378 5453 3 Clay CU/CH  sfiff 126 1.3 1% 1.96 100 07¢  >10
168 55 7.57 7443 3 Cly CUCH  firm 125 13 6 1.86 100 043 >10
183 6.0 5.09 6883 3 Clay CUCH firm 125 13 5 177 100 033 8.10
188 65 9.47 4513 3 Clay CL/ICH - stiff 125 13 8 169 100 054 >10
243 70 11.68 4843 3 Clay CUCH  sfiff 1256 13 9 1.63 100 ©.86 >10
228 75 1481 6373 3 Clay CL/CH  sfiff- 126 1.3 12 1.57 ] 086 >10
245 80 1305 52863 3 Clay CL/CH  stiff 128 13 10 1.51 100 074 >10
260 85 1341 5403 3 Clay CUCH  stiff 125 13 11 148 100 076  >10
275 980 1540 6213 3 Clay CL/CH  stiff 125 1.3 12 1.42 100 088 >10
280 85 1824 4683 3 Clay CL/CH  very sliff 125 1.3 15 1.38 20 .04 >0
3.05 100 1740 4503 3 Clay CL/CH. stiff - 125 13 14 134 95 0988 >10
3.20 105 16.07 4153 -3 Clay CL/CH  sfiff 126 1313 132 95, 0.91 >10
335 110  13.34 348 4 .4 SiltyClayto Clay CL stiff 126 18 8 1.31 95 075 >10
350 11.5 1252 3244 4 SilyClaytoClay CL°  flif - 125 18 "7 129 © 100 0.70 * 9.79
385 120 1893 3914 4 SiltyClayto Clay CL very stiff 126 1.6 11 1.28 20 108 >0
380 125 31.15 438 4 4 SilyClayto Clay' CL very stiff 125 1.8 1B 1.28 75 179  >10
385 13.0 1948 4783 3 Clay CLU/CH vary. siiff 125 © 1.3 16 125 85 140  >10
413 135 1774 4743 3 Clay CL/CH  very “stiff 125 13 14 1.23 100 1.00  >10
428 140 1758 4343 3 Clay CL/CH  stiff 125 13 14 122 100 088 >10
443 145 21.21 5183 3 Clay CLCH  very stiff 125 1.3 17 1.20 100 120 >10
458 150 2043 483 3 3 Clay CUCH  very sliff 125 13 16 1.19 100 1.16  >10
473 155 2079 4753 3 Clay CUCH  very stiff 125 3.3 17 1.18 100 -148 >10
488 18.0 18.89 5793 3 Clay CL/CH  very stiff 125 1.3 15 1.17 100 1.07 >0
503 165 2341 4803 3 Clay CL/CH  very sliff 125 13 10 116 95 133 >10
518 17.0 2358 534 3 3 Clay CLICH : very stiff 125 13 19 1.14 100 1.34  >10
533 176 2327 4883 3 Clay CUCH  very stiff -125 13 19 143 100 1.32  >10
548 180 2219 5133 3 Clay CL/CH  veiy stiff . 125 .13 18 1.12 100 126 >10
685 185 2081 5103 3 Clay CU/CH  very stiff 126 - 13- 17 1.1 100 117 =10
580 190 1578 4982 3 3 Clay CL/CH  sfiff 126 1.3 13 -1.10 100 088 6.32
595 185 18.06 5233 3 Clay CL/CH siff 125 13 13 1.09 100 0.82 6.32
610 200 2281 6.98'3 '3 Clay CL/CH  vary stiff 125 1.3 18 1.08 100 128 >10
625 205 2853 6303 3 Clay CL/ICH  vaery stiff 126- 1.3 23 107 100 1.62 >10
640 210 2899 806 3 3 Clay CL/CH  very stiff .126 13 23 1.07 100 185 >10
6.55 215 24.82 6283 3 Clay CL/CH . very stiff 125 1.3 20 1.08 100 1.40 >10
6870 220 1848 5783 3 Clay CL/CH  very stiff 125 13 16. 1.05 100 1.03 6.88
685 225 1841 5893 3 Clay CL/GH  very stiff 125 1.3 15 1.04 100" 103 665
700 230 15.98 846 3 3 Clay CL/ICH stiff 125 13 13 1.03 100 088 &.10
7.18 23.5 46,63 462 4 4 Silty Clay to Clay CcL hard ‘125 1.8.27 1.02 8o 268 >10
7.33 240 4708 448 4 4  Silty Clay to Clay CL hard 125. 1.8 27 1.02 80 271 >10
748 245 23.27 467.3° 3  Clay CLICH * very stiff 126 1.3 18 101 100 131 9.00
783 250 21.09 5343 3 Clay CL/ICH  very stiff * 125 13 17 1.00. 100 118 . 7.4
778 255 2171 5853 3 Clay CL/CH  very stiff 125 1.3 17 099 100 121 7.56
793 260 19.90 547 3 3 Clay CU/CH  very stlff 126 1.3 16 099 100 111 832
808 265 2078 5593 3 Clay CUCH  very stiff 128 13 17 098 100 1.16 6.65
823 270 2198 5443 3 Clay CL/ICH vy stiff 125 13 18 097 100 123 7.13 |
838 276 2073 5533 3 'Clay CL/ICH  very stiff 125 1.3 17 097 100 115 6.32
853 28.0 2036 5623 3 Clay CU/CH very siiff 126 13 16 0.98 100 113 6.00
868 285 19.99 6113 3 -Clay CUCH - very stiff 126 1.3 16 085 100 1.1 576
885 290 18.33 5493 3 Clay - CL/CH  very stiff 125 1.3 15 0.95 100 101 489
9.00 235 17.78 8273 3 Clay CUCH sliff 1256 1.3 14 094 100 098 4.47
915 30.0 2076 5163 3 Clay CL/ICH - very stiff 125 1.3 24 093 100 1.68 >0
930 305 2538 6143 3 Clay CUCH _very stilf 125 1.3 20 093 . 100 142  7.85



LANDMARK CONSULTANTS ING.
CONE PENETROMETER INTERPRETATION (based on Robertson, & Campanella 1989, refer to Key to CPT Iogs)

____Project: Heber Sou RLE{BI\I — Heber, CA Pro;ﬁ_Lct No: LE071 78 _Date: 05/02/07
CONE SOUNDING: CPT-2 ’
Est. GWT (ft): 10.0 - Phi Correlation: 0 0-Schm({78),1-R&C(83) 2. PHT(TY) |
Base Base Avg Avg 1 Est. Qc Cn Est. Rel “Nk: 17.0
Depth Depth Tip  Friction Soil Soil Densityor Density to SPT or Norm. % Dens. Phi Su
melers feel  Qc, tsf Ralio, % Typa Classification Usc Consistency  (pef) N - N(60) Cqg__.Qcin Fines Dr (%) (dag_g___[t Q OCR
945 310 2565 608 3 3 Clay - CUCH  very stiff 125° 1.3 21 0.82 100 144 7.85
960 315 2499 6113 3 Clay CL/CH " very stiff 125, 1.3 20 092 100 140 7.27
.76 320 2442 5933 3 Clay CL/ICH  vely stiff 125 1.3 20 .0.91 400 1.38 6.88
9.90 325 2568 5423 3 Clay ' CL/CH  very stiff. 125 1.3 29 0.90 100 143 727
10.05 330 2643 5083 3 Clay CUCH  vary sfiff . 125 13 21 080 100 148 7.58
1020 335 2495 5313 .3 Clay CL/CH  very stiff 125 13 20 0.88 100 139 865
10.38 34.0 2288 5623 3 Clay CUCH  very stiff 125 1.3 18 0.8 100 127 585
10.53 345 25.51 5403 3 Clay CLCH  vary stiff 125 1.3 20 0.68 100 142 865
1068 350 27.31 458 4 4  Silty Clay to Clay CL very siiff 125 18 16 088 100 1.83  >10
10.83 355 230,04 4554 4 Sity'‘Clayio Clay CL  verysff - 125 1.8 17 087 100 189 >10
.10.98 36.0 29.52 452 4 4 SityClay to Clay CL vary stiff 1?5 18 17 0.87 " {00 1.85 >10
1113 365 3025 484 4 4 . Silty Clay to Clay . CL very stiff 125 1.8- 17 0.86° 100 170 >10
1128 37.0 2039 468 4 4 Silty Clay to Clay CL \}ery siiff 125 1.6.17 0.66 100 164 =10
1143 37.5 27.60 422 4 4 Silty Clay to Clay cL . very stiff 125, 18 18 0.85 100 1.54 9.00
11.58 38.0 2792 411 4 4 Sity Clay to Clay CcL very stiff. 125, 1.6 168 0.88 100 156 = 9.00
11.73 385 28,57 3775 5 ClayeySiltto Slity Clay MUCL verystiff - 120 25 11 0.85 100 1.5 =>10
1188 380 2482 3375 & ClayeySittoSityClay MLUCL very stiff 1200 26 10 084 100 138 >10
1205 395 2228 3.04 5§ 5 - Clayay Silt to Silty Clay ML/CL  véry stiff 120 25 9 084 100 1.22 800
1220 400 2464 345 § 5 Clayey Silt to Silly Clay ML/CL  very sfiff 120 25 10 0.83 . 100 138 950
1235 405 41.78 414 5 b5 ClayeySitto Slity Clay ML/CL  hard 126 25 17 0.3 95 237 >0
| 1250 41.0 €4.96 3228 6 SandySlittoClayey Silt ML meqium dense 415 - 35 19 083 507 76 52 35
i 1265 415 3237 3755 5 ClayeySilttoSityClay - MUCL very stiff 120 25 13 o082 100 181  >10
12.80 420 2275 3824 4 Siity Clay fo Clay CL very stiff 125 1.8 13- 082 . 100 125 553
1295 425 2278 3205 § ClaydySifitoSilyCley MUCL vary siiff 120 25 9 081 100 125 756
1310 430 19.79 3624 4 Sity ClaytoClay cL verystiff = 125 18 11 0.81 100 . 107 428
13.25 435 2386 3814 4 SityClayto Clay CL very afiff - 125 1.8 14 081 100 1.31 - 578
13.40 440 24.93 3005 5 ClayeySilttoSlityClay - ML/CL | very siff - 120 25 10 0.80. 100 1.37 841
1358 445 2348 2655 5 ClaysySilttoSityClay MUCL verystiff = 1200 25 9. 080 100 1.28 7.4
1373 450 2113 2785 5 Clayey Silt to Silty Clay ML/CL very stiff - 120 25 & 0.80 100 114 610
13.88 455 19.10 2735 5 ClaysySiltto Silty Clay  ML/CL  very stiff 120 25 8 079 100 1.02 5.0
14.03 46,0 19.63 223 5 § Clayey Sitto Slity Clay ML/CL  very stiff 20 25 B8 079 100 1.06 5.31
1418 465 1874 2125 5 ClayeySittoSityClay MUCL very stiff 420 .25 7 079 100 100 4.78
14.33 470 1883 249 5 5 Clayey Silt to Slity Clay ML/CL - very stiff 120 25 6 0.78 100 1.01 478
1448 475 18.85 242 5 5 Clayey Siltto Silty Clay MUCL  very stiff 120 25 8 078 100 1.01 468
1463 480 4753 2386 S ClayeySiltioSilyClay  MUCL stiff 120 257 078 100 0.93  4.09
14.78 485  168.01 208 5§ 5 Clayay Siitto Silty Clay ML/ICL  sliff 120 '25.6 077 100 0.84 358
14.93 48.0 2091 136 6 6 SandySlitto Clayey Slit ML “vary loose 116 -35 6 077 1562 100 17 30
15.09 485 17.28 176 8 6 Sandy Silt to Clayey Silt ~ ML very loose 116 35 § 0.77 125 100 11 30
1525 50.0. 1385 188 5 5 . Clayey Siltto SiltyClay  MUCL  sliff 120 .25 6 0.6 © 100 0.71 282




Simplified Soil Classification Chart
After Robertson & Campanella (1989) ’

Geotechnical Parameters from CPT Data:
Equivalent SPT N(60) blow count= Qc/{(Qc/N Ratio)

10005 ] T r——3 - N1(60):= Cn*N(80) Normalized SPT blow count
3 Cn =1/p'0)*0.5 < 1.6 miax. from Liao & Whitman (1986)
1 ] p'o = effective overburden pressure (tsf) using unit densities
’5" i given below and estimated groundwaler table.
. Dr = Relative density (%) from Jamiolkowski et. al. (1988) refationship
‘;..IQO*E- E - = .98 +68%0g(Q/p'0*0.5) where Qc, p'o in tonne/sgm
e 3 ] Note: 1 tonne/sqm = 0.1024 tsf, 1 bar =1.0443 tsf
£ 4 . Phi = Friction Angle estimated from elther:
& g 1 - _1. Roberton & Campanella (1983) chani:
8 04 " Phi= 5.3 + 24*(log(Qc/p'o))+3(log(Qclp'a))2
W 3 2. Peck, Hansen & Thornburn (1974) N-Phi Correlation
8 . 3. Schmertman (1878) chart [Phi = 28+0.14*Dr for fine'uniform sands]
] Su = undrained shear strength (tsf)
= (Qc¢-p'o)/Nk where Nk varies from 10 to 22, 17 for OC clays
I T T T T T QCR'= Overconsolidation Ratio estimated from Schmertman (1978)
0 ! 2 4 5 6 7 8 chart using Suip’e ratio and estimated normal consolidated Sufp'o
~FRICTION RATIO (%) ) :
| Variation of Qc/N Ratio with Grain Size |
10 e =] ) Ty I I T 11177 | 1 i - 10
g |Beiiay - ; =i )\( i Stk : 5 9
) % Alllmperial Valley Sites (Est. D50) = ﬁ;iﬁ“ — 9/1: T
g — Robertson & Campanella (1985) Relatfonship = { e
= 7 -IZ Adopted Relatlonship for Imperial- Valley ] I_L/l : :
S T e Youd & Bennett (1983) Imperial Valley Siles . T? AR - B
o i W Imperidl Valley Sites with LabD50 | . 38 v e Sl R j
2 L - . ,_j"f" | == ﬁw Ao A b
§ 3 ' i e e K
i S Camuy . C T T ] 2
0 1 R (] 1 N o 0
0.0001 0.001 001 - 0.1 1
; Median Grain Size, D50 (mm) -
Note: Assumed Properties and Adopted Qc/N' Ratio based on correlations from Imperial Valley, California soils
| Table of Soil Types and Assumed Properties .
Soil Density R&C Adopted  Est. Fines D50 |- Su
Zone Classification ucs (pef) QoN QoN - Pl (%) {mm) (tsf)  Consistency
1 Sensitive fine grained ‘ML 120 2 2 NP-15 65-100 0.020 0-0.13 very soft
2 Organic Material OL/OH 120 1 1 - - - 0.13-.25 soft
3 Clay ' CL/CH 125 1 "1.25 2540+ 80100 0.002 [ 0.25-0.5 firm
4 Silty Clay fo Clay CL . 125 15 2 1540 90-100 0.010 | 0.5-1.0 stiff
5 Clayey S_ilt to Silty Clay ML/CL 120 2 . 275 5-25 90-100 0.020 || %.0-2.0 very stiff
6 Sandy Silt to Clayey Sift ML 115 25 35 NP-10  65-100 0.040 >2.0 hard
7 Silly Sand to Sandy Silt SM/ML 115 3 5§ .. NP 3575 0.075 | Dr(%) Relative Densily
8 Sand to Silty Sand SP/SM 115 4 € . NP 5-35 0.180 || 0-15 veryloose
9  Sand SP 110 5 6.5 NP 05 0300 | 1535 loose
10 Gravelly Sand to Sand sSw 115 6 7.5 NP - 0-5 0.600 35-65 medium dense
11 Overconsolidated Soil - 120 1 1., NP 90-100 0.010 85-85 dense
12 Sand'o Clayey Sand SP/ISC 115 2 2 NP-5 - - >85  very dense
Geo-Engineers and G(eosls . Plate
Project No: LE07178- Key to CPT Interpretation of Logs B-3
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Geotechnical Investigation
New Turbine Generator and Cooling Tower
Heber 2 Geothermal Plant
Dogwood Road
Heber, California
LCI Report No. LE04354 (2)

Dear Mr. Collins:

This geotechnical report is provided for design and construction of the new turbine generator and
cooling tower additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road
southwest of Heber, California. Our geotechnical investigation was conducted in response to your
request for our services. The enclosed report describes our soil engineering investigation and
presents our professional opinions regarding geotechnical conditions at the site to be considered in

the design and construction of the project.

This executive summary presents selected elements of our findings and recommendations only. It
does not present crucial details needed for the proper application of our findings and
recommendations. Our findings, recommendations, and application options are related only through
reading the full report, and are best evaluated with the active participation of the engineer of record

who developed them.

The findings of this study indicate that the site is predominantly underlain by clays of moderate
expansion.

The soil are highly corrosive to metals and contain sufficient sulfates and chlorides to require special
concrete mixes (4,500 psi with a 0.45 maximum water cement ratio) and protection of embedded
steel building components when concrete is placed in contact with native soil. If the native soils are
replaced with imported granular soils with low sulfate and chloride content, no special concrete

mixes are required.

Evaluation of liquefaction potential at the site indicates that it is unlikely that the subsurface soil will
liquefy under seismically induced groundshaking due to the nature of the soil (clays soils
predominate). No mitigation is required for liquefaction effects at this site.



New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2)

Foundation settlements are indicated on figures 2 thru 5. Differential settlement is estimated to be
about of two-thirds of total settlement.

We did not encounter soil conditions that would preclude development of the site for its intended use
provided the recommendations contained in this report are implemented in the design and

construction of this project.

We appreciate the opportunity to provide our findings and professional opinions regarding
geotechnical conditions at the site. If you have any questions or comments regarding our findings,

please call our office at (760) 370-3000.

\\__________..--‘
Respectfully Submitted, _
Landmark Consultants, Inc. /,

© CERTIFIED <
ENGINEERING

Julian R” Avalos
Staff Epgineer

Jefir
President

Distribution:
Client (4)
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Section 1
INTRODUCTION

1.1 Project Description

This report presents the findings of our geotechnical investigation for the proposed additions to the
Ormat Heber 2 geothermal power plant located on Dogwood Road southwest of Heber, California
(See Vicinity Map, Plate A-1). The proposed development will consist of the addition of one (1)
turbine/generator set and one (1) cooling tower. A site plan for the proposed power plant
improvements was not made available to us at the time that this report was prepared.

Small structures may be are planned for electrical control panels, consisting of masonry or panelized
concrete construction. Expected footing loads are estimated at 1 to 2 kips per lineal foot for the
small structures. Expected plant components, cooling tower and turbine/generator columns loads
range from 5 to 400 kips. If structural loads exceed those stated above, we should be notified so we
may evaluate their impact on foundation settlement and bearing capacity. Site development will
include foundation support pad preparation and underground utility installation.

1.2 Purpose and Scope of Work

The purpose of this geotechnical study was to investigate the upper 50 feet of subsurface soil at
selected locations within the site for physical/engineering properties. From the subsequent field and
laboratory data, professional opinions were developed and are provided in this report regarding
geotechnical conditions at this site and the effect on design and construction. The scope of our

services consisted of the following:

> Field exploration and in-situ testing of the site soils at selected locations and depths.

» Laboratory testing for physical properties of selected samples.

> A review of the available literature and publications pertaining to local geology,
faulting, and seismicity.

> Engineering analysis and evaluation of the data collected.

> Preparation of this report presenting our findings, professional opinions, and
recommendations for the geotechnical aspects of project design and construction.

Landmark Consultants, Inc. Page 1
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This report addresses the following geotechnical issues:

> Subsurface soil and groundwater conditions

> Site geology, regional faulting and seismicity, near source factors, and site seismic
accelerations

> Liquefaction potential and its mitigation

> Expansive soil and methods of mitigation

> Aggressive soil conditions to metals and concrete

Professional opinions with regard to the above issues are presented for the following:

> Site grading and earthwork

> Foundation subgrade preparation

> Allowable soil bearing pressures and expected settlements

> Concrete slabs-on-grade

> Mitigation of the potential effects of salt concentrations in native soil to concrete
mixes and steel reinforcement

> Seismic design parameters

Our scope of work for this report did not include an evaluation of the site for the presence of

environmentally hazardous materials or conditions.

1.3 Authorization

Mr. Mike Collins, Project Manager of Ormat for Power Generation Construction provided
authorization by written agreement to proceed with our work on December 14, 2004, We conducted
our work according to our written proposal dated December 13, 2004,

Landmark Consultants, Inc. Page 2
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Section 2
METHODS OF INVESTIGATION

2.1 Field Exploration

Subsurface exploration was performed on December 20, 2004 using Holguin, Fahan, & Associates,
Inc. of Cypress, California to advance three (3) electric cone penetrometer (CPT) soundings to an
approximate depth of 50 feet below existing ground surface. The soundings were made at the
locations shown on the Site and Exploration Plan (Plate A-2). The approximate sounding locations
were established in the field and plotted on the site map by sighting to discernable site features.

CPT soundings provide a continuous profile of the soil stratigraphy with readings every 2.5cm (1
inch) in depth. Direct sampling for visual and physical confirmation of soil properties has been used
by our firm to establish direct correlations with CPT exploration in this geographical region.

The CPT exploration was conducted by hydraulically advancing an instrumented Hogentogler 10cm?
conical probe into the ground at a rate of 2cm per second using a 23-ton truck as areaction mass. An
electronic data acquisition system recorded a nearly continuous log of the resistance of the soil
against the cone tip (Qc) and soil friction against the cone sleeve (Fs) as the probe was advanced.
Empirical relationships (Robertson and Campanella, 1989) were then applied to the data to give a
continuous profile of the soil stratigraphy. Interpretation of CPT data provides correlations for SPT
blow count, phi (¢) angle (soil friction angle), undrained shear strength (S,) of clays and over-
consolidation ratio (OCR). These correlations may then be used to evaluate vertical and lateral soil
bearing capacities and consolidation characteristics of the subsurface soil.

Interpretive logs of the CPT soundings were produced and presented in final form after review of
field and laboratory data and are presented on Plates B-1 through B-3 in Appendix B. A key to the
interpretation of CPT soundings is presented on Plate B-4. The stratification lines shown on the
subsurface logs represent the approximate boundaries between the various strata. However, the
transition from one stratum to another may be gradual over some range of depth.

Landmark Consultants, Inc. Page 3
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2.2 Laboratory Testing

Laboratory tests were conducted on selected bulk soil samples obtained from hand auger borings
made adjacent to the CPT locations to aid in classification and evaluation of selected engineering
properties of the near surface soils. The tests were conducted in general conformance to the
procedures of the American Society for Testing and Materials (ASTM) or other standardized
methods as referenced below. The laboratory testing program consisted of the following tests:

»  Plasticity Index (ASTM D4318) — used for soil classification and expansive soil design
criteria,
»  Chemical Analyses (soluble sulfates & chiorides, pH, and resistivity) (Caltrans Methods) —

used for concrete mix evaluations and corrosion protection requirements.

The laboratory test results are presented on the subsurface logs (Appendix B) and on Plates C-1, C-2
and C-3 in Appendix C.

Engineering parameters of soil strength, compressibility and relative density utilized for developing
design criteria provided within this report were either extrapolated from correlations with the
subsurface CPT data or from data obtained from the field and laboratory testing program.

Landmark Consultants, Inc. Page 4
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Section 3
DISCUSSION

3.1 Site Conditions

The plant additions are located in the northwest corner of the Heber 2 geothermal plant on the west
side of the existing turbine generators and cooling tower. The area is relatively vacant and
approximately has the same elevation as the existing plant facilities. An overhead pipe rack is

located to the south side of the proposed location.

Adjacent propetties outside of the fenced operations yard consist of agricultural land to the north and
west. The site is bounded on the east by Dogwood Road and headquarters facilities of a general
engineering construction company lie to the south side. Dogwood Road is slated to be a 6-lane
north-south arterial from Calexico to Brawley in Imperial County. Adjacent propertics are flat-lying
and are approximately at the same elevation with this site.

The project site lies at an elevation of approximately 15 feet below mean sea level (MSL) (El. 985
local datum) in the Imperial Valley region of the California low desert. The surrounding properties
lie on terrain which is flat (planar), part of a large agricultural valley, which was previously an
ancient lake bed covered with fresh water to an elevation of 43+ feet above MSL. Annual rainfall in
this arid region is less than 4 inches per year with four months of average summertime temperatures
above 100 °F. Winter temperatures are mild, seldom reaching freezing.

3.2 Geologic Setting

The project site is located in the Imperial Valley portion of the Salton Trough physiographic
province. The Salton Trough is a geologic structural depression resulting from large scale regional
faulting. The trough is bounded on the northeast by the San Andreas Fault and Chocolate Mountains
and the southwest by the Peninsular Range and faults of the San Jacinto Fault Zone. The Salton
Trough represents the northward extension of the Gulf of California, containing both marine and
non-marine sediments since the Miocene Epoch. Tectonic activity that formed the trough continues
at a high rate as evidenced by deformed young sedimentary deposits and high levels of seismicity.
Figure 1 shows the location of the site in relation to regional faults and physiographic features.
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The Imperial Valley is directly underlain by lacusttine deposits, which consist of interbedded
lenticular and tabular silt, sand, and clay. The Late Pleistocene to Holocene lake deposits are
probably less than 100 feet thick and derived from periodic flooding of the Colorado River which
intermittently formed a fresh water lake (Lake Cahuilla). Older deposits consist of Miocene to
Pleistocene non-matine and matine sediments deposited during intrusions of the Gulf of California.
Basement rock consisting of Mesozoic granite and Paleozoic metamorphic rocks are estimated to

exist at depths between 15,000 - 20,000 feet.

3.3 Seismicity and Faulting

Faulting and Seismic Sources: We have performed a computer-aided search of known faults or
seismic zones that lie within a 62 mile (100 kilometers) radius of the project site as shown on Figure

1 and Table 1. The search identifies known faults within this distance and computes deterministic
ground accelerations at the site based on the maximum credible earthquake expected on each of the
faults and the distance from the fault to the site, The Maximum Magnitude Earthquake (Mmax)
listed was taken from published geologic information available for each fault (CDMG OFR 96-08

and Jennings, 1994).

Seismic Risk: The project site is located in the seismically active Imperial Valley of southern
California and is considered likely to be subjected to moderate to strong ground motion from
earthquakes in the region. The proposed site structures should be designed in accordance with the
California Building Code (CBC) for near source factors derived from a “Design Basis Earthquake”
(DBE). The DBE is defined as the motion having a 10 percent probability of being exceeded in 50
years. The DBE generally corresponds to the Mimax magnitude discussed kere.

Seismic Hazards.

» Groundshaking. The primary seismic hazard at the project site is the potential for strong
groundshaking during earthquakes along the Imperial, Brawley, and Superstition Hills Faults. A
further discussion of groundshaking follows in Section 3.4.

» Surface Rupture. The project site does not lie within a State of California, Alquist-Priolo
Earthquake Fault Zone. Surface fault rupture is considered to be unlikely at the project site because
of the well-delineated fault lines through the Imperial Valley as shown on USGS and CGS maps.
However, because of the high tectonic activity and deep alluvium of the region, we cannot preclude
the potential for surface rupture on undiscovered or new faults that may underlie the site.
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MAP OF REGIONAL FAULTS AND SEISMICITY
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Figure 1. Map of Regional Faults and Seismicity
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ESTIMATES OF PEAK GROUND ACCELERATION (PGA)

Table 1
FAULT PARAMETERS & DETERMINISTIC

Distance Maximum | Avg Avg Date of Largest Est.
Fault Name or (mi) & Fault | Fault |Magnitude| Siip Retumn Last Historic Site
Seismic Zone Direction | Type | Length | Mmax Rate | Perlod | Rupture Event PGA
from Site (km) | (Mw) [(mmiye)| (yrs) | (year) [>6.6M (year)| (@) |

Reference Notes: (1) (2)/(3)__(2) (4) (3) (3) (3) (5) (6)
Imperial Valley Faults

Imperial 70 NE |A|B| 62 70 20 79 1979 | 7.0 1940 0.33
Brawley 88 NNE |B|{B| 14 7.0 20 — 1979 | 58 1979 | 0.28
Cerro Prieto 15 SSE |A|B| 116 7.2 34 50 1980 | 7.1 1934 0.21
Brawley Seismic Zone 16 N B|B| 42 6.4 25 24 59 1981 | 0.13
East Highline Canal 23 NE |C|C} 22 6.3 1 774 0.09
San Jacinto Fault System .

- Superstition Hills 85 NNW|B(A| 22 6.6 4 250 1987 | 6.5 1987 | 0.23
- Superstition Mtn. 1 NW |B|A| 23 6.6 5 500 |[1440 +/- 0.1¢
- EImore Ranch 28 NW |B|A| 29 6.6 1 225 1987 | 59 1987 | 0.10
- Borrego Mtn 34 NW |B|A| 29 6.6 4 175 8.5 1942 0.08
- Anza Segment 51 NW (A|/A| 90 7.2 12 250 1918 | 6.8 1918 | 0.08
- Coyote Creek 53 NwW |B|A| 40 6.8 4 175 1968 | 6.5 1868 | 0.07
- Whole Zone 15 NW |AJA| 245 75 — — 0.25
Elsinore Fault System
- Laguna Salada 16 SW (B|B| 67 7.0 35 336 70 1891 | 0.8
- Coyote Segment 29 W B|A| 38 6.8 4 625 0.11
- Julian Segment 55 WNW A|A| 75 74 5 340 0.08
- Earthquake Valley 57 WNW|B[A| 20 6.5 2 351 "~ 0.05
- Whole Zone 29 W AlA| 250 75 — — 0.15
San Andreas Fault System
- Coachella Valley 45 NNW[A|A| 95 7.4 25 220 | 1690+/- | 65 1948 | 0.10
- Whole S. Calif. Zone 45 NNW|A |A| 458 7.9 — — 1857 | 7.8 1857 | 0.13
Algodones 36 E C|C| 74 7.0 0.1 (20,000 0.10
Notes:

1. Jennings (1994) and CDMG (1996)
2. CDMG (1996), where Type A fauits — slip rate >5 mm/yr and well constrained paleoseismic data

3. WGCEP (1995)

Type B fauits — all other faults.

4, CDMG (1996) based on Wells & Coppersmith (1994)
5. Ellsworth Catalog in USGS PP 1515 (1990) and USBR (1976}, Mw = moment magnitude,
8. The deterministic estimates of the Site PGA are based on the attenuation relationship of:

Boore, Joyner, Fumal (1997)
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» Liquefaction, Liquefaction is unlikely to be a potential hazard at the site due to the lack of
saturated granular soil (clay soils predominate).

Other Secondary Hazards.
> Landsliding. The hazard of landsliding is unlikely due to the regional planar topography. No

ancient landslides are shown on geologic maps of the region and no indications of landslides were
observed during our site investigation.

» Volcanic hazards. The site is not located in proximity to any known volcanically active area and
the risk of volcanic hazards is considered very low.

*» Tsunamis, sieches, and flooding. The site does not lie near any large bodies of water, so the
threat of tsunami, sieches, or other seismically-induced flooding is unlikely.

> Expansive soil. In general, much of the near surface soils in the Imperial Valley consist of silty
clays and clays which are moderate to highly expansive. The expansive soil conditions are discussed

in more detail in Section 3.5.

3.4 Site Acceleration and UBC Seismic Coefficients

Deterministic horizontal peak ground accelerations (PGA) from maximum probable earthquakes on
regional faults have been estimated and are included in Table 1. Ground motions are dependent
primarily on the earthquake magnitude and distance to the seismogenic (rupture) zone.
Accelerations also are dependent upon attenuation by rock and soil deposits, direction of rupture and
type of fault; therefore, ground motions may vary considerably in the same general area.

We have used the computer program FRISKSP (Bleke, 2000) to provide a probabilistic estimate of
the site PGA using the attenuation relationship of Boore, Joyner, and Fumal (1 997) Soil (250). The
PGA estimate for the project site having a 10% probability of being exceeded in 50 years (return

period of 475 years) is 0.60g.

CBC Seismic Coefficients: The CBC seismic coefficients are roughly based on an earthquake
ground motion that has a 10% probability of being exceeded in 50 years. The following table lists
seismic and site coefficients (near source factors) determined by Chapter 16 of the 2001 CBC. This
site lies within 11.3 km of a Type A fault overlying S, (stif) soil.
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CBC Seismic Coefficients for Chapter 16 Seismic Provisions

s i . Near Source Factors | Seismic Coefficients
CBC Code | Soil Profile | Seistmic ( Distance to
Editi T Source Critical
Thon ype Type Source Na Nv Ca Cv
Sp
] i . ! .74
2001 (stiff soil) A <11.3km 1.00 1.15 044 0

Ref. Table 16-1 16-U —— 16-S 16-T 16-Q 16-R

3.5 Subsurface Soil

Subsurface soils encountered during the field exploration conducted on December 20, 2004 indicates
that 1.0 to 1.5 feet of stiff clay are at ground surface. Dense to very dense silty sands lie below the
clays and extend to a depth of 4 to 5 feet. Stiff to very stiff clays extend a depth of 50 feet, the
maximum depth of exploration. The subsurface logs (Plates B-1 through B-3) depict the

stratigraphic relationships of the various soil types.

The native surface clays exhibit moderate swell potential (Expansion Index, EI = 51 - 90) when
correlated to Plasticity index tests (ASTM D4318) performed on the native clays. The clay is
expansive when wetted and can shrink with moisture loss (drying). Development of building
foundations, concrete flatwork, and asphaltic concrete pavements should include provisions for
mitigating potential swelling forces and reduction in soil strength, which can occur from saturation
of the soil. Causes for soil saturation include landscape irrigation, broken utility lines, or capillary
rise in moisture upon sealing the ground surface to evaporation. Moisture losses can occur with lack
of landscape watering, close proximity of structures to downslopes and root system moisture
extraction from deep rooted shrubs and trees placed near the foundations. Typical measures used for

industrial projects to remediate expansive soil include:

»  replacement of silt/clay with non-expansive granular fill,
moisture conditioning subgrade soils to a minimum of 5% above optimum moisture
(ASTM D1557) for the full range in depth of surface soils.

»  design of foundations that are resistant to shrink/swell forces of silt/clay soil.
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3.6 Groundwater

Groundwater was not noted on the CPT sounding at the time of exploration, but is typically
encountered at approximately 10 to 15 feet below ground surface in the vicinity of the site. There is
uncertainty in the accuracy of short-term water level measurements, particularly in fine-grained soil.
Groundwater levels may fluctuate with precipitation, irrigation of adjacent properties, drainage, and
site grading. The referenced groundwater level should not be interpreted to represent an accurate or

permanent condition.

3.7 Liquefaction

Liquefaction occurs when granular soil below the water table is subjected to vibratory motions, such
as produced by earthquakes. With strong ground shaking, an increase in pore water pressure
develops as the soil tends to reduce in volume. If the increase in pore water pressure is sufficient to
reduce the vertical effective stress (suspending the soil particles in water), the soil strength decreases
and the soil behaves as a liquid (similar to quicksand). Liquefaction can produce excessive
settlement, ground rupture, lateral spreading, or failure of shallow bearing foundations.

Four conditions are generally required for liquefaction to occur:
(1)  the soil must be saturated (relatively shallow groundwater);
(2)  the soil must be loosely packed (low to medium relative density);

(3)  the soil must be relatively cohesionless (not clayey); and
(4)  groundshaking of sufficient intensity must occur to function as a trigger mechanism.

All of these conditions exist to some degree at this site.
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Methods of Analysis: Liquefaction potential at the project site was evaluated using the 1957
NCEER Liquefaction Workshop methods that are based on the Seed, et. al. 1985 and Robertson and
Campanella (1985) methods. The 1997 NCEER methods utilize direct SPT blow counts or CPT
cone readings from site exploration and earthquake magnitude/PGA estimates from the seismic
hazard analysis. The resistance to liquefaction is plotted on a chart of cyclic shear stress ratio (CSR)
versus a corrected blow count Ny or Qepn. A ground acceleration of 0.60g was used in the

analysis with a 12 foot groundwater depth.

Liquefaction induced settlements have been estimated using the 1987 Tokimatsu and Seed method.
Fines content of liquefiable sands and silt increase the liquefaction resistance in that more cycles of
ground motions are required to fully develop pore pressures. The SPT blow counts were adjusted to
an equivalent clean sand blow count, Nyo) prior to calculating settlements using Robertson and
Wride (1997) adjustments. A computed factor of safety less than 1.0 indicates a liquefiable

condition.

Liquefaction Effects: Based on empirical relationships, liquefaction is not expected to occur at the

project site.
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Section 4
RECOMMENDATIONS

4.1 Site Preparation

Clearing and Grubbing: All surface improvements, debris or vegetation including grass and weeds
on the site at the time of construction should be removed from the construction area. Organic
strippings should be hauled from the site and not used as fill. Any trash, construction debris,
concrete slabs, old pavement, landfill, and buried obstructions such as old foundations and utility
lines exposed during rough grading should be traced to the limits of the foreign material by the
grading contractor and removed under our supervision. Any excavations resulting from site clearing
should be dish-shaped to the lowest depth of disturbance and backfilled under observation by the
geotechnical engineer’s representative with compacted fill as described below.

Structure Subgrade Preparation: The exposed surface soil within the foundation areas should be
removed to 12 inches below the foundation elevation or existing grade (whichever is lower).

Exposed subgrade should be scarified to a depth of 8 inches, uniformly moisture conditioned to 3 to
8% above optimum moisture content (clays) or 0 to 4% above optimum (silts), and recompacted to at
least 90% of the maximum density determined in accordance with ASTM D1557 methods.

The native soil is suitable for use as engineered fill provided it is free from concentrations of organic
matter or other deleterious material. The fill soil should be uniformly moisture conditioned by
discing and watering to the limits specified above, placed in maximum 8-inch lifts (loose), and

compacted to the limits specified above.

Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SOy) less than
1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM, or SW-
SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve. The
geotechnical engineer should approve imported fill soil sources before hauling material to the site.
Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and
compacted to at least 90% of ASTM D1557 maximum dry density at optimum moisture +2%.
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In areas other than the structures pad which are to receive area concrete slabs, the ground surface
should be presaturated to a minimum depth of 18 inches and then scarified to 6 inches, moisture
conditioned to a minimum of 5% over optimum, and recompacted to 83-87% of ASTM D1557

maximum density just prior to concrete placement.

Trench Backfill: On-site soil free of debris, vegetation, and other deleterious matter may be suitable
for use as utility trench backfill, but may be difficult to uniformly maintain at specified moistures and
compact to the specified densities. Granular material is often more cost effective for backfill of

utility trenches.

Backfill soil within roadways or traffic areas should be placed in layers not more that 6 inches in
thickness and mechanically compacted to a minimum of 87% of the ASTM D1557 maximum dry
density except for the top 12 inches of the trench which shall be compacted to at least 90%. Native
backfill should only be placed and compacted after encapsulating buried pipes with suitable bedding
and pipe envelope material. Pipe envelope/bedding should either be clean sand (Sand Equivalent
SE>30) or crushed rock when encountering groundwater. A geotextile filter fabric (Mirafi 140N or
equivalent) should be used to encapsulate the crushed rock when placed below groundwater to
reduce the potential for in-washing of fines into the gravel void space. Precautions should be taken
in the compaction of the backfill to avoid damage to the pipes and structures.

Observation and Density Testing: All site preparation and fill placement should be continuously
observed and tested by a representative of a qualified geotechnical engineering firm. Full-time
observation services during the excavation and scarification process is necessary to detect
undesirable materials or conditions and soft areas that may be encountered in the construction area.
The geotechnical firm that provides observation and testing during construction shall assume the
responsibility of "geotechnical engineer of record" and, as such, shall perform additional tests and
investigation as necessary to satisfy themselves as to the site conditions and the recommendations for

site development.

Auxiliary Structures Foundation Preparation: Auxiliary structures such as free standing or retaining
walls should have the existing soil beneath the structure foundation prepared in the manner
recommended for the building pad except the preparation needed only to extend 12 inches below and

beyond the footing.
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4.2 Foundations and Settlements

Shallow spread footings and continuous wall footings are suitable to support the structures associated
with the turbine generator and cooling tower. Footings shall be founded on a layer of properly
prepared and compacted soil as described in Section 4.1. The foundations may be designed using an
allowable soil bearing pressure of 1,500 psf for compacted native clay soil and 2,000 psf when
foundations are supported on imported sands (extending a minimum of 1.0 feet below footings). The
allowable soil pressure may be increased by 20% for each foot of embedment depth in excess of 18
inches and by one-third for short term loads induced by winds or seismic events. The maximum
allowable soil pressure at increased embedment depths shall not exceed 3,000 psf (clays).
Settlements associated with variable loadings and structure/footing sizes are shown on figures 2 thru
5. As an alternative to shallow spread foundations, flat plate structural mats or grade-beam

reinforced foundations may be used to mitigate expansive soil heave.

Flat Plate Structural Mats: Structural mats may be designed for a modulus of subgrade reaction (Ks)
of 100 pci when placed on compacted clay or a subgrade modulus of 250 pci when placed on 2.5 feet
of granular fill. Mats shall overlay 2 inches of sand and a 10-mil polyethylene vapor retarder. The
structure support pad shall be moisture conditioned and recompacted as specified in Section 4.1 of

this report.

All exterior and interior foundations should be embedded a minimum of 18 inches below the
structure support pad or lowest adjacent final grade, whichever is deeper. Continuous wall footings
should have a minimum width of 12 inches. Spread footings should have a minimum width of 24
inches. Recommended concrete reinforcement and sizing for all footings should be provided by the

structural engineer.

Resistance to horizontal loads will be developed by passive earth pressure on the sides of footings or
grade beams and frictional resistance developed along the bases of footings or grade beams and
concrete slabs. Passive resistance to lateral earth pressure may be calculated using an equivalent
fluid pressure of 250 pcf (300 pcf for sands) to resist lateral loadings. The top one foot of
embedment should not be considered in computing passive resistance unless the adjacent area is
confined by a slab or pavement. An allowable friction coefficient of 0.25 (0.35 for sands) may also
be used at the base of the footings or grade beams to resist lateral loading.
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Total foundation movements under estimated loadings are shown on the load/settlement curves
(Figures 2 thru 5). Differential movement is estimated to be about two-thirds of total movement

4.3 Slabs-On-Grade

Thin concrete slabs and flatwork (6 inches or less in thickness) placed over native clay soil should be
designed in accordance with Chapter 18, Division II of the 2001 CBC (using an Effective Plasticity
Index of 17) and shall be a2 minimum of 5 inches thick due to expansive soil conditions. Concrete
floor slabs shall be monolithically placed with the foundations unless placed on 2.5 feet of granular

fill or lime treated soil.

The concrete slabs should be underlain by a minimum of 4 inches of clean sand (Sand Equivalent
SE>30) or aggregate base or may be placed directly on a 2.5-foot thick granular fill pad (if used) that
has been moistened to approximately optimum moisture just before the concrete placement. A 10-
mil visqueen vapor retarder, properly lapped and sealed with a 2-inch sand cover and extended a
minimum of 12 inches into the footing, should be placed as a capillary break to prevent moisture
migration into the slab section. Concrete slabs may be placed directly over a 15-mil vapor retarder if

desired (Stego-Wrap or equivalent).

Concrete slab and flatwork reinforcement should consist of chaired rebar slab reinforcement
(minimum of No. 4 bars at 18-inch centers, both horizontal directions) placed at slab mid-height to
resist potential swell forces and cracking. Slab thickness and steel reinforcement are minimums only
and should be verified by the structural engineer/designer knowing the actual project loadings. All
steel components of the foundation system should be protected from corrosion by maintaining a 4-
inch minimum concrete cover of densely consolidated concrete at footings (by use of a vibrator).
The construction joint between the foundation and any mowstrips/sidewalks placed adjacent to
foundations should be sealed with a polyurethane based non-hardening sealant to prevent moisture
migration between the joint. Epoxy coated embedded steel components or permanent waterproofing
membranes placed at the exterior footing sidewall may also be used to mitigate the corrosion

potential of concrete placed in contact with native soil.
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Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of 2
to 3 times the slab thickness (in inches) as recommended by American Concrete Institute (ACI)
guidelines. All joints should form approximately square patterns to reduce randomly oriented
contraction cracks. Contraction joints in the slabs should be tooled at the time of the pour or sawcut
(v of slab depth) within 6 to 8 hours of concrete placement. Construction (cold) joints in
foundations and area flatwork should either be thickened butt-joints with dowels or a thickened
keyed-joint designed to resist vertical deflection at the joint. All joints in flatwork should be sealed
to prevent moisture, vermin, or foreign material intrusion. Precautions should be taken to prevent

curling of slabs in this arid desert region (refer to ACI guidelines).

All independent flatwork (sidewalks, housekeeping slabs) should be placed on a minimum of 2
inches of concrete sand or aggregate base, dowelled to the perimeter foundations where adjacent to
the structures and sloped 1% or more away from the structure. A minimum of 18 inches of moisture
conditioned (3% minimum above optimum) and 8 inches of compacted subgrade (83 to 87%) and a
10-mil (minimum) polyethylene separation sheet should underlie the flatwork. All flatwork should
be jointed in square patterns and at irregularities in shape at a maximum spacing of 10 feet or the
least width of the sidewalk.

4.4 Concrete Mixes and Corrosivity

Selected chemical analyses for corrosivity were conducted on bulk samples of the near surface soil
from the project site (Plates C-2 and C-3). The native soils were found to have moderate to severe
levels of sulfate ion concentration (1,052 to 3,006 ppm). Sulfate ions in high concentrations can
attack the cementitious material in concrete, causing weakening of the cement matrix and eventual
deterioration by raveling. The California Building Code recommends that increased quantities of
Type IT Portland Cement be used at a low water/cement ratio when concrete is subjected to moderate
sulfate concentrations. Type V Portland Cement and/or Type I/V cement with 25% flyash
replacement is recommended when the concrete is subjected to soil with severe sulfate concentration.

A minimum of 6.25 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a
maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact with
native soil on this project. Admixtures may be required to allow placement of this low water/cement

ratio concrete.
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There are no special requirements for concrete mixes when foundations are placed on 2.5 feet of low

sulfate content granular fill.

The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm).
Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic
conduits. Resistivity determinations on the soil indicate very severe potential for metal loss because
of electrochemical corrosion processes. Mitigation of the corrosion of steel can be achieved by using
steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, cathodic protection
or by encapsulating the portion of the pipe lying above groundwater with a minimum of 4 inches of
densely consolidated concrete. No metallic pipes or conduits should be placed below foundations.

Foundation designs shall provide a minimum concrete cover of four (4 inches around steel
reinforcing or embedded components (anchor bolts, hold-downs, etc.) exposed to native soil or
landscape water (to 18 inches above grade). If the 4-inch concrete edge distance cannot be achieved,
all embedded steel components (anchor bolts, hold-downs, etc.) shall be epoxy dipped for corrosion
protection or a corrosion inhibitor and a permanent waterproofing membrane shall be placed along
the exterior face of the exterior footings. Additionally, the concrete should be thoroughly vibrated at

footings during placement to decrease the permeability of the concrete.

4.5 Excavations

All site excavations should conform to CalOSHA requirements for Type B soil. The contractor is
solely responsible for the safety of workers entering trenches. Temporary excavations with depths of
4 feet or less may be cut nearly vertical for short duration. Excavations deeper than 4 feet will
require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type B soil.
Surcharge loads of stockpiled soil or construction materials should be set back from the top of the
slope a minimum distance equal to the height of the slope. All permanent slopes should not be
steeper than 3:1 to reduce wind and rain erosion. Protected slopes with ground cover may be as steep
as 2:1. However, maintenance with motorized equipment may not be possible at this inclination.
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4.6 Seismic Design

This site is located in the seismically active southern California area and the site structures are
subject to strong ground shaking due to potential fault movements along the Brawley, Superstition
Hills, and Imperial Faults. Engineered design and earthquake-resistant construction are the common
solutions to increase safety and development of seismic areas. Designs should comply with the latest
edition of the CBC for Seismic Zone 4 using the seismic coefficients given in Section 3.4 of this
report. This site lies within 11.3 km of a Type A fault overlying S, (stiff) soil.
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Section 5
LIMITATIONS AND ADDITIONAL SERVICES

5.1 Limitations

The recommendations and conclusions within this report are based on current information regarding
the proposed additions to the Ormat Heber 2 geothermal power plant located on Dogwood Road
southwest of Heber, California. The conclusions and recommendations of this report are invalid if:

Structural loads change from those stated or the structures are relocated.
The Additional Services section of this report is not followed.

This report is used for adjacent or other property.

Changes of grade or groundwater occur between the issuance of this report and
construction other than those anticipated in this report.

> Any other change that materially alters the project from that proposed at the time this

report was prepared.

vy v v v

Findings and recommendations in this report are based on selected points of field exploration,
geologic literature, laboratory testing, and our understanding of the proposed project. Our analysis of
data and recommendations presented herein are based on the assumption that soil conditions do not
vary significantly from those found at specific exploratory locations. Variations in soil conditions
can exist between and beyond the exploration points or groundwater elevations may change. If
detected, these conditions may require additional studies, consultation, and possible design revisions.

This report contains information that may be useful in the preparation of contract specifications.
However, the report is not worded is such a manner that we recommend its use as a construction
specification document without proper modification. The use of information contained in this
report for bidding purposes should be done at the contractor’s option and risk.

This report was prepared according to the generally accepted geotechnical engineering standards of
practice that existed in Imperial County at the time the report was prepared. No express or implied
warranties ate made in connection with our services. This report should be considered invalid for
periods after two years from the report date without a review of the validity of the findings and
recommendations by our firm, because of potential changes in the Geotechnical Engineering

Standards of Practice.
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The client has responsibility to see that all parties to the project including, designer, contractor, and
subcontractor are made aware of this entire report. The use of information contained in this report
for bidding purposes should be done at the contractor's option and risk.

5.2 Additional Services

We recommend that Landmark Consultants, Inc. be retained as the geotechnical consultant to
provide the tests and observations services during construction. If Landmark Consultants does not
provide such services then the geotechnical engineering firm providing such tests and observations
shall become the geotechnical engineer of record and assume responsibility for the project.

The recommendations presented in this report are based on the assumption that:

»  Consultation during development of design and construction documents to check that the
geotechnical recommendations are appropriate for the proposed project and that the
geotechnical recommendations are properly interpreted and incorporated into the
documents.

>  Landmark Consultants will have the opportunity to review and comment on the plans and
specifications for the project prior to the issuance of such for bidding.

»  Continuous observation, inspection, and testing by the geotechnical consultant of record
during site clearing, grading, excavation, placement of fills, building pad and subgrade
preparation, and backfilling of utility trenches.

Observation of foundation excavations and reinforcing steel before concrete placement.

»  Other consultation as necessary during design and construction.

We emphasize our review of the project plans and specifications to check for compatibility with our
recommendations and conclusions. Additional information concerning the scope and cost of these

services can be obtained from our office.
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CLIENT: ORMAT

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric
Cone with 23 fon reaction weight

PROJECT: ORMAT Heber 2 Facilities, Heber, CA

LOCATION: See Site and Boring Location Plan

DATE: _12/20/04

LOG OF CONE SOUNDING DATA CPT-1
&
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

¢ :  CA Prolect No: LE04354 Date: 12/20/04 N

Phi Corralation: 0 0-Schm{78).{-RAC(83).2-PHT{74]

Base Base Est. Qe cn Esl. Rel Nk: 17.0

Depth Depth Tip  Friclion Soll Soll Densityor Density to SPT or Nem. % Dens. Phl Su

molers feet Qc. tsf Ralio, % _ Type Classification USC  Consistency (pe) N N{80) Cq Qcin FinesDr(%) (den) (isf) OCR
015 05 3182 1033 3 Cly CUCH very stiff 126 1.3 25 2.00 95 187 >10
030 1.0 7119 350 6 6 SandySiltto Clayey Slt ML very dense 116 3.6 20 200 1346 45 107 43
045 15 7638 3276 6 SandySilitoClayey Siit ML very dense 118 35 22 200 1444 40 102 42
060 20 8821 288 6 6 SandySiitto Claysy Silt ML very dense 115 35 25 200 1668 35 101 42

0.75 25 9419 253 7 7 SillySandtoSandySilt SM/ML verydense 115 45 21 200 14780 30 100 42
0.93 3.0 101.94 2357 7 SiltySandtoSandy Silt SMML verydense 115 45 23 200 1927 30 98 42
.08 3.5 123.24 166 8 8 Sandto Slity Sand SP/SM  very dense 115 66 22 200 2330 20 102 42
123 40 5393 299 6 6 SandySiltto Clayey Silt ML dense 115 35 16 200 10198 45 76 39
138 45 164 4193 3 Clay CUCH  sliff 126 13 13 200 85 095 >10
1563 50 1553 3.80 4 4 Silty Clay to Clay CL stiff 125 18 8 195 85 D.90 >10
168 55 13.99 348 4 4 Sty Clay to Clay CcL stiff 126 18 8 185 85 0.80 >10
1.83 6.0 10.16 2425 5 ClayeySillioSllyClay  ML/CL stiff 120 25 4 1.76 85 068 >10
198 6.5 1041 3554 4 Sty Clayto Clay CL stiff 126 18 6 169 95 pse >0
243 70 11.62 4383 3 Clay CL/CH  stiff 126 13 9 182 100 0.66 >10
228 75 13.29 4443 3 Clay CL/CH  stiff 126 1.3 11 1.56 95 0.76  >10
245 8.0 14.55 4933 3 Clay CL/CH  stiff 128 13 12 151 95 0.83 >10
280 85 1300 496 3 3 Clay CL/CH  stiff 125 1.3 41 148 100 079 >10
276 9.0 13.23 4083 3 Clay CLCH  sfiff 125 1.3 11 142 95 075 >10
280 95 1386 4683 3 Clay CL/ICH stiff 126 13 11 138 100 077 >10
3.05 100 26.88 5003 3 Clay CUCH  very stiff 125 1.3 22 134 80 155 >10
3.20 105 21.69 5013 3 Ciay CL/CH very stiff 125 13 17 132 20 124 >10
335 11.0 1984 4853 3 Clay CUCH  very stiff 125 13 16 1.30 95 113 >10
3.50 115 2131 445 4 4 Silly Clayto Clay cL vary stiff 125 18 12 1.29 20 122 >10
3.65 120 18.97 400 4 4 Silly Clay to Clay CL very stiff 125 1.8 11 127 90 108 »>10
380 125 16.82 368 4 4 Silty Clay to Clay CL stiff 126 1.8 10 126 95 095 >10
395 13.0 1818 4913 3 Clay CL/CH  very stiff 126 13 156 1.24 100 103 >10
413 135 17.33 5433 3 Clay CL/CH  stiff 125 1.3 14 123 100 098 >10
428 140 17.04 5463 3 Clay CL/ICH  stiff 125 13 14 1.22 100 098 >10
443 145 21.21 5453 3 Clay CUCH  very stiff 126 13 17 120 100 120  >10
468 150 19.96 6213 3 Clay CL/ICH  very sliff 125 13 18 119 100 143 >10
4.73 165 23.41 4803 3 Clay CUCH very sliff 125 13 19 118 5 133 >10
488 160 20.50 5513 3 Clay CL/CH  very stiff 125 1.3 16 117 100 116  >10
503 165 21.94 5883 3 Clay CL/CH  very stiff 125 13 18 1.15 100 124  >10
518 17.0 19.22 5483 3 Clay CL/ICH  very stiff 126 13 15 114 100 1.08 >10
533 178 2787 5033 3 Clay CL/CH  very stiif 125 13 22 143 95 187 >10
548 180 23.20 6223 3 Clay CL/CH  very stiff 125 1.3 19 112 100 132 >10
565 185 20.85 667 3 3 Clay CL/ICH  vary stiff 125 13 17 i1 100 1.8 >10
580 190 2133 6773 3 Clay CL/ICH  very sliff 125 13 17 110 100 120 >0
595 195 21.97 6203 3 Clay CL/CH  very stiff 125 1,3 18 1.09 100 124 >0
610 200 21.34 7093 3 Clay CL/CH  very stiff 125 1.3 17 1.08 100 120  >10
625 205 1548 5723 3 Clay CL/CH  stiff 126 1.3 12 1.07 100 0.86 5.53
640 210 1587 5203 3 Clay CL/CH stiff 126 1.3 13 1.06 100 0.88 5.65
655 215 26.53 8793 3 Clay CL/ICH  very stiff 126 13 21 1.05 100 150 >10
6.70 220 27.19 6213 3 Clay CL/CH  very stiff 126 13 22 1.05 100 154 >0
6.85 225 20.12 6183 3 Clay CUCH very sliff 128 13 23 1.04 100 165 >10
7.00 230 2440 7413 3 Clay CL/CH  vary sliff 125 13 20 1.03 100 138  >10
7.18 235 29.74 7653 3 Clay CUCH very stiff 125 13 24 1.02 100 169 >10
733 240 31.24 7013 3 Clay CLI/CH  very atiff 126 13 25 1.01 100 118 >10
748 245 3171 6743 3 Clay CL/CH  very stiff 126 13 25 1.01 100 180 >10
763 250 2838 53863 3 Clay CL/CH  very stiff 126 13 23 1.00 100 1.61  >10
7.78 255 2550 5793 3 Clay CL/CH  very stiff 1256 13 20 099 100 144 >10
793 260 2123 6013 3 Clay CL/ICH  very stiff 125 1.3 17 088 100 118 7.00
808 2865 19.41 62863 3 Clay CLICH very stiff 125 1.3 16 0.98 100 108 6.00
823 270 2110 6123 3 Clay CL/CH  very stiff 125 13 17 0.97 100 117 665
8.38 276 20.13 6303 3 Clay CL/GH  very stff 125 13 16 086 100 112 6.00
8.53 280 19.23 566 3 3 Clay CL/CH  very sliff 125 13 15 0.96 100 1.06 5.42
8.68 28,5 20.08 56563 3 Clay CL/CH  very stiff 26 43 16 085 100 1.11 576
8.85 290 2055 5673 3 Clay CLUCH  very siiff 125 1.3 16 094 100 114 588
9.00 295 20.76 7003 3 Clay CL/CH  very stiff 125 13 17 094 100 115 5.88
9.156 30.0 2280 6883 3 Clay CL/CH very sliff 1225 13 18 093 100 127 665




LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

e IO JQQJ,_@ALH.&&LZ.E&D : llities, Heber, CA Project No: LE04354 Date: 12/20/04
[CONE SOUNDING: CPT-1 i
Est. GWT (it 12.0 Phi Correlation: 0 o
Base Base Avg Avg 1 Esl. Qe Cn Esl, Rel,
Depth Depth Tip  Fricllon Soil Soil Densityor Denslty to SPT or Norm., % Dens.
melars feet  Qc, tsf Ratio Type Classification USC __ Consistenc N __N{60) cin_Fines Dr {%
830 305 2160 5893 3 Clay CL/CH  very stiff 125 13 17 083 100
945 31.0 1719 6363 3 Clay CLICH  sfiff 125 413 14 0.92 100
860 31.5 20.05 5473 3 Clay CL/CH  very stiff 1256 1.3 16 092 100
976 320 1947 6503 3 Clay CL/ICH  very stiff 125 13 16 091 100
8.90 325 2174 6633 3 Ciay CI/CH  very stiff 125 13 17 0.0 100
1005 330 23.37 5783 3 Chy CLICH  very stiff 126 1.3 19 0.90 100
10.20 335 2039 8563 3 Clay CL/ICH  very sliff 126 13 16 089 100
1038 340 1597 5423 3 Clay CL/CH  sllff 125 13 13 089 100
10.53 345 16.45 4483 3 Cly CLICH  sliff 125 13 13 088 100
1068 350 18.50 4963 3 Clay CL/CH  very stiff 126 13 15 0.88 100
1083 355 19.11 4.05 4 4 Silty Clay o Clay CL very stiff 125 18 1t 0.87 100
10.98 360 20.64 5863 3 Clay CL/ICH  very sliff 125 43 17 087 100
1113 365 2544 5723 3 Clay CLICH  very stiff 126 13 20 086 100
1128 37.0 3172 484 4 4 Silty Clay to Clay cL vary stff 126 1.8 18 0.6 100
1143 375 2549 3775 5 ClayeySiltfo SityClay  ML/CL  very stiff 120 25 10 0.85 100
1158 380 1768 248 5 & ClayeySlitto Silty Clay  ML/CL  stiff 20 25 7 085 100
1173 385 1525 347 4 4 SillyClaytoClay cL stiff 125 18 9 085 100
1188 39.0 2064 4843 3 Clay CLICH  very stiff 125 13 17 0.84 100
1206 38.5 15.50 351 4 4 SiltyClayto Clay cL stiff 125 18 9 0.84 100
1220 400 14.77 2005 5 ClayeySilttoSityClay MUCL  stiff 120 25 6 0.83 100
1235 405 1360 2075 § ClayeySittoSltyClay MUCL siff 120 25 5 083 100
1250 41.0 1596 320 4 4  Silty Clayio Clay cL stiff 126 18 9 0.82 100
1285 415 15232 3055 5 ClayeySlittoSiity Clay  ML/CL stiff 120 25 6 0.82 100
1280 420 14.74 201 5 § Clayey Silt to Silty Clay MUICL  sfiff 120 25 6 082 100
1295 425 1748 254 5 6 ClayaySiltto Silty Clay  MUCL  stiff 120 25 7 081 400
1310 430 2247 280 85 5 ClayeySiltioSityGlay MLICL  very sliff 120 25 9 081 100
13.25 435 2078 2496 6 ClayeySilttoSilty Clay  MUCL  verystiff 120 25 8 081 100
1340 440 21.29 262 5 5 ClayeySilttoSlity Clay  ML/CL very stiff 120 25 ¢ 0.80 100
13.58 445 19.71 2356 5 ClayeySilttoSilty Clay  ML/GL  very sliff 120 25 8 0.80 100
13.73 450 19.60 217 5 6 CiayeySittioSiltyClay  MUCL very stiff 120 25 8 0,80 100
13.88 455 18.05 184 8 6 SandySiltto ClayaySit ML very loose 116 386 5 0.79 135 100 13
1403 460 17.42 22905 6 ClayeySiltto Silty Clay  MUCL  stiff 120 25 7 0.79 100
14.18 465 19.49 203 6 6 SandySittoClayeySit ML very loose 115 35 6 0.79 145 100 15
1433 470 1790 240 5 &5 ClayeyShtioSlityClay MUCL stiff 120 256 7 0.78 100
1448 475 16.62 186 & 5 ClayeySilttoSiltyClay MLICL stiff 120 25 7 078 100
1463 480 1666 1916 & ClayaySittoSityClay MLCL  stff 120 25 7 078 100
14.78 485 15.96 183 6 5 ClayeySiltlo Silty Clay  MLCL  stiff 20 25 6 077 100
1493 49.0 15.56 178 5 & ClayeySiltto Slity Clay  ML/ICL  sliff 120 28 6 077 100
1510 495 14.89 148 8 6 SandySilto Clayey Sit ML very loose 115 35 4 077 108 100 7

1
Nk:

Phi

deq.

30

a0

29

83).2-F
17.0

Su

1s|

1.20
0.94
1.10
1.07
1.20
1.30
1.12
0.86
0.89
1.01
1.04
1.13
141
1.78
1.41
0.95
0.81
1.13
0.82
0.78
0.70
0.85
0.81
0.77
0.83
1.23
1.13
1.16
1.06
1.05

0.92

OCR

8.00
4.00
5.10
4.68
5.53
6.10
4,78
3.28
3.35
3.91
5.21
447
6.21
>10
>10
6.686
3.35
4.00
3.28
3.91
3.43
3.28
4.00
3.66
4.78
713
6.21
6.43

5.42
4.28
4.37
3.83
3.83

3.58
3.35




CLIENT: ORMAT

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Tiuck Mounled Electric

PROJECT: ORMAT Heber 2 Facilities, Heber, CA

Cone wilh 23 ton reaction weight

DATE: _12/20/04

LocATION: See Site and Boring Location Plan

£ LOG OF CONE SOUNDING DATA CPT-2

£ | INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO

E From Roberison & Campanella (1989) Qe (tsf) Fs (s FR = Fs/Qc (%)

g o 100 200 300 400 0 2 4 6 g 0 2 4 8 8

GROUND EL. +/-
L .| Overconsolldated Soil 77 very dense y LT E rin re T 1 ’é I I ] 1’I_+) )
| _| Overconsolidated Soit " " vary dense - L =
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| | SiltySand lo Sandy Silt " " verydense / /
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| | clayeysitto SiyClay MUCL _hard | g \5
| cay cucH  stif } ) >z

r | silly Ciay to Clay cL st o
L] cray CLICH  stift —‘ \ﬁ %
| 4n Clay o gliff o
_1 0_ Clay "o sl b } )
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L . Clay "R verystif { ; ;
| | Clay "o vaery sliff
. | Clay "M verystiff { i E
. | Clay " very stiff >
| Clay " very stiff ( { 2
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

; Heber 2 Facil r. CA ProjectNo: LE04354 ____Date: 12/20/04
ONE SOUNDING: CPT-2

L GWT 12.0 Phi Correlafion: 0 0-Schm{78)1-RAC(R3) 2-PHT{74)
Base Base Avg Avg 1 Est. Qc Cn Est. Rel Nk: 17.0

o

Depth Depth  Tip  Friction Soll Soll Densltyor Density to SPT or Nom. % Dens. FPhi Su
meters feel Qc, tsf Ralio, % __ Type Ciassificalion USC _ Consistency (pc) N N(B0) Cg  Qglin FinesDr(%) (deg.) (ish OCR

015 05 70.28 452 5 5 ClayeySiitto Silty Clay  ML/CL  hard 120 26 28 2.0 )] 413 >10
030 10 7782 597 11 11 Overconsolidaled Soit ?? very dense 120 1.0 78 2.00 1471 55 110 43

045 15 91.98 83111 11 Qverconsolldated Soil 7 very dense 120 1.0 92 200 1739 50 107 43

060 20 129.94 378 6 6 SandySitto Clayey Silt ML very dense 115 36 37 200 2456 35 13 44

076 25 110.82 311 6 6 SandySiltto Claysy Slit ML very dense 116 35 34 200 2261 30 107 43

093 3.0 13768 2517 7 SltySandtoSandy St SM/ML verydense 115 45 31 200 2803 25 108 43

108 3.5 140.87 230 7 7 SitySandloSandySit SMML verydense 115 486 31 200 2663 25 106 43

123 4.0 139.35 2047 7 SltySandtoSandySlit SMML verydense 115 45 31 200 2634 20 104 43

138 45 144.85 2017 7 SilySandtoSandySilt SMML verydense 116 45 32 200 2738 20 103 42

1563 5.0 113.08 224 7 7 SitySand{oSandy Silt  SM/ML  vary dense 115 45 25 195 2089 25 94 Ly

168 55 5270 338 6 6§ ClayeySilttoSiltyClay ML/CL hard 120 25 21 1886 50 308 >0
183 80 13.87 491 3 3 Clay CL/CH  stiff 125 1.3 11 177 95 080 >0
198 65 15.08 5363 3 Clay CUCH  stff 126 1.3 12 170 95 0.87 >10
213 70 1477 481 3 3 Clay CL/CH  siff 125 1.3 12 163 g5 0.85 >10
228 75 1338 3803 3 Clay CL/CH  stiff 125 13 11 157 80 076 =10
245 80 1225 327 4 4 Silty Clay to Clay CL stiff 125 18 7 151 90 069 >10
260 85 11.34 3863 3 Clay CL/CH  stiff 125 13 9 146 100 0.64 9.79
275 80 13.82 4433 3 Clay CL/ICH  stiff 125 13 11 142 85 077 »>10
290 95 14.78 497 3 3 Clay CL/ICH  sfiff 128 13 12 1.38 100 0.84 >10
3.05 100 1504 5193 3 Clay CL/CH  stiff 125 13 12 1.4 100 0.85 >10
320 105 17.24 6613 3 Clay CLU/CH  stiff 125 13 14 133 100 0988 >10
336 11.0 1782 5313 3 Clay CL/ICH very stiff 125 13 14 1.31 100 101 >10
350 115 16.22 453 3 3 Clay CL/ICH  gtiff 126 13 13 1.28 100 0.92 >10
365 120 1459 4453 3 Clay CL/CH  stiff 125 13 12 1.28 100 0.82 919
3.80 125 15.95 4893 3 Clay CL/ICH  stiff 26 13 13 126 100 090 >0
395 130 16.10 5073 3 Clay CLICH  sliff 126 1.3 13 125 100 091 >10
413 135 2052 5653 3 Clay CUCH  vary stiff 126 13 16 1.23 100 117 =10
428 140 2248 6563 3 Clay CLICH  vary sliff 125 13 18 1.22 100 128 >10
4.43 145 20.89 5423 3 Clay CLUCH  very stiff 126 13 17 1.21 100 118 =10
4.58 150 17.79 8373 3 Clay CUCH  very stiff 125 1.3 14 119 100 100 >10
473 155 1947 6863 3 Clay CL/ICH  very stiff 126 1.3 16 1.18 100 110  >10
488 160 19.76 5773 3 Clay CLICH  very stiff 125 13 168 1.17 100 112 >10
5.03 165 2253 5913 3 Clay CLUCH  very stiff 125 12 18 1.6 100 128  >10
5.18 170 2167 5093 3 Clay CL/ICH  very stiff 126 13 17 115 100 123 =10
533 175 2215 5773 3 Clay CUCH  vary stif 125 13 18 1413 100 125 >10
548 160 2143 6103 3 Clay CLUCH  vary stiff 125 1.3 17 1.2 100 129 >10
565 185 21.56 5343 3 Clay . CL/CH  very stiff 125 1.3 17 11 100 122 >0
580 19.0 2273 6723 3 Clay CUCH  very stiff 125 1.3 18 1.10 100 1.29 >10
505 195 30.63 548 3 3 Clay CUCH  very stiff 126 1.3 25 1.09 95 175 >10
6.1¢ 20.0 17.85 6143 3 Cly CLICH  vaery stiff 125 13 14 1.08 100 100 7.41
8.25 205 17.30 5703 3 Clay CLCH  stiff 126 13 14 107 100 096 8.85
6.40 210 16.60 6983 3 Clay CLICH  stiff 126 13 13 1.07 100 092 6.0
865 215 2675 7443 3 Clay CUCH  very stiff 126 13 21 1.06 100 1.52 >0
6.70 220 28.17 6813 3 Clay CLICH  very stiff 125 13 23 105 100 1.80 =10
6.85 226 20.17 7243 3 Clay CL/ICH  vary sfiff 125 13 16 1.04 100 1.13 785
700 23.0 16.15 5623 3 Clay CL/ICH stiff 126 13 13 1.03 100 089 521
718 235 2197 684 3 3 Clay CUCH very stiff 125 13 17 102 100 1.20 8.27
733 240 24.23 5983 3 Clay CUCH verystiff 126 13 18 102 100 136  >10
748 245 27.09 6883 3 Clay CUCH  vary stiff 126 13 22 1.04 100 153 »>10
763 250 2397 6463 3 Clay CL/ICH  very stiff 125 1.3 19 100 100 136 939
7.78 255 2590 688 3 3 Clay CUCH  very stiff 26 1.3 21 0.9 100 1468 >10
7.93 260 24.80 61473 3 Clay CUCH  vary stiff 125 13 20 089 100 139 9.59
8.08 265 22.94 666 3 3 Clay CL/CH  very stiff 1256 13 18 098 100 1.28 8.00
8.23 27.0 22.28 6923 3 Clay CLICH  very siiff 125 13 18 097 100 124 7.27
8.38 275 20.15 6143 3 Clay CL/ICH  very stiff 125 13 16 097 100 1.12  6.10
8.53 280 24.13 8053 3 Clay CL/ICH  very stiff 125 13 19 0.96 100 135 8.14
8.68 285 28.28 586 3 3 Clay CUCH  very stiff 125 1.3 23 095 100 159 >10
8.85 200 26.02 5733 3 Clay CLICH  very stiff 125 1.3 21 085 100 1.46 885
8.00 295 28.06 6013 3 Clay CLICH  vary stiff 126 1.3 22 094 100 168  >10
9.16 300 2872 657 3 3 Clay CLICH  very stiff 125 1.3 24 093 100 1.68 >10




LANDMARK CONSULTANTS, INGC.
CONE PENETROMETER INTERPRETATION (based on Roberison & Campanella, 1989, refer lo Key to CPT logs)

%@Muﬂmn CA ProjectNo: LE04354  Date: 12/20/04
ONE SOUNDING: CPT-2

Esl. GWT (#); 12.0 Phi Corralation: 0 0-Schm{78).1-R&C(83).2-PHT(74)
Base Base Avg Avg 1 Est. Qc Cn Est. Rel Nk: 17.0

Tip  Friction Soll Salt Denslyor Density to SPT or Norm. % Dens. Phi  Su

Depth Depth
Fines Dr (%) (deg.

OCR

melers feel is! jfication.___ USC __ Consisle
930 305 2855 8413 3 Clay CL/CH  very stif 125 13 23 093 100 161 >10
845 3.0 3107 6843 3 Clay CL/ICH  very stiff 126 13 26 0.92 100 175 »10
960 31.5 3471 6593 3 Clay CLICH  very sllff 125 13 28 0.92 100 197 >i0
9.75 32.0 3527 6263 8 Clay CL/ICH  very stiff 126 13 28 091 100 200 >10
990 325 3701 5853 3 Clay CUCH hard 125 13 30 091 100 210 >10
1005 33.0 3237 5313 3 Clay CL/CH  very stiff 125 13 26 080 100 183 >10
1020 336 30.28 5703 3 Clay CL/CH  very siiff 125 1.3 24 0.89 100 170 9.50
1038 34.0 28.97 5713 3 Ciay CL/CH  very sliff 125 13 24 089 100 168 919
10.53 345 34.16 5423 3 Clay CL/CH  very stiff 126 13 27 088 100 193 >0
10.68 350 31.53 5443 3 Clay CL/ICH  very stiff 125 13 25 088 100 177 9.9
10.83 355 33.18 462 4 4 Silly Clay to Clay CL very stiff 26 18 19 087 100 .87 >10
1098 36.0 31.41 5323 3 Clay CL/CH  very stiff 126 1.3 25 0487 100 1.77 919
1113 365 28.85 4943 3 Clay CL/ICH  very stiff 126 1.3 23 0.886 100 162 7.70
11.28 37.0 23.74 5433 3 Clay CL/CH  very stiff 126 1.3 19 086 100 131 542
1143 375 2403 5193 3 Clay CLICH  very stiff 126 13 19 085 100 1.33 542
11.58 38.0 2873 5183 3 Ciay CL/ICH  very stiff 125 1.3 23 @85 100 180 7.13
11.73 385 2088 5193 3 Clay CL/CH  verystif 125 13 24 085 100 167 756
11.88 39.0 20.85 5053 3 Clay CL/CH  very stiff 125 13 24 084 100 185 7.27
12.05 395 2532 4723 3 Clay CL/CH  very stiff 126 13 20 084 100 140 553
1220 400 2249 4463 3 Clay CLICH  vary stiff 126 13 18 0.83 100 122 437
12,35 405 2443 4304 4 Slity Clayto Clay CL very stiff 125 1.8 14 083 100 135 6.54
1250 410 2486 366 5 § ClayeySiltto SiltyClay  ML/CL  very stiff 120 25 10 082 100 137 838
1265 415 2129 3255 5 ClayeySilttoSityClay  MUCL verystiff 120 25 9 082 100 116 ©6.88
1280 420 1981 3.04 5 5 ClayeySiltloSiityClay ML/CL very stiff 120 26 8 082 100 1.07 6.00
12.05 425 1887 2795 5 ClayeySiltto SittyClay  MUCL  very stiff 120 25 8 0.81 100 1.02 542
13.10 430 1980 248 5 5 ClayeySittto Slity Clay ~ ML/CL  very stiff 120 25 8 0.81 100 108 576
13.25 435 2170 284 56 5 ClayeySiitto Sily Clay  ML/ICL  vary stiff 120 25 9 081 100 118  6.65
1340 440 2224 2625 5 ClayeySilttoSittyClay ML/CL very stlif 120 25 9 0380 100 121 6.88
13.68 445 2252 2785 5 ClayaySiltto SityClay  MUCL  very sliff 120 25 8 080 100 123 6.88
13.73 450 2515 3775 5 ClayeySittoSiltyClay ML/CL very stiff 120 25 10 080 100 138 8.27
13.88 455 2820 3805 5 CiayeySlittoSilty Clay ML/CL very stiff 120 25 10 0.79 100 144 885
14.03 460 24.44 3025 5 ClayeySlittoSilty Clay  ML/CL  very stiff 120 25 10 0.79 100 134 770
14.18 465 2265 243 5 5 ClayeySlttoSityClay MUICL very stiff 120 25 9 o7 160 1.23  6.54
14.33 470 208% 198 6 6 SandySlitto Clayey Silt ML vary loose 115 35 6 078 154 100 17 30
1448 475 205t 2126 6 SandySitto Clayey Slit ML very loose 115 35 6 078 151 100 17 30
1483 480 22861 250 5 5 ClaysySlitio Silty Clay  ML/CL  very stiff 120 25 9 078 100 123 632
1478 485 20.83 213 6 B SandySitto Clayey Sit ML vary looge 115 35 6 077 152 100 117 30
1493 490 2093 227 6 5 ClayeySiltto Silty Clay  ML/CL  very sliff 120 25 8 077 100 143 542
15.10 435 20.67 2116 6 SandySiltto Clayey St ML very loose 115 35 6 077 150 100 16 30
1525 60.0 19.06 225 5 5 ClayeySiitfoSity Clay  ML/CL  very sliff 120 25 8 0786 100 1.01  4.47




CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA

LOCATION: See Site and Boring Location Plan

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC, Truck Mounted Electric

Cone with 23 ton reaction walght

DATE: _12/20/04

LOG OF CONE SOUNDING DATA CPT-3

E INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
£ | From Robertson & Campanella {1989) Qe (1sf) Fs (tsf) FR = Fs/Qc (%)
§ 0 100 200 400 0 2 4 6 g O 2 4 6 8
QUND EL. +f-
T o °|&||||1||1|||11 T T =
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LANDMARK CONSULTANTS, INC.

CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

0
Est.
%o

0-Schmf g&}_,l-R&ng! 2.PHT(74)

Nk:
Phi

Rel.
Dens.

Qcin Fines Dr{%) {d

= her 2. : LE04354 Date; 12/20/04
ONE SOUNDING. CPT 3
Esl. GWT (it): 120 Phi Corralalion:
Base Base Avg Avg 1 Est. Qe Cn
Dapth Depth  Tip Friction Soil Soil Densily or  Density o SPT or Nom.
|imelers feet i N N
015 05 5176 336 5 5 ClayeySiittoSilty Clay MUWCL hard 120 25 21 200
030 1.0 4842 756 3 3 Clay CL/CH hard 126 13 37 200
045 15 4035 6793 3 Clay CL/CH hard 125 1.3 32 200
060 20 6172 480 4 4 Slity Clayto Clay CcL hard 125 1.8 35 200
075 25 109.67 3.07 6 6 SandySiitto Clayey Siit ML very dense 115 36 31 200 2073
093 30 11880 284 7 7 Slity Sand to Sandy Silt  SM/ML  very dense 195 45 26 200 2242
1.08 35 127.70 243 7 7 SiltySandto SandySlt SM/ML very dense 115 45 28 200 2414
123 40 13115 202 7 7 SitySandto Sandy Silt SM/ML very dense 115 4.5 28 200 2479
138 45 14755 1.96 7 7 Silty Sand to Sandy SHit SM/ML  very dense 115 45 33 200 2789
153 B0 148.38 205 7 7 SlilySandtoSandySit SM/ML verydense 116 45 33 194 2717
168 55 11144 2.28 7 7 SltySandtoSandySlit SMML verydense 115 4.5 25 1.85 1944
183 60 4017 402 5 5 CiayeySiltto SiltyClay ML/CL hard 120 25 16 1.78
198 65 13.36 518 3 3 Clay CLUCH  siiff 126 13 11 1.69
213 70 1322 5653 3 Clay CL/CH  stiff 125 13 11 162
228 75 768 4853 3 Clay CL/CH  firm 126 13 6 156
245 BO 1150 4553 3 Clay CUCH stiff 25 13 9 151
260 85 108t 349 4 4 Siity Clay to Clay CL stiff 125 18 6 1486
275 9.0 9.81 4103 3 Clay CL/CH  stiff 125 13 8 142
280 95 1085 5093 3 Clay CL/CH  stiff 125 13 9 138
305 100 1461 636 3 3 Clay CL/CH  stiff 125 13 12 134
320 105 1497 5813 3 Clay CUCH  sliff 125 13 12 132
335 110 1449 6533 3 Clay CL/CH  stiff 125 13 12 1.31
350 115 1504 5423 3 Clay CL/CH  stiff 126 1.3 13 128
3.65 120 1415 5013 3 Cley CU/CH  sfiff 125 13 11 127
3.80 125 2031 5163 3 Clay CL/ICH  very stiff 125 13 16 1.26
3.95 13.0 2381 5793 3 Clay CL/CH very stiff 125 1.3 18 124
413 135 1835 8423 3 Clay CL/ICH  vaery stiff 126 13 15 123
428 140 1813 6733 3 Clay CL/ICH  very stiff 125 13 15 122
443 145 1970 BS6 3 3 Clay CLICH vary stiff 126 13 16 120
4.58 150 18.07 5713 3 Clay CUCH  very stiff 125 1.3 14 119
4.73 15.5 14.88 5243 3 Clay CLICH  stiff 128 13 12 118
488 160 14.60 5683 3 Clay CLICH  sliff 125 13 2 147
503 16.5 1349 6253 3 Clay CUCH  stiff 125 13 11 146
5.18 17.0 13.31 544 3 3 Clay CL/CH  stiff 126 1.3 11 114
533 17.5 1620 6213 3 Clay CL/CH  stiff 125 1.3 13 1.43
548 180 19.16 5983 3 Clay CUCH very stiff 126 13 16 1.2
665 185 1549 880 3 3 Clay CLCH  sliff 126 13 12 1.1
580 180 1581 6833 3 Clay CLUCH  stiff 125 1.3 13 110
585 185 1632 700 3 3 Clay CL/ICH  stiff 125 13 13 108
6.10 200 1726 5953 3 Clay CLICH  stiff 125 1.3 14 108
6.25 20.5 13.28 576 3 3 Clay CL/CH  sfiff 25 13 11 107
6.40 210 11.94 684 3 3 Clay CL/ICH  stff 126 13 9 1086
6.55 215 1248 7403 3 Clay CL/CH  stiff 125 13 10 1086
8.70 22.0 1482 7623 3 Clay CL/CH  stiff 125 13 12 105
6.85 225 17.77 698 3 3 Clay CL/ICH  stiff 125 1.3 14 104
7.00 230 2145 7343 3 Clay CL/ICH  very stiff 125 1.3 17 103
7.18 23.5 24.58 784 3 3 Clay CL/ICH  very stiff 125 13 20 102
7.33 240 51.65 388 5 5 ClayeySlttoSiltyClay MLUCL hard 120 25 21 102
7.48 245 3437 4913 3 Clay CL/CH  very stiff 126 1.3 27 101
783 250 1884 544 3 3 Clay CL/CH  very sfiff 125 13 15 1.00
7.78 255 21.09 6113 3 Clay CL/CH  vary stiff 125 1.3 17 0.99
7.93 26,0 2612 549 3 3 Clay CL/CH  vary stiff 425 13 21 0.9
808 285 26.28 558 3 3 Clay CL/ICH  very sliff 125 13 21 088
8.23 270 21.92 5§06 3 3 Clay CL/CH  vary sfiff 125 13 18 0.97
8.38 275 23.63 6153 3 Clay CLICH  very stiff 125 13 19 097
8.53 28.0 2049 6073 3 Clay CLICH  very stiff 125 13 16 096
8.68 285 1911 6873 3 Clay CUCH  very stiff 125 13 15 085
8.85 29.0 18,15 5243 3 Clay CL/ICH stiff 125 13 15 085
9.00 295 2172 6183 3 Clay CL/ICH  very stiff 126 1.3 17 094
9.15 30.0 2063 6553 3 Clay CL/CH  very stiff 126 1.3 17 093
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100
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100
100
100
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3.04
273
2.37
3.82

2.34
0.76
0.76
0.43
0.65
0.60
0.55
0.81
0.82
0.85
0.82
0.90
0.79
1.18
1.36
1.04
1.02
1.12
1.02
0.83
0.81
0.75
0.74
0.90
1.08
0.86
0.88
0.91
0.96
0.73
0.60
0.68
0.82

- 0.9

1.20
1.39
2.98
1.6
1.05
1.18
1.47
1.48
1.22
1.32
1.14
1.06
1.00
1.21
114

OCR

>10
>10
>10
=10

>10
>10
>10
6.10
>10
>10
6.54
7.00
>10
>10
>10
>10
8.56
>10
>10
>10
>10
>10
>10
7.00
6.85
5.65
5.31
713
9.68
6.32
6.32
6.43
6.88
4.37
3.28
3.74
4.89
6.32
8.41
>10
>10
>10
6.10
7.13
>10
>10
7.13
8.00
8.10
5.31
4.78
8.32
5.85




EONE SOUNDINﬁ: CPT-3
WT {f):

Phl| Correlation: 0 1- 2-PHY(74
Base Base Avg Avg 1 Est. Qo Cn Est. Rel. Nk 17.0
Depth Depth  Tip  Friction Soil Soll Densilyor Density o SPT of Norm. % Dens. Phi Su
imelers feet Qe tsf Ratio, % _ Typa Classificalion USC _ Consistency (pch N N(B0) Cq Qclin FinesDr{%) (deg.) (s OCR
830 305 2290 7513 3 Clay CL/CH  very stiff 125 1.3 18 093 100 127 6.54
945 M0 2057 6233 3 Clay CL/CH  very stiff 126 1.3 16 0.92 100 1.14 5.42
060 315 19.55 68903 3 Clay CL/CH  very stlff 126 13 16 092 100 1.08 4.89
975 320 23.76 8373 3 Clay CLICH  very siiff 126 1.3 19 081 100 132 654
080 325 24.30 8053 3 Clay CLICH very siiff 125 1.3 19 0.80 100 135 6.65
1005 330 2278 6543 3 Clay CL/ICH  very stiff i26 13 18 0.80 100 126 5.88
1020 335 21.56 5913 3 Clay CL/CH  very stiff 126 1.3 17 0.89 100 119 531
1038 340 2082 6403 3 Clay CLICH very sliff 125 13 17 0.89 100 1.15 4.89
1053 345 2117 6.04 3 3 Clay CLICH  very stiff 125 1.3 17 0.88 100 117 4.89
10.68 350 24.71 8053 3 Clay CLICH  very stlff 126 1.3 20 088 100 137 6.21
10.83 355 23.14 5913 3 Clay CLICH  very sfiff 125 1.3 19 087 100 1.28 5.53
1088 380 19.96 5213 3 Cly CL/CH  very sliff 126 1.3 16 0.87 100 1.00 4.28
1143 365 19.03 4883 3 Clay CL/ICH  very stiif 126 13 15 0.8 100 1.04 3.91
1128 370 16.19 4333 3 Clay CL/CH  stiff 126 1.3 13 0.8 100 0.87 3.07
1143 375 16.02 6383 3 Clay CLICH  stiff 125 1.3 13 085 100 086 3.00
1156 38.0 16.15 5063 3 Clay CL/ICH  stiff 125 1.3 13 085 100 0.86 3.00
11.73 385 1781 4753 3 Clay CL/ICH  sliff 126 1.3 14 0.85 100 086 3.35
1188 39.0 21.66 441 4 4 Slity Clay to Clay CL vary stiff 126 1.8 12 0.4 100 1.19 5.86
1205 385 20.18 3425 5 ClayeySilttoSiltyClay  ML/CL  very sUff 120 25 8 0.84 100 1.10 6.85
1220 40.0 17.00 282 5 5 ClayeySilttoSifly Clay  ML/CL  stlif 120 25 7 0.83 100 0.91 5.00
1235 40.5 20.84 432 4 4 SiltyClayto Clay CcL very stiff 126 1.8 12 0.83 100 112 500
1250 410 36.67 370 5 5 ClayeySilttoSlity Clay MUCL  hard 20 25 15 0.82 95 206 >10
1285 41.5 31.64 464 4 4 SlityClayto Clay CL very stiff 126 1.8 18 0.82 100 177 >10
1280 420 2358 366 & 5 ClayaySlttoSltyClay ML/CL very stiff 120 25 9 082 100 129 8.14
12,95 425 2497 3286 5 ClayeySilttoSityClay ML/CL very stiff 120 25 10 0.81 100 137 885
13.10 43.0 19.07 2716 5 ClayeySlttoSltyClay  MUCL very silff 120 25 &8 081 100 1.03 5.42
1325 435 18.86 298 5 b ClaysySiltto Silty Clay =~ ML/CL  very stfi 120 25 8 0.81 100 101 531
1340 440 19.54 3205 5 ClaysySilttoSiltyClay ML/CL very stiff 120 25 8 080 100 108 &£53
13.58 445 19.29 387 4 4 SityClayto Clay CcL very stlff 26 18 11 0.80 100 1.04 3.91
13.73 450 19.78 386 4 4 SsiliyClayto Clay CL vary stiff 125 18 11 080 100 1.07 4.00
13.88 455 17.66 3315 & ClayeySilttoSlityClay MLICL  sbiff 120 25 7 079 100 094 447
14.03 480 18.42 218 5 5 CiayeySittoSlityClay MUCL siff 120 25 7 079 100 0.87 391
14.18 465 15661 2355 5 ClayeySiltto SiltyClay  ML/CL  sfiff 120 25 6 0.78 100 082 358
1433 470 16.68 180 6 6 SandySiltio Clayey Silt ML very loose 16 35 5 078 123 100 M 29
1448 475 18.25 180 6 6 SandySlitto ClayeySit ML very loose 115 35 § 078 134 100 13 30
1463 480 1939 2435 5 ClayeySilttoSltyClay  ML/CL very stiff 120 25 8 078 100 1.04 489
14.78 485 193¢ 3.87 4 4 sSilty Clayto Clay CcL very stiff 6 18 11 0.77 100 1.04 358
1493 490 1913 282 5 5 Claysy Slitto Sitty Clay  ML/GL  very stiff 120 25 8 077 100 1.02  4.57
15.10 495 16.46 159 6 B SandySlitto Clayey Silt ML very loose 115 35 & 0.77 118 100 10 29
50.0 1891 2838 5 ClayeySiltto Silty Clay ~ ML/CL  siiff 120 25 7 076 100 0.88 3.74
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CLIENT:

ORMAT

LANDMARK CONSULTANTS, INC.

PROJECT: ORMAT Heber 2 Fagilities, Heber, CA

JOB NO:

LE04354

DATE: 12/28/04

oo

ATTERBERG LIMITS (ASTM .D431 8)

==

Sample Liquid Plastic Plasticity USCS
Sample Depth Limit Limit Index Classif-
Location () (LL) (PL) (P1) ation
CPT-1 0-1.5 35 18 17 CL
CPT-2 0-2 35 17 18 CL
CPT-3 0-1.5 36 15 21 CL
|PLASTICITY CHART
70 = >
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LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT

PROJECT: ORMAT Heber 2 Facilities, Heber, CA

JOB NO: LE04354
DATE: 12/28/04

e o e et et 1t P Sl T P B o e

=

Boring: CalTrans
Sample Depith, ft: 0-1.5 0-2 2-3 Method
pH: 7.9 7.8 7.9 643
Electrical Conductivity (mmhos): 2.5 1.8 0.9 424
Resistivity (ohm-cm): 260 300 1000 643
Chloride (Ci), ppm: 3,040 1,490 220 422
Sulfate (SO4), ppm: 2,812 3,006 1,500 1,106 417
General Guidelines for Soil Corrosivity
Material Chemical Amount in Degree of
Affected —Agent —Solf (ppm). Corrosivity
Concrete Soluble 0 -1000 Low
Sulfates 1000 - 2000 Moderate
2000 - 20,000 Severe
> 20,000 Very Severe
Normal Soluble 0-200 Low
Grade Chlorides 200 - 700 Moderate
Steel 700 - 1500 Severe
> 1500 Very Severe
Normal Resistivity 1-1000 Very Severe
Grade 1000-2000 Severe
Steel 2000-10,000 Moderate
10,000+  Low
Geo-Fngineers and Geolagists.
& DAE/MBE/SBE Compuny Selected Chemical Plate
Project No: LE04354 Analyses Results C-2




LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA

JOB NO: LE04354

DATE: 12/28/04

e s e ey g

—— e e s

CHEMICAL ANALYSES

Boring: CPT-3 CPT-3 CalTrans
Sample Depth, ft: 0-1.5 1.5-3 Method
pH: 7.9 7.8 643
Electrical Conductivity (mmhos): 1.5 1.3 424
Resistivity (ohm-cm): 450 1000 643
Chloride (Cl), ppm: 570 210 422
Sulfate (SO4), ppm: 1,785 1,052 417
General Guidelines for Soll Corrosivity
Material Chemical Amount in Degree of
Affected Agent Soil {ppm) Corrosivity
Concrete Soluble 0-1000 Low
Sulfates 1000 - 2000 Moderate
2000 - 20,000 Severs
> 20,000 Very Severe
Normal Soluble 0-200 Low
Grade Chlorides 200 -700 Moderate
Steel 700 - 1500 Severe
> 1500 Very Severe
Normal Resistivity 1-1000 Very Severe
Grade 1000-2000 Severe
Steel 2000-10,000 Moderate
10,000+ Low
G()0~Engince!'§ and Geologists
& DBE/MBE/SBE Company Selected Chemical Plate
LE04354 Analyses Results C3
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AIR QUALITY ANALYSIS SUMMARY FOR THE ORMAT
HEBER 2 GEOTHERMAL REPOWER PROJECT

PREPAREDFOR:  Ben Pogue, Catalyst Environmental Solutions
PREPAREDBY:  Joel Firebaugh, Air Sciences Inc.

PROJECT NO.: 246-2-1
COPIES: Melissa Wendt, ORMAT Nevada Inc.
DATE: August 12, 2019

The Second Imperial Geothermal Company (SIGC), a wholly owned subsidiary of ORMAT
Nevada Inc. (ORMAT), proposes to replace six existing water-cooled ORMAT Energy
Converters (OECs) with two new water-cooled OECs at the Heber 2 Geothermal Energy
Complex in Imperial County, CA. The project also entails installing three new 10,000 gallon
above ground storage tanks to accommodate additional isopentane. The project will affect
volatile organic compound (VOC) air emissions at the facility. The proposed changes are not
expected to affect emission rates of other regulated pollutant emissions.

1.0 Project Description

The Heber 2 Complex is a geothermal power generation facility located on private lands owned
by SIGC/ORMAT in southern Imperial County. The facility operates under Imperial County
Air Pollution Control District ICAPCD) Permit to Operate (PTO) #2217A-4. Heber 2 currently
consists of six Integrated Two-Level Units (ITLU) which have a gross combined power output
rating of 36 megawatts. PTO #2217A-4 also covers two adjacent, connected facilities to Heber 2:
Goulds 2 and Heber South. These two facilities each consist of one ORMAT Energy Converter
(OEC) with gross outputs of 10 and 12 megawatts, respectively. Ancillary equipment for the
combined facilities includes cooling towers, an evacuation skid/vapor recovery maintenance
unit (VRMU), motive fluid (MF) storage tanks, and diesel engines for emergency use.

The proposed development would occur entirely on Assessor’s Parcel Number (APN) 054-250-
031, which is a 39.99-acre property. The address for Heber 2 is 855 Dogwood Road, Heber, CA
92249.

1.1 Proposed Development

Development of the proposed project includes the installation of two new OEC units,
manufactured by ORMAT, to replace the six existing ITLUs which were also manufactured by
ORMAT in 1992. The total disturbance would be approximately 4 acres, entirely within the



AIR QUALITY ANALYSIS SUMMARY FOR THE ORMAT HEBER 2 GEOTHERMAL REPOWER PROJECT

existing Heber 2 site. The existing ITLUs will either be demolished or abandoned in place. The
development site is completely devoid of any vegetation and is actively disturbed as part of
ongoing energy generation operations at the Heber 2 Complex. Considering its current
condition, site preparation for the installation of the proposed facilities would be limited to light
excavation and soil compaction.

ORMAT Energy Converter-1 (OEC-1)

The proposed OEC-1 unit is a two-turbine combined cycle binary unit, operating on a
subcritical Rankine cycle, with isopentane as the motive fluid for the system. This system also
consists of a generator, vaporizer, water cooled condensers, preheaters and recuperators, with
the OEC served by the existing evacuation skid/vapor recovery maintenance unit for purging
and maintenance events. The design capacity for the unit is 25.43 MW gross.

ORMAT Energy Converter-2 (OEC-2)

The proposed OEC-2 unit is a two-cycle binary unit, operating on a subcritical Rankine cycle,
with isopentane as the motive fluid for the system. This system also consists of a generator,
turbines, vaporizers, water cooled condensers and preheaters, with the OEC served by the
existing evacuation skid/ vapor recovery maintenance unit (VRMU) for purging and
maintenance events. The design capacity for the unit is 14.01 MW gross.

Three Additional Isopentane Above Ground Storage Tanks

To support the new OEC units, three new storage tanks for additional isopentane supply would
be installed. There are two existing storage tanks at Heber 2 and one at Goulds 2. The new tanks
would be sited adjacent to the existing Heber 2 tanks. Each of the new and existing tanks has a
capacity of 10,000 gallons.

2.0 Existing Air Emissions

The Heber 2 facility is a minor source of air pollution and operates in compliance with all
applicable air quality requirements and its permit to operate (PTO #2217A-4). Air emission
sources currently at the facility include the geothermal power generating units, cooling towers,
VRMU, and emergency diesel equipment.

The existing power generating units (6 ITLUs and 2 OECs) have a combined gross power
generating capacity of 58 megawatts. These units generate power by taking geothermal energy
(e.g. heat) to vaporize liquid isopentane, which is the motive fluid that powers the turbines to
create electricity.

The primary air pollutant from the facility is isopentane, which is a VOC. Isopentane emissions
occur due to maintenance, purging, and fugitive leaks. During maintenance, the unit is shut
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down and the isopentane is evacuated before the system is opened for the necessary work to be
performed. To evacuate the system, the liquid isopentane is transferred to storage tanks, and
the remaining vapors are passed through the VRMU. The overall recovery rate of isopentane
during evacuation is greater than 99.9%. However, trace quantities of vapors as well as liquid
collected at low points in the system where the liquid cannot be completely drained result in
VOC emissions when the unit is opened to the atmosphere.

Purging is the process by which impurities are removed from the isopentane closed circuit.
Contamination of the isopentane causes operating efficiency losses, so purging is performed on
a regular basis. Vapors are passed through the VRMU and the isopentane is collected and
returned to the system while other gases are removed.

Fugitive losses of isopentane can occur due to failing seals, valves, flanges, etc.

Current permitted emission limits for the facility are provided in Table 1. In addition to
isopentane emissions, there are particulate emissions from the cooling towers as well as
particulates, NOx, CO, SOz, and VOC emissions from the emergency diesel engines. Potential
emissions of PM1g, PMas, NOx, CO, SOz and VOCs from the cooling towers and diesel engines,
combined, are less than 2 tons per year for each pollutant.

Table 1. Facility-wide Isopentane Emission Limits

Emission Source Isopentane Emission Limit
1st Quarter (Jan ~ Mar) 185 Ibs/day
2nd Quarter (Apr - Jun) 137 lbs/day
3rd Quarter (Jul - Sep) 137 lbs/day
4th Quarter (Oct - Dec) 218 Ibs/day

Emissions are calculated on a quarterly average basis.

3.0 Method for Predicting Emissions for Proposed Development

The proposed changes to the facility do not include changes to the cooling towers or emergency
diesel equipment. The only expected change to emissions from the proposed development is the
isopentane emissions from the geothermal power generating units (OECs and ITLUs).

Future potential isopentane emissions were estimated based on actual emissions from the
facility for the previous two years. Isopentane emissions are related to the size of the system, so
emissions were estimated by scaling the previous actual emissions according to the change in
MF volume at the facility. The existing six ITLUs and two OECs have a combined volume of
120,000 gallons, and the three MF storage tanks have a total capacity of 30,000 gallons. After the
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proposed development, the combined volume of the existing and new OECs will be 111,000
gallons, and the MF tanks will have 60,000 gallons total capacity.

Maintenance and fugitive emissions were also adjusted for the decreased complexity of the new
units. By replacing six smaller units with two larger units, the number of seals, flanges, pumps
valves, etc. is reduced significantly. A 50% emission reduction factor was applied to account for
the approximately 50% fewer potential sites for leaks and equipment failure.

Isopentane emissions were estimated as follows:

- Maintenance and purging emissions were estimated based on the worst-case quarterly
emissions for maintenance and purging from the previous two years. These emission
rates were scaled based on the ratio of the future OEC volume (111,000 gallons) to the
existing ITLU plus OEC volume (120,000 gallons). Maintenance emissions were then
scaled using the 50% reduction factor described above.

-  Fugitive emissions were estimated based on the worst-case quarterly emission rate over
the last two years, scaled based on the total system capacity of the system including MF
tanks (171,000 gallons proposed versus 150,000 existing). Emissions were then scaled
with the 50% reduction factor described above.

This emission estimation method is a reasonably conservative estimate (e.g. an overestimation)
of future emissions. The new units benefit from improvements in the design and technology
that have occurred during the decades since the existing units were constructed. These
improvements reduce fugitive leaks as well as emissions during MF evacuation for maintenance
but are not accounted for in the emission estimate. Additionally, these new units are expected to
have lower emissions because the units they are replacing have higher maintenance
requirements due to their age.

4.0 Potential Emissions Summary for Proposed Development

Previous actual isopentane emissions, estimated potential emissions, as well as emission limits
in PTO #2217A-4 for the Heber 2 Complex are given below in Table 2. Note that the estimated
emissions for the facility after the proposed development remain below the current permitted
emission limits. The estimated emissions are reasonably conservative for the reasons described
above.
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Table 2. Actual and Potential Emissions for Heber 2 Facility

Facility Total Emissions

Isopentane Emissions Ibs/ day tons / year
Actual Emissions (2017 - 2018) 117.5 14.9
Estimated Potential Emissions 64.5 11.8
Emissions Increase -52.9 -3.1
Current Permit Limit (varies) 137 - 218

Proposed Permit Limit (varies) 137 - 202

The currently permitted isopentane emission limits vary by calendar quarter. In quarters two
and three, the limit is 137 pounds per day. In quarters one and four, additional facility
maintenance is typically performed, which potentially increase emissions. The current limit for
the first quarter is 185 pounds per day and the fourth quarter limit is 218 pounds per day. The
proposed reduction in OEC total size from 130,000 to 121,000 will reduce the volume of
isopentane that needs to be evacuated for maintenance operations. SIGC is requesting to reduce
the isopentane emission limits by an amount equivalent to the reduction in OEC volume (7.5%)
for the two quarter with higher maintenance emissions. The proposed limits are 171 and 202
pounds per day for the first and fourth quarters, respectively.

The proposed changes are not expected to affect emissions of other regulated pollutants.

5.0 Air Quality Protection Measures

ORMAT has implemented measures to limit air emissions at Heber 2. These measures include
but are not limited to the following;:

- A water truck is used on site to control fugitive dust emissions.
- A five mile per hour speed limit at the site further reduces fugitive dust emissions.

- During windy conditions, additional watering is conducted to minimize wind-blown
fugitive dust.

- Equipment is operated according to best practices and maintained according to design
specifications.

- The OECs and ITLUs are inspected for leaks using specialized leak detection equipment
during every shift, and leaks are repaired quickly.
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Any breakdown resulting in air emissions is reported to ICAPCD and corrected
promptly (within 24 hours when possible).

The VRMU is tested annually to confirm proper function and high isopentane recovery
rates,
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1.0 FACILITY OVERVIEW

This technical assessment was conducted to fulfill the Hazard Assessments Offsite Consequence

Analysis (OCA) requirements of the following regulations:

e 40 CFR §68.65 — Environmental Protection Agency (EPA) “Risk Management Plan
(RMPy

e 19 CCR 2750.1 to 2750.9 — California Code of Regulation “California Accidental Release
Prevention (CalARP) Program”?

This assessment is completed for the Ormat — Heber 2 Geothermal Complex Facility located in
Heber, California. The facilitie’s location at 885 Dogwood Road, Heber, CA 92249 is illustrated in
Figure 1 below. The yellow marker depicts the location of the three 10,000 gallon isopentane
vessels.

| Google Earth

Figure 1: Aerial View of the Facility Location

COVERED PROCESS FORMAT LATITUDE LONGITUDE

Isopentane Vessel 1 Degrees/Minutes/Seconds 32°42'51.20"N 115°32'10.47"'W
Isopentane Vessel 2 Degrees/Minutes/Seconds 32°42'51.38"N | 115°32'10.44"W
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Isopentane Vessel 3 Degrees/Minutes/Seconds 32°42'51.56"N 115°32'10.43'"W

2.0 COVERED PROCESS

The Ormat — Heber 2 Geothermal Complex has three geothermal electrical generating plants
in Heber, CA operated by Ormat Nevada, Inc. Heber 2 consists of the H2, Gould-2 (G-2), and
Heber South binary processes. The projects use the renewable geothermal resources of the

Heber Known Geothermal Resource Area (KGRA) to generate electrical power.

The Heber 2 Geothermal Project produces electricity by using a vaporized motive fluid to spin a
turbine connected to a generator. In the H2 binary processes, isopentane is the motive fluid.

The covered processes at the facility are listed below.

Table 1: Ormat—Heber 2 Geothermal Complex Facility Covered Process

INVENTORY IN LARGEST
REGULATED
SINGLE VESSEL TANK TYPE STORAGE
SUBSTANCE
(LBS.) INVENTORY
10,000 gallon
Heber 2 Isopentane 51,400 Storage -
an

This hazard assessment will focus on the regulated substance, isopentane, in Heber 2. The facility
is classified as Prevention Program 3 and is regulated by the Environmental Protection Agency’s
Risk Management Program (EPA RMP) for Chemical Accidental Release Prevention in
accordance with the Code of Federal Regulations, Title 40, Chapter |, Subchapter C, Part 68,
Subpart B Sections 68.20 to 68.42 (40 CFR §68.20 - 68.42)!"! for isopentane, because it is held
on site in excess of 10,000 Ibs. The unit is a geothermal power plant and utilizes
isopentane as the motive fluid in the generation of electricity.

3.0 LEVEL OF CONCERN

To address potential health effects for the worst-case release scenario, the following are the key
endpoints of concern for the EPA RMP as defined in Title 40 CFR Section 68.22(2):

() Explosion. An overpressure of 1 psi.
(i) Radiant heat/exposure time. A radiant heat of 5 kW/m? for 40 seconds.
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(iii) Lower flammability limit. A lower flammability limit as provided in NFPA documents
or other generally recognized sources.

The distance from the point of release to the endpoint identified above defines a radius circle of
concern for which consequences are reported in the Risk Management Plan.

4.0 WORST-CASE SCENARIO

The US EPA RMP determines the worst-case release quantity in Title 40 CFR Part 68.25(b) as
follows:

The worst-case release quantity shall be the greater of the following:

(1) For substances in a vessel, the greatest amount held in a single vessel, taking into
account administrative controls that limit the maximum quantity;

(2) For substances in pipes, the greatest amount in a pipe, taking into account
administrative controls that limit the maximum quantity.

Given the substance released is a flammable, the US EPA RMP gives further guidelines in 68.25
®:

Worst-Case scenario-flammable liquids. The owner or operator shall assume that the
quantity of the substance, as determined under paragraph (b) of this section and the
provisions below, vaporizes resulting in a vapor cloud explosion. A yield factor of 10
percent of the available energy released in the explosion shall be used to determine
the distance to the explosion endpoint if the model used is based on TNT equivalent
methods.

(1) For regulated flammable substances that are normally liquids at ambient
temperature, the owner or operator shall assume that the entire quantity in the
vessel or pipe as determined under paragraph (b) of this section, is spilled
instantaneously to form a liquid pool. For liquids at temperatures below their
atmospheric boiling point, the volatilization rate shall be calculated at the condition
specified in paragraph (d) of this section.

(2) The owner or operator shall assume that the quantity which becomes vapor in the
first 10 minutes is involved in the vapor cloud explosion.

Normally, to develop the worst-case scenario, the covered process is reviewed and a suitable
worst-case release analysis is identified through a review of vessels and storage tanks to
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determine the single vessel with the largest quantity of the regulated substance. However, in this
particular Hazard Assessment, the worst-case scenario instead analyzes a release from one of
the three new 10,000 gallon isopentane storage vessels. This updated Hazard Assessment
was performed to account for the modifications made to Heber 2 as part of the facility's
expansion project, and thus, an exclusive examination of the three new 10,000 gallon storage
vessels was performed rather than a review of the entire facility.

The 10,000 gallon isopentane storage vessel located closest to the residential
neighborhood northeast of the plant was examined as a representative sample for the
worst-case release scenario since this vessel has the largest potential to impact the
community. EPA’s RMP*Comp!®! modeling software was used to determine the distance to the
endpoint for the worst-case release scenario analysis. The vulnerability zone resulting from
this analysis was then reviewed. A vulnerability zone is defined as a circle whose center is
the point of release and its radius is the length of the endpoint, which is predicted by the
dispersion model (e.g., RMP*Comp).

4.1 Worst-Case Scenario Selection Process

The process of worst-case release scenario identification is summarized as follows. Figure 2 on
the following page depicts the steps in this process.

o Inventory Calculation: The first step was to perform the inventory calculations for the
10,000 gallon storage vessels in the covered units and systems.

o Screening Analysis: The 10,000 gallon isopentane storage vessels’ location was
screened, and the single vessel that had the greatest potential to impact the community
was selected for analysis. Once this vessel was identified, RMP*Comp was used to model
the scenarios and determine the dispersion endpoints for the worst-case release
scenarios. This was performed to determine the vulnerability zone associated with the

worst-case release scenarios.

o Review of the Vulnerability Zone: The vulnerability zone resulting from the previous step
was reviewed and is representative for the plant’s worst-case scenario.

e Worst-Case Analysis: To document the worst-case scenario, the potential public
receptors within the vulnerability zone were identified. All modeling inputs, calculations
and assumptions are documented.
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Inventory Calculation

Calculate Inventories of all vessels in all covered units.

Screening Analysis

I¢

Select vessel with largest inventory in Model potential release disperion of the
covered units/systems. vessel using the selected software.

Review of Hazard Zone

I(l

Overlay results onto a map illustrating the This shall represent the worst-case scenario
circle of concern. that impacts all potential receptors.

Worst-Case Scenario Analysis

|¢

Determine and document all public and Present final results and modeling
sensitive receptors. assumptions.

Figure 2: Worst-Case Scenario Selection Process

4.2 Flammable Release Potential Consequences

Several possible consequences of releases of flammable substances are discussed below. It
should be noted that the following possible consequences apply to not only worst-case release
analysis.

* Flash Fire. This event may result from dispersion of a flammable vapor cloud and ignition
of the cloud following dispersion. Such a fire could flash back and could represent a
severe heat radiation hazard to anyone in the area of the cloud. The lower flammability
limit (LFL) endpoint, specified in the rule, would be appropriate for flash fires (vapor cloud
fires).

» Pool Fire. Spill of a liquid whose boiling point is above ambient temperature may form a
liquid pool, which could ignite and form a pool fire. The applicable endpoint specified in
the rule is the heat radiation level of 5 kW/m?2.
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e BLEVE. A BLEVE (Boiling Liquid Expanding Vapor Explosion) is a potential release
scenario associated with a large quantity of flammable materials kept at below their boiling
points. A BLEVE that may lead to a fireball could produce intense heat. This event may
occur if a vessel containing flammable material ruptures as a result of exposure to fire.
Heat radiation from the fireball is the primary hazard and vessel fragments and
overpressure from the explosion are generally considered unlikely. To estimate the
distance to a radiant heat level that can cause second degree burns (a heat “dose”
equivalent to the specified radiant heat endpoint of 5 kW/m? for 40 seconds). Consistent
with the EPA’s “Risk Management Program Guidance for Offsite Consequence Analysis”
published guidance, BLEVESs are generally considered unlikely events and were therefore
not considered a probable event for the Offsite Consequence Analysis.

« Vapor Cloud Explosion. For a vapor cloud explosion to occur, rapid release of a large
quantity, turbulent conditions (caused by a turbulent release or congested conditions in
the area of the release, or both), and other factors are generally necessary. The endpoint
for vapor cloud explosions is 1 psi.

« Jet Fire. This may result from the puncture or rupture of a tank or pipeline containing a
compressed or liquefied gas under pressure. The gas discharging from the hole can form
a jet that "blows" into the air in the direction away from the hole; the jet then may ignite.
Jet fires could contribute to BLEVEs and fireballs if they impinge on tanks of flammable
substances. A large horizontal jet fire may have the potential to pose an offsite hazard.

For the flammable worst-case release scenario, a vapor cloud explosion was the most appropriate
consequence.

4.3 Endpoints

As mentioned previously, for flammable materials, the endpoints specified by the EPA RMP are:
e Overpressure of 1 pound per square inch (psi) for vapor cloud explosions
« Radiant heat of 5 kilowatts per square meter (kW/m?) for jet fires
o Lower flammability limit (LFL) for flash fires

The rule specifies endpoints for fires based on the heat radiation level that may cause second
degree burns from a 40-second exposure and the LFL, which is the lowest concentration in air at
which a substance will burn. For a vapor cloud explosion, the endpoint is 1 psi, which is the force
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to cause partial demolition of houses with potential serious injuries to people, or shattering glass
windows with potential skin laceration from flying glass.

4.4 Modeling Assumptions

The EPA RMP regulation imposes several assumptions that were adhered to when performing
the offsite consequence analysis of the worst-case release scenario®. These are conservative
assumptions for weather and release conditions. The distance to the endpoint estimated under
worst-case conditions provides an estimate for the maximum possible area that might be affected
by these unlikely conditions. It should be noted that EPA’s intention for the vulnerability zone
representing a worst-case release scenario is to provide a basis for discussion among the
regulated industry, emergency responders, and the public, rather than a basis for any specific
actions.

* Meteorological Parameters: For the worst-case release analysis, RMP*Comp uses the
following assumptions. It should be noted that meteorological conditions could have little
effect on some scenarios for flammable substances (e.g., vapor cloud explosions).

o  Atmospheric stability: F stability (very stable conditions)
o Wind speed: 1.5 meters/second
o  Ambient Temperature: 77 °F

o Relative Humidity: The typical relative humidity at the stationary source, which is
50%

o Dispersion & Impact Modeling Parameters:
o  Height of Release: Ground level, per EPA Rule requirement

o Vapor Cloud Explosion Impact: A TNT-equivalent model has been used assuming
that 10 percent of the energy in the cloud would contribute to the explosion

» Mitigation Systems: Once a release has occurred, mitigation systems are means
(structures, equipment, or activities) that help minimize the transport of material to the
atmosphere. Mitigation systems can be characterized as passive or active systems.

o  Passive mitigation systems do not require activation, an energy source, or
movement of components to perform their intended function
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o  Active mitigation systems do require activation, an energy source, and/or movement
of components to perform their intended function

It should be emphasized that the effectiveness of mitigation systems was taken into account when
these systems were considered in the offsite consequence analysis. The effectiveness is
determined based on how well the systems are designed and their abilities to respond reliably
upon demand. The rule permits consideration of only passive mitigation systems for the worst-
case release analysis provided that the systems are capable of withstanding the event triggering
the release scenario and would still function as intended. For the worst-case release scenario,
no passive mitigation measures were considered in the offsite consequence analysis.

4.5 Worst-Case Release Scenario

One worst-case scenario (WCS) was developed for the facility. For the worst-case release
scenario, one of the new 10,000 gallon storage vessels containing isopentane at the Ormat —
Heber 2 Geothermal Complex Facility was considered. The storage vessel is capable of storing
a maximum of 10,000 gallons of isopentane. According to the Chevron Philips Chemical Company
safety data sheet, the density of isopentane is 5.14 Ibs/gal, which yields a total mass of 51,400
pounds of isopentane held in the storage vessel. The worst case scenario considers the
catastrophic failure of one of the 10,000 gallon isopentane storage vessels, which would result in
a release of the entire contents of the vessel. All dispersion modeling parameters utilized in the
worst-case release scenario modeling is listed in Table 2 below. A summary of the scenario is
presented in Table 3. Appendix A of this report provides a detailed description of the worst-case
release scenario, RMP*Comp modeling output, MARPLOT 5.1.11°! output with 2010 population
estimates, and a map with the vulnerability zone denoted by a circle superimposed on the map.

Table 2: Worst Case Release Scenario Dispersion Modeling Parameters

PARAMETER INPUT VALUE NOTES

Isopentane Input Parameters

Mass Released 51,400 Ibs Calculations shown in Appendix A.

Meteorological Parameters
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PARAMETER INPUT VALUE NOTES
As per 40 CFR §68.22 (b), “For the worst-
Atmospheric Stability F stability case release analysis, the owner or
operator shall use a wind speed of 1.5
meters per second and F atmospheric
Wind Speed 1.5 m/s stability class”
. As per 40 CFR §68.22 (c), “An owner or
Ambient Temperature 77°F . .
operator using the RMP Offsite
Consequence Analysis Guidance may use
Relative Humidity 50% 25 °C and 50 percent humidity as values for

these variables”

Dispersion and Impact Modeling Parameters

Height of Release Ground level
Topography is not applicable to releases of
flammable substances as it does not affect
Topography N/A .
the radius impacted by a vapor cloud
explosion.
Isopentane Mitigation System
Passive Mitigation None
Active Mitigation None
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Table 3: Worst-Case Scenario Results Summary

REGULATED ENDPOINT
RELEASE SCENARIO ENDPOINT
SUBSTANCE DISTANCE
WCS: 10,000 gallon Isopentane Overpressure of ]
Isopentane ] 0.3 miles
Storage Vessel Rupture/Release 1 psi

4.6 Worst-Case Analysis Considerations

The worst-case distances to the flammable endpoints are based on a number of very conservative
assumptions. The following summarizes the assumptions:

e The likelihood of a vessel rupture is extremely low. As a result, the release of entire
inventory of a vessel is an unrealistic assumption.

e An overpressure of 1 psi is unlikely to have serious direct effects on people. This
overpressure may cause property damage such as partial demolition of houses, which
can result in injuries to people, and shattering of glass windows, which may cause skin
laceration from flying glass.

5.0 ALTERNATIVE RELEASE SCENARIO

Alternative scenarios are potential releases that may result in consequences whose footprints
represented by the endpoints could extend beyond the plant boundary. For a release case to be
considered an alternative scenario, two conditions must be met:
1. The likelihood of the alternative release scenarios should be higher than that of the worst-
case release scenarios.
2. The distance to endpoint from an alternative release scenario must go beyond the plant
fence line.
As put forth in Title 40 CFR Section 68.28(a):

The owner or operator shall identify and analyze...at least one alternative release scenario
to represent all flammable substances held in a covered process
Title 40 CFR Section 68.28 (b)(2) defines the scenarios typically considered, but not limited to,
the following:
(i) Transfer hose releases due to splits or sudden hose uncoupling;
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(ii) Process piping releases from failures at flanges, joints, welds, valves and valve seals,
and drains or bleeds

(iii) Process vessel or pump release due to cracks, seal failure, or drain, bleed, or plug
failure; and

(iv) Vessel overfilling and spill, or over pressurization and venting through relief valves or
rupture disks.

(v) Shipping container mishandling and breakage or puncturing leading to a spill.

For alternative release scenarios, active mitigation systems, such as interlocks, shutdown

systems, pressure relieving devices, flares, emergency isolation systems, and fire water and

deluge systems, as well as passive mitigation systems are considered, if they were applicable. In

order to be credited, the mitigation systems considered must be capable of withstanding the event

that triggers the release while remaining functional.

5.1 Alternative Release Scenario Selection Process

The process of alternative release scenario identification is summarized as follows and depicted

in Figure 3.

Selection of Candidate Alternative Release Scenario: The process of alternative
release scenario identification was initiated with the review of the worst-case release case.
Additional vessels, containing various quantities of regulated substances, which
considered having a higher likelihood of release, were then reviewed. In this process, all
covered processes were reviewed and the candidate case for the alternative release
scenario analysis was subsequently selected. The following criteria was utilized to identify
the potential scenario:

o Corrosion history and corrosive services

o Pastincidents and near misses

o Potential equipment failure

o Operating conditions

o Potential for human error

o Consequences considered in the unit Process Hazard Analysis
Analysis of the Selected Alternative Release Scenario: Once the candidate scenario
was selected, RMP*Comp was utilized to model the selected scenario. The vulnerability
zone resulting from the analysis of the alternative release scenario was then reviewed.
The size of release, which was estimated from a hole in the shaft seal on a vertical pump,
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was calculated for this scenario. The release duration was primarily based on the length
of time needed for operators to stop the release. In general, 10 minutes is a reasonable
response time to stop the release based on the presence of monitoring equipment in the
vicinity which notify operators of any substantial releases

» Alternative Release Scenario. The alternative release scenario for the flammable
substance was selected and modeled to evaluate potential offsite impacts.
Documentation of this scenario included modeling calculations, parameters and

assumptions.

Criteria

Corrosion History and Corrosive Surfaces, Past Incidents and Near Misses, Potential
Equipment Failure, Operating Conditions, Potential Human Error, Scenarios Considered in
the Process Hazard Analysis.

Select Alternative Release Scenario

Review process and facility characteristics to develop the candidate for an Alternative
Release Scenario.

Modeling of Alternative Release Scenario

'4'

Model potential release dispersion for the selected Alternative Release Scenario.

Alternative Release Scenario Analysis

|¢

Present final results and modeling assumptions.

Figure 3: Alternative Release Scenario Selection Process
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5.2 Modeling Assumptions

The EPA RMP regulation does not impose any mandatory assumptions for the OCA of the
alternative release scenario. All dispersion modeling parameters utilized in the alternative release
scenario modeling are listed in Table 4. For the alternative release scenario, a release due to a
break in the product transfer hose connection during truck loading has been considered.
Appendix B of this report provides a detailed description of the worst-case release scenario,
RMP*Comp modeling output, MARPLOT 5.1.1 output with 2010 population estimates, and a map
with the vulnerability zone denoted by a circle superimposed on the map.

Table 4: Alternative Release Scenario Dispersion Modeling Parameters

Parameter Input Value Notes

Isopentane Input Parameters

The most likely alternative release scenario
involves the uncoupling of a transfer hose

Quantity Released e during truck loading operations.

Calculations shown in Appendix B.

Release Rate 3,873.3 Ibs/min | Calculations shown in Appendix B.

The reasonable, assumed response time
Release Duration 10 mins operators require to stop and isolate the

leak.

Meteorological Parameters

Atmospheric Stability D stability As per EPA RMP Offsite Consequence

Analysis Guidance, for an alternative

scenario, “this guidance assumes wind
Wind Speed 3.0m/s speed of 3 meters per second and D
stability”

Ambient Temperature 77°F
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Parameter Input Value Notes

As per EPA RMP Offsite Consequence
_ - Analysis Guidance, for an alternative

Relative Humidity 50% ] ) _
scenario, “this guidance assumes 25°C and

50 percent humidity”

Dispersion and Impact Modeling Parameters

As per EPA RMP Offsite Consequence

Analysis Guidance, for an alternative

Height of Release Ground Level ] ) J
scenario, “this guidance assumes a ground-
level release”
Topography is not applicable to releases of
flammable substances as it does not affect
Topography N/A

the radius impacted by a vapor cloud

explosion.

Isopentane Mitigation System

Passive Mitigation None

Active Mitigation None

5.3 Alternative Release Scenario

A summary of the alternative release scenario is presented in Table 5. Appendix B of this report
provides a detailed description of the alternative release scenarios, RMP*Comp modeling outputs,
MARPLOT 5.1.1 outputs with 2010 population estimates, and a map with circles representing the
vulnerability zones.
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Table &6: Alternative Release Scenario Result Summary

REGULATED ENDPOINT
RELEASE SCENARIOQ ENDPOINT

SUBSTANCE DISTANCE

ARS: Transfer Hose uncoupling from

10,000 gallon Isopentane Storage Overpressure )

X Isopentane ] 0.1 miles
Vessel during Truck Loading of 1 psi
Operations

5.4 Alternative Release Analysis Considerations

Typically, the same conservative assumptions apply for the alternative release analysis as for the
worst-case release analysis. Although the alternative release scenario is intended to be more
likely than the worst-case release scenario, the analysis of the alternative release scenario should
not be expected to provide a realistic estimate of an area in which off-site impact may occur. The
same conservative endpoints have been used for both the worst-case and the alternative release
analysis. These endpoints are intended to represent exposure levels below which most members

of the public will not experience serious long-term health effects.

6.0 OFFSITE IMPACTS

A summary of the off-site impacts from an accidental release, including population and sensitive

receptors, is discussed in the following sub-sections.

6.1 Impacted Population

In order to determine the impacted population around the facility, the potential for exposure within
the endpoint was determined. The furthest endpoint distances reached by the worst-case
scenario and alternative release scenario along with the estimated impacted population are

summarized in Table 8:
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Table 6: Impacted Population for OCA Scenarios

ENDPOINT ESTIMATED
SCENARIO DISTANCE IMPACTED

{MILES) POPULATION

WCS: 10,000 gallon Isopentane Storage Vessel

0.3 0
Rupture/Release
ARS: Transfer Hose uncoupling from 10,000 gallon
Isopentane Storage Vessel during Truck Loading 0.1 0

Operations

The population was estimated using 2010 census tract data with the MARPLOT 5.1.1 software.
When calculating population densities for large areas that encompass many tracts, the accuracy
is rated as good; however, for small areas that encompass only two or three partial tracts, the
population data may be skewed due to the unequal distribution within the tract. The use of
MARPLOT 5.1.1 is pursuant to guidance endorsed by the US EPA. MARPLOT 5.1.1 requires
the latitude and longitude of the facility in order to calculate the population. The latitude and
longitude were estimated using Google Earth GPS®! software and an aerial photo.

6.2 Offsite Sensitive Receptor Data Sources

Table 9 includes a list of websites and software used to locate offsite sensitive receptors. A few
sites will perform a distance search in order to determine the eligibility of a possible receptor. For
all other sites, a map interpolation determines whether the receptor falls within the circle of

concern.

Table 7: Websites and Software Used

RECEPTORS THIS SOURCE IS USED METHOD OF DETERMINING
SOURCE

TO IDENTIFY ELIGIBILITY

maps.google.com!’] Used to identify all receptors Distance search in
conjunction with a map

interpolation

Google Earth This mapping software is used to Software will map the

locate all receptors. It also location of the receptor.
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incorporates an internet search with

the map to locate businesses.

6.3 Offsite Sensitive Receptors

RMP requirements state that sensitive populations such as schools, hospitals, day-care centers,
long-term health care facilities, prisons, residential areas, public use parks/recreational areas,
and major commerecial facilities, located within the “at risk” area must be identified. These sensitive
populations include individuals who could not remove themselves from the exposure area without
assistance. The sensitive populations also include industrial installations which may have a
hazardous process that cannot be immediately left unattended. Table 8 shows a summary of
offsite population receptors and offsite environmental receptors for isopentane, within the circle

of concern as determined by the worst-case and alternative release scenarios.

Table 8: Summary of Sensitive and Environmental Receptors

WCS ARS
RECEPTOR
(0.3 M1 (0.1 M)
Population Receptors

Schools No No
Residences No No
Hospitals No No
Prisons/Correction Facilities No No
Recreation Areas No No
Major Commercial, Office, or Industrial Areas No No
Child Daycare No No
Long-term Health Care (e.g., convalescent homes) No No
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WCS ARS
RECEPTOR

(0.3 MI) (0.1 M1

Other (Government Buildings) No No

Environmental Receptors

National or State Parks, Forests, or Monuments No No

Officially Designated Wildlife Sanctuaries, Preserves, or

No No
Refuges
Federal Wilderness Areas No No
Other (Landmark & Indian Reservations) No No
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7.0 WORST-CASE RELEASE AND ALTERNATIVE RELEASE SCENARIOS

The following sections outlines a summary of the parameters used for the one worst case release

scenario and the one alternative release scenario analyzed for the Heber 2 expansion project.

7.1 Worst-Case Scenario

The worst-case scenario evaluated the release of the entire contents of one of the new 10,000
gallon isopentane storage vessels, containing 51,400 pounds of isopentane. The following table
provides a summary of the parameters used for the worst-case scenario and the corresponding
inputs.

Table 9: Worst-Case Scenario Parameter/Input Summary

Worst-Case Scenario

Chemical Isopentane

Model Used EPA’s RMP*Comp™
Scenario Vapor Cloud Explosion
Quantity Released (Ibs) 51,400 lbs

Endpoint Used Overpressure of 1 psi
Distance to Endpoint (miles) 0.3

Estimated Residential Population within Distance to Endpoint | O
(numbers)

Public Receptors within Distance to Endpoint

Schools No
Residences No
Hospitals No
Prison/Correctional Facilities No
Recreational Areas No
Major Commercial, Office, or Industrial Areas No

Prepared by: Risk Management Professionals = July 2019, Rev. 0 “



Ormat — Heber 2 Geothermal Complex Hazard Assessment

Worst-Case Scenario

Other Local Roads/Highways and
Agricuitural Land

Environmental Receptors within Distance to Endpoint

National or State Parks, Forests, or Monuments No

Officially Designated Wildlife Sanctuaries, Preserves or | No

Refuges
Federal Wilderness Area No
Other No

Passive Mitigation Considered

Blast Walls No

Other No

7.2 Alternative Release Scenario

It was determined that a release due to a break in the isopentane transfer hose connection during
truck loading, was the most likely release scenario due to human factors associated with manned
transfer operations, as well as reliability issues in industry related to hose degradation and
coupling failures. The following table provides a summary of the parameters that were used for
alternative release scenario and the corresponding inputs.

Table 10: Worst-Case Scenario Parameter/Input Summary

Alternative Release Scenario

Chemical Isopentane

Model Used EPA’'s RMP*Comp™
Scenario Vapor Cloud Explosion
Quantity Released (lbs) 38,733

Endpoint Used 1 psi

Distance to Endpoint (miles) 0.1
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Alternative Release Scenario

Estimated Residential Population within Distance to Endpoint | 0
(numbers)

Public Receptors within Distance to Endpoint

Schools No
Residences No
Hospitals No
Prison/Correctional Facilities No
Recreational Areas No
Major Commercial, Office, or Industrial Areas No
Other Local Roads/Highways

and Agricultural Land

Environmental Receptors within Distance to Endpoint

National or State Parks, Forests, or Monuments No

Officially Designated Wildlife Sanctuaries, Preserves or | No

Refuges
Federal Wilderness Area No
Other No

Passive Mitigation Considered

Blast Walls No

Other No

Active Mitigation Considered

Sprinkler Systems No
Deluge Systems No
Water Curtain No
Excess Flow Valve No
Other No
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Alternative Release Scenario

8.0 FIVE YEAR ACCIDENT HISTORY

There have been no applicable CalARP/RMP/PSM releases of isopentane at the facility within
the last five years, therefore, this section is not applicable.

9.0 REFERENCES

1. Code of Federal Regulations (CFR), Title 40, Chapter I, Subchapter C, Part 68, Subpart
B, Sections 68.20 to 68.42, “Hazard Assessment’; 2015, January 1.

2. California Code of Regulations (CCR), Title 19, Division 2, Chapter 4.5, Article 4,
Sections 2750.1 to 2750.9, “Hazard Assessment”; 2015, January 1.

3. RMP*Comp™ Version 2.01, U.S. Environmental Protection Agency, February 2012.
https://cdxnodengn.epa.gov/cdx-rmp-maintain/action/rmp-comp.

4, Risk Management Program Guidance for Offsite Consequence Analysis, U.S.
Environmental Protection Agency, March 2009.

5. MARPLOT® 5.1.1 Mapping Software (internet download), National Oceanic and
Atmospheric  Administration and U.S. Environmental Protection Agency.
http://www.epa.gov/osweroe1/content/cameo/marplot.htm. October 2015

6. Google ™ Earth, version 7.3.2.5776, Google, Inc. (2019)
7. Google ™ Maps, Google, Inc. (2019)
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APPENDIX A
WORST-CASE SCENARIO CALCULATIONS

Prepared by: Risk Management Professionals = July 2019, Rev. 0



Ormat = Heber 2 Geothermal Complex Hazard Assessment

WORST-CASE SCENARIO (WCS)

The selected worst-case release scenario analyzes the hypothetical rupture of the 10,000 gallon

isopentane vessel 3 introduced as part of the Heber 2 facility's expansion project. The vessel
being analyzed can store up to 51,400 pounds of isopentane. Additionally, this vessel is located
closest to the residential neighborhood northeast of the plant, and therefore the vessel with the
largest potential to impact the community. Per requirement of the EPA rule for flammable
substances, it was assumed that the whole quantity is instantaneously released.

The scenario also assumes that the cloud is ignited with a delay, under which the impact is higher
than an immediate ignition. The delayed ignition would allow the air to get entrained in the cloud
and form a larger and well-mixed explosive vapor cloud. If this vapor cloud ignited, the resultant
blast could generate overpressure damage. A TNT-equivalent model has been used assuming
that 10 percent of the energy in the cloud would contribute to the explosion, as required by the
EPA Rule.

The RMP*Comp Model calculation predicts that the area impacted by the endpoint, which is an
overpressure of 1 psi, is a circle with approximately 0.3 mile radius. According to MARPLOT 5.1.1
using 2010 census data, there are 0 residents in 0 housing units within this vulnerability zone for
all three vessels and thus only one is shown below for representation. The table and figures on
the following pages illustrate the scenario modeling parameter summary, scenario circle for the
release, the RMP*Comp modeling output, as well as the MARPLOT results.
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Table 11: WCS Modeling Parameters

WCS Modeling Parameters

Regulated Substance

Isopentane

Vessel

Isopentane Storage Vessel

Latitude / Longitude

32°42'51.56"N / 1156°32'10.43"W

Physical State

Liquefied Gas Under Pressure

Basis Of Results

RMP*Comp Version 1.07

Scenario

Vapor Cloud Explosion

Quantity Released

51,400 Pounds

Release Rate

Instantaneous

Release Duration

Instantaneous

Wind Speed & Stability Class

1.5 m/s & F Stability

Topography

N/A

Distance to Endpoint

0.3 Miles to 1 psi Overpressure

Public & Environmental Receptors

0 Residents, 0 Housing Units

Passive Mitigation Considered

None

Prepared by: Risk Management Professionals — July 2019, Rev. 0



Ormat — Heber 2 Geothermal Complex Hazard Assessment

Figure 4: WCS EPA RMP*Comp Modeling Results

) Estimated distance to 1 psi overpressure: 0.3 miles (0.5 kilometers)

This is the distanca to the overprassurs endpoint of 1 pound per square inch spacified for this regulzted substance under
the RMF Rule.

Scoenario Sammary

Chemical: |sopentane [Butane, 2-methyl-]
CAS number: 73-78-4
Threat type: Flammable Liquid
Scenario type: Worst-case
Quantity released: 51400 pounds
Release type: vapor Cloud Explosion
Liquid temperature: 77 F

Mitigation measures: NONE
Release rate to outside air: 7560 pounds per minute
Quantity evaporated in 10 minutes: $7400.0 pounds
Assumptions about this scenario

Wind speed: 1.5 meters/second (3.4 miles hour)
Stability class: F
Air temperature: 77 degrees F (25 degrees C)
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APPENDIX B
ALTERNATIVE SCENARIO CALCULATIONS
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ALTERNATIVE RELEASE SCENARIO (ARS)

The selected alternative release scenario is a release due to a break in the product (isopentane)

transfer hose connection during truck loading. This was considered the most likely release
scenario due to human factors associated with manned transfer operations, as well as reliability
issues in industry related to hose degradation and coupling failures. It is assumed that the transfer
hose uncouples during isopentane transfer operations and that it is released through an area of
12.6 square inches. The release duration is assumed to be 10 minutes, which is a conservative
assumption considering both the facility operator and truck drivers are in attendance during
transfer operations. In the evaluations of this alternative release scenario, no mitigation measures
were considered.

In order to calculate the release quantity for a transfer hose rupture, the release rate through the
transfer hose must be calculated. The following equation, obtained from the EPA Risk
Management Plan Guidance for Offsite Consequence Analysis, illustrates the calculation of the
release rate for flammables liquefied under pressure through a transfer hose:

QR =HA x6.82 11'72 xLH+§£2+P
DF DF %

Where:
¢ QR = Release rate (Ib/min)
* HA = Hole or puncture area (square inches)

e DF = Density Factor, dimensionless, obtained from the EPA Risk Management Plan
Guidance for Offsite Consequence Analysis

e LH = Height of liquid level above hole (inches)
e Py = Gauge pressure of the tank (psig)

To calculate the release rate utilizing the above equation, the values for each of the variables
were calculated for isopentane:
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Hole Area

The transfer hose used in isopentane filling operations at both plants is 4 inches in diameter.
Thus, the hole area is based upon the transfer hose rupturing and calculated using the following:

HA =nr? = 12.6in?

Density Factor

The Density Factors are obtained from Appendix C of the EPA Risk Management Plan Guidance
for Offsite Consequence Analysis. The Density Factor value for isopentane is 0.79.

Liquid Height
The height of the liquid level above the hole is determined by the nominal liquid level in the vessel.

The isopentane transfer point is taken to be at the bottom of the tank. Assuming that the
isopentane storage vessel is full of liquid, the liquid height is 60 inches.

Pressure

The normal operating pressure of the isopentane motive fluid storage tank was identified to be 60
psig.

Modeling

Using these values, the release rate of 3873.3 lbs/min of isopentane is determined. Over the
assumed 10 minute release period, this result in a total of 38,733 Ibs of isopentane releasing that
could potentially form a vapor cloud with the possibility of detonation.

The RMP*Comp Model calculation predicts that the area impacted by the endpoint, which is
overpressure of 1 psi, is a circle with approximately a 0.10 mile radius. According to MARPLOT
5.1.1 using 2010 census data, there are 0 residents in 0 housing units within this vulnerability
zone. This analysis was performed on the isopentane vessel 3 which is located closest to the
residential neighborhood northeast of the plant, and therefore the vessel with the largest potential
to impact the community. The table and figures on the following pages illustrate the scenario
modeling parameter summary, scenario circle for the release, the RMP*Comp modeling output,
as well as the MARPLOT results.
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Table 12: ARS Modeling Parameters

ARS Modeling Parameters

Regulated Substance

Isopentane

Vessel Isopentane Storage Vessel
Unit & Location Isopentane Tank
Latitude / Longitude 32°42'51.56"N / 115°32'10.43"W

Physical State

Liquefied Gas Under Pressure

Basis Of Results

RMP*Comp Version 1.07

Scenario

Vapor Cloud Explosion

Quantity Released

38,733 pounds

Release Rate

3873.3 Ibs/min

Release Duration

10 minutes

Wind Speed & Stability Class

3 m/s & D Stabiltiy

Topography

N/A

Distance To Endpoint

0.1 Miles to 1 psi Overpressure

Public & Environmental Receptors

0 Residents, 0 Housing Units

Passive Mitigation Considered

None
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Figure 6: ARS EPA RMP*Comp Modeling Results

§) Estimated distance to lower flammability limit: <0.7 miles (<0.15 kilematars)

This is the distance to the loawer flamrmability limit specified for this regulated substance under the RMP Rule.

R T R T
Chemical: |sopentane [Sutane, 2-mathyl-]
CAS number: 75-75-4
Threat type: Flzmmzble Liquid
Scenario type: Aliernztive
Release duration: 10 minutes
Release type: vagor Cloud Fire
Release rate: 3573 gounds per min
Liquid temperature: 77

Mitigation measures: NONE

Release rate to outside air- 3370 pounds per minute
Surrounding terrain type: Urban surroundings (many absizcles in the immadiate area)
Lower flammability limit 47 mg,/L
Assumptions about this scenario
Wind speed: 3 meters second (6.7 miles: hour)
Swability class: D
Air temperature: 77 degrees F (25 degrees C)
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IMPERIAL COUNTY
PLANNING & DEVELOPMENT SERVICES DEPARTMENT

Reclamation Plan Application

OWNER, OPERATOR AND AGENT:

1. Applicant (Name, Mailing Address and Telephone Number):
Second Imperial Geothermal Company

a wholly owned subsidiary of ORMAT Nevada, Inc.
6140 Plumas Street

Reno, Nevada 89519

(775) 356-9029

2. Property Owner (s), or owner of Surface Rights (Name, Mailing Address and Telephone

Number): [if different from applicant]
See 1.

3. Owner of Mineral Rights (Name, Mailing Address and Telephone Number): [if different

than applicant]
See 1.

5. Lessee (Name, Mailing Address and Telephone Number):
See 1.

6. Operator (Name, Mailing Address and Telephone Number): [if different than applicant]
See 1.

MAINQEFICE; 801 Main Steet [ElGentro, CA 92248 (760) 4624286 FAX: (760) 3588338 EMAIL: elandina(@liperislcountun
EGON: DEV OFFICE: 835 MalnStisal E{Gentro, GA 92243 (76048249001 FAX: (760)837-8007

1



7. Agent of Process (Name, Mailing Address and Telephone Number):
Melissa Wendt

Director, I-Droject Development
6140 Plumas Street

Reno, Nevada 89519

(775) 356-9029

LOCATION:

8. Legal Description: (must be full legal)
855 Dogwood Road, Heber, CA (APN 054-250-031)
Tract 44, Township 16 South, Range 14 East, SBB&M

Assessor Parcel No.: 054-250-031
Longitude: 115°32'15.1W
Latitude: 32042'52.2N
Elevation: near zero

9. Size of the land(s) that will be affected by mining operation. Total acreage:
Heber 2 site is approximately 40 acres.

Describe existing and proposed access to the mine site: (please be specific)
10.  Via existing ingress/egress. Primary highway access igrovided via
Interstate-8. Dogwood Road stems off of |-8 and provides immediate
access to the site.

GEOLOGICAL BACKGROUND:

11. Mineral commodity to be minded:
Geothermal fluids. However, no new wells are proposed.

MAIN OFFICE: 801 Main Streat  El Centro, CA 82243 (760) 4824236 FAX: (760) 353-8338 E-MAIL: planning@imperialcounty.net
ECON. DEV. OFFICE: 836 Main Street El Centro, CA 92243 (760) 462-4800 FAX: (760) 337-8907




12.

13.

14.

General Geological description of the area: _
The site is located within the Piliocene to Holocene, Q Geologic Unit.

The Colorado Desert geomorphic province spans central Imperial
County, where the site is located, often referred to as the Salton
Trough. Low-lying barren desert located between alluvium-covered,
active branches of the San Andreas Fault

Detailed description of the geology of the actual site in which surface mining is to be
conducted:
Site is underlain by Cenozoic sedimentary rocks and alluvial, lacustrine,

and eolian deposits. Surface sediments are about 275 feet below sea level.
The site contains Holtville silty clays (wet) and Imperial-Glenbar silty clay
loams (wet).

Brief description of the environmental setting of the site and the surrounding areas.
Existing land uses, soil, vegetation, ground water elevation and surface water
characteristics.

The site is completly devoid of any vegetation or water resources. Dry lean

silty clays dominate the site, extending 4-5 ft. below the surface.
The site is comprised of a graded, developed area that consists of exposed
soils and gravel. Site within the active geothermal power plant area.

MINING OPERATION AND PRODUCTION:

St

16.

Plant in production since 1992
30 years, 2019-2049
2049

Proposed starting date of operation:

Estimated life of operation:

Termination Date;

Duration of first phase:
Second phase:

Third phase:

Fourth phase:

Operation will be (include days and hours of operation):

Continuous: Plant operates 24 hour per day, 7 days per week

Intermittent:

Seasonal:

MAIN OFFICE: 801 Main Street  El Centro, CA 92243 (760) 4624236 FAX: (760) 353-8338 E-MAIL: plannina@imperialcounty net
ECON. DEV. OFFICE: 836 Main Street El Centro, CA 92243 (760) 4824900 FAX: (760) 337-8907




17. Maximum anticipated annual production (Tons or Cubic Yards):

N/A

18. Total anticipated production:

Minerals: N/A cubic yards/tons
Tailings retained on site: cubic yards/tons 0
Tailings disposed off site: cubic yards/tons 0

Maximum anticipated depth (indicate on map location of benchmarks to verify mine
depth):
N/A - Project does not propose drilling or extraction.

19. Describe mining method:
N/A - no mining is proposed as part of the Project.

20. Describe nature of processing and explain disposal of tailings or waste.
N/A - no tailings will be processed as part of the Project.

21. Do you plan to use cyanide or other toxic materials in your operations?
Three additional above ground storage tanks will be used for isopentane
._storage Site will include two 10,000 gallon tanks and three 10,000 gallon
tanks.

Do you plan to use or store petroleum products or other hazardous materials on the
site?
Yes.

Describe refueling and maintenance of vehicles. . e _
Construction equipment will be fueled on-site, as necessary. Fuel will be limited to diesel and

gasoline, to fuel heavy and light equipment. Repairs to construction equipment will
be performed on-site by certified mechanics. Spill prevention BMPs and safe
handling techniques will be employed throughout the construction phase.

MAIN OFFICE: 801 Main Street El Centro, CA 92243 (760) 4824236 FAX: (760) 353-8338 E-MAIL: planning@imperialcounty net
ECON. DEV. OFFICE; 836 Main Street El Centro, CA 92243 (760) 4824900 FAX: (760) 337-8907




22.

23.

24.

25.

Indicate the quantity of water to be used, source of water, method of conveyance to the
mine site, the quantity, quality and method of disposal of used and/or surplus water.
Indicate if water well to be used for mine operation (drilling, reactivation, changing use or
increasing volume of water well may require Conditional Use Permit approval).

No additional water will be required to support the proposed facilities.

Water will be used for dust suppression during ground disturbing

activities. A 5,000 gallon water truck is expected to be used.

Approximately 20,000 gallons of water are expected to be used. The

existing Heber 2 facility will provide the water via existing permits.

Describe phases of mining if applicable and concurrent reclamation including time

schedule for concurrent activities. _
No mining is proposed as part of the Project. Site reclamation would be

performed at the end of the facilities' lifecycle (30 years).

Describe the types of equipment that will be used in the operation, inciuding the
estimated average daily trips (ADT) that will be generated by the operation.
Backhoes, excavators, heavy trucks, light vehicles, compactors, hand

tools, welding equipment, water truck, crane.

Include the following maps: (NOTE: Without these the application is automatically
incomplete.)

(1) Topographic Map with overlay showing proposed area to be mined.
(2) Site Plan showing mine layout and dimensions.
(3) General Vicinity Map showing the location of the mine site in Imperial County.

(4) Cross Section Map. (N/A - no subsurface activities proposed.)

RECLAMATION:

26.

Indicate by overlay of map of Item No. 24, or by color or symbol on map those areas to
be covered by the reclamation plan:

Total acreage: 39-99 acres
APN 054-250-031

MAIN OFFICE: 801 Main Street El Centro, CA 92243 (760) 4824236 FAX: (760) 353-8338 E-MAIL: planning@imperialcounty net
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27. Describe the ultimate physical condition of the site and specify the proposed use (s) or
potential uses of the land after reclamation. Explain if utilities, haul or access roads will
be removed or reclaimed.

The site is within a developed area used for geothermal energy

generation. The site is completely devoid of any vegetation or
water resources. The site consists of exposed soils and gravel.
The site would likely be returned to a natural state or
agricultural production after geothermal energy production has
concluded. No roads would be developed for the Project and

_access will be provided via existing roads.

28. Describe relationship of the interim uses than mining and the ultimate physical condition
to:

(a) Imperial County Zoning Ordinance

(b) Imperial County General Plan
The site is zoned as A-2-G-SPA and is within the Geothermal Overlay Zone,

which allows for major geothermal energy projects. The proposed facilities
and uses are consistent with the Imperial County Zoning Ordinance and
General Plan.

29. Notarized statement that all owners of the possessory interest in the land have been
notified of the proposed uses or potential uses identified in Item No. 25 (see Attachment
HA”).
N/A - The site owner is the applicant pRMA-B and no other parties have an
interest on the subject property.

30. Describe soil conditions and proposed topsoil salvage plan.
The site's soils are comprised of silty clays and loams. The site is arid and

presently devoid of any vegetation or water resources. The site's topsoil is
low quality. Approximately 18 inches of topsoil will be excavated from the
2.5 acre development site and piled. After gravel is deposited and
compacted, the piled topsoil will be used as backfill material.

MAIN OFFICE: 801 Main Street  El Centro, CA 92243 (760) 4824236 FAX: (760) 353-8338 E-MAIL: planning@imperialcounty net
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31.

32.

33.

Describe the methods, their sequence and timing, to be used in bringing the reclamation
of the land to its end state. Indicate on map (Items Nos. 24 and 25) or on diagrams as
necessary. Include discussion of the pertinent items listed below.

(@)

(b)
(€)
(d)
(e)
(f)

(9)
(h)
(i)

Backfilling and grading

Stabilization of slopes

Stabilization of permanent waste dumps, tailings, etc.

Rehabilitation of pre-mining drainage

Removal, disposal or utilization of residual equipment, structure, refuse, etc.

Control and disposal of contaminants, especially with regard to surface runoff and
ground water

Treatment of streambeds and streambanks to control erosion and sedimentation
Removal or minimization of residual hazards

Resoiling, revegetation with evidence that selected plants can survive given the
site’s topography, soil and climate:

See Attachment D (Revegetation Plan)

If applicant has selected a short term phasing of his reclamation, describe in detail the
specific reclamation to be accomplished during the first phase:
All reclamation activities would occur at the conclusion of the facilities'

lifecycle (2049).

Describe how reclamation of this site in this manner may affect future mining at this site

and in the surrounding area: s _
Reclamation of the site would remove all facilities from the entire Heber 2

site. Reclamation activities would likely return the land to a natural state

or agricultural production. These activities would not affect any future

mining or geothermal operations on the site or in the vicinity.

MAIN OFFICE: 801 Main Street El Centro, CA 92243 (760) 4624236 FAX: (760) 353-8338 E-MAIL: planning@imperialcounty net
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34. Notarized statement that the person submitting the plan accepts responsibility for

reclaiming the mined lands in accordance with the Reclamation Plan (Attachment “B”):
Attached.

35. Include Reclamation Cost Calculations as Attachment “C”:
Attached.

36. Describe proposed Revegetation Plan (attach as “Attachment D" if necessary):
The entire Heber 2 site would be dismantled and removed. All wells would

abandoned per DOGGR requirements. Once free of facilities, the site
would be disced and seeded with a native mix, per Imperial County's

recommendation. See Attachment D.

MAINOFFICE: 801 Main Slreet  ElCentio, CA 82243 cza‘ei:amaa- FAX: (760)356-5338 E-MAIL; clacning@
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ATTACHMENT “A”

STATEMENT OF NOFICATION

I, the undersigned, have notified all owners of the possessory interest in the land of the
proposed use (s) or potential uses identified in ltem No. 26 of the Reclamation Plan.

Signed this day
of , 2005.

Operator or Operator's Agent

MAIN GFFICE: 801 Mair Street  E| Cartro, CA 92243 (760)482-4205 FAX: (760)353-8338 E-MAIL: pla
ECON. DEV. CFFICE: 538 Maln Street  EllCentro, CA 92243 (750) 4824500 FAX: (750) 337-8907




Heber 2 Repower

ATTACHMENT “B”

STATEMENT OF RESPONSIBILITY

, the undersigned, hereby agree to accept full responsibility for reclaiming all mined lands as
described and submitted herein with any modifications requested by the County of Imperial
as conditions of approval.

Signed this /27 day
of /-‘rujusq’- . 2019.

ﬂm Jiip ‘-j{é’e{” /L 23—
Operator or Operator's Agent
Connie Stechman, VP Finance
Ormat Nevada, Inc.

MAIN OFFICE: 801 Main Street El Centro, CA 92243 (760) 4824236 FAX: (760) 353-8338 E-MAIL: plannina@imperialcounty.net
ECON. DEV, OFFICE: 836 Main Street El Centro, CA 92243 (760) 482-4900 FAX: (760) 337-8907

10



ATTACHMENT “C”

RECLAMATION COST ANALYSIS

MAINOFFIGE: 801 Main Strset.  El|Centro| CA §2243 (760)452-4236 FAX: (780)353-8938 E-MAIL: glannina@imperialosiinty me
ECON! DEV. OFFICE: 986 Main Street £l Centro, CA 52243 (780)482-4900, FAX: (760)237-8507
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Reclamation Cost Estimate for Heber 2 Geothermal
Energy Complex

Date: July 31, 2019

RE: Reclamation Cost Estimate for the Heber 2 Geothermal Energy Complex

This cost estimate has been prepared for the Heber 2 Geothermal Repower Project and
provides a general estimate to perform well abandonment and site reclamation/revegetation
for the entire 40-acre Heber 2 Complex site.

Well Hole Abandonment
e Cost of Abandoning Two Injection Wells
2 wells x 200 feet! x $16.10/foot? = $6,440
Site Reclamation and Revegetation

e Cost of Reclaiming 40 acres
$10,2352 (first acre) + 219,765 ($5,635/acre? for 39 acres) = $230,000

TOTAL COST ESTIMATE: $236,440

References

! california Department of Conservation Qil, Gas, and Geothermal Resources. April 2019.
California Code of Regulations, Section 1723. Available online at:
https://www.conservation.ca.gov/index/Documents/DOGGR-SR-1%20Web%20Copy.pdf

2 New Mexico Energy, Minerals, and Natural Resources Department. 2013. Guidance for
Estimating Reclamation Costs. Available online at:
http://www.emnrd.state.nm.us/MMD/MARP/documents/MMD Part3FAGuidelines Sept2013.pdf

Reclamation estimates provided in this document were increased by 15% to account for six
years of inflation and potential contingency costs.



ATTACHMENT “D”
REVEGATION PLAN

(REVISED MARCH 25, 2005)
JH/Ih/S:forms_lists/reclamation plan aplication

MAINOFFICE: 801 Main Street  E|/Gentro, GA 92243 (780) 4524225 FAX: (750)353-8338 E-MAIL: plannina@
ECON. BEV. OFFICE: 836 MainStreat El Centro, CA 92243 (760)462-4800 FAX: (760) 337-8907
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Catalyst

ENVIRONMENTAL

Revegetation Plan for Heber 2 Geothermal Energy
Complex

Date: July 31, 2019

From: Catalyst Environmental Solutions

RE: Revegetation Plan for the Heber 2 Geothermal Repower Project
INTRODUCTION

The Second Imperial Geothermal Company (SIGC), a wholly owned subsidiary of ORMAT Nevada, Inc
(ORMAT), owns and operates the Heber 2 Geothermal Energy Complex (Heber 2). ORMAT proposes to
amend CUP No. 06-0006 to allow for the installation of two new air cooled ORMAT Energy Converters
(OECs); three additional above ground storage tanks (ABSTs); and, additional pipes to connect the
proposed facilities with the existing Heber 2 Geothermal Energy Complex (hereinafter, “Project”). All
proposed facilities would be developed within the existing Heber 2 Complex and fence line. This
application also proposes to renew the permitted life of the entire Heber 2 facility (including the Goulds
2 and Heber South geothermal energy facilities) to 30 years (2019-2049).

This Revegetation Plan has been prepared in support of the Reclamation Plan Application as part of the
CUP amendment application for the Heber 2 Geothermal Repower Project.

Project Location

The Heber 2 Complex is located on private lands owned by ORMAT in southern Imperial County (Figure
1). The proposed development would occur entirely on Assessor’s Parcel Number (APN) 054-250-031,
which is a 39.99-acre property. The address for Heber 2 is 855 Dogwood Road, Heber, CA 92249,

Reclamation, Abandonment, and Revegetation Schedule

Reclamation, abandonment, and revegetation activities would commence at the closure of the Heber 2
Geothermal Energy Complex in 2049, if the CUP amendment application is approved by Imperial County.
Activities would commence after two injection wells have been plugged and the dismantlement and
removal/disposal of the energy facilities. If necessary, reseeding would be held off until the appropriate
season (e.g. fall, spring). Activities would take approximately 6 months to complete.

Site Preparation

After all wells have been plugged and facilities are removed from the site, any soil piles or grades will be
evened out by an excavator. The site is near zero elevation and is very flat and absent of topography.
Reclamation activities will mimic the existing grade of the site and not introduce a new gradient/slope to
the area. The site will then be rolled with a soil aerator/loosener. After site reclamation, topsoil will be
transported to the site and deposited evenly across the site.



Selection of Plant Materials

The Heber 2 Complex site is completely devoid of vegetation, as the site is used for geothermal energy
generation and contains industrial equipment that should not have vegetation under/around the
facilities. See Appendix A of the CUP application for Site Photographs. The surrounding area is
dominated by agricultural production and no natural areas are in the immediate vicinity of the Project
Site. SIGC/ORMAT will reseed the entire 40-acre site with a seed mix approved by Imperial County.

Irrigation and Maintenance

Revegetation of the site will be maintained by a contractor every two weeks to conduct weeding,

watering, and removing trash/debris. The site will be irrigated by water truck as necessary to establish
the new vegetation.



4. The applicant shall provide a drainage letter that takes into account the prevention of storm
event run-off and sedimentation of damage to off-site properties and county road right-of-
way(s).

5. Dogwood Road is classified as Prime Arterial - Six (6) lanes divided, requiring one hundred
sixty four feet (164) of right of way, being eighty two (82) feet from existing centerline. It is
required that sufficient right of way be provided to meet this road classification. As directed by
Imperial County Board of Supervisors per Minute Order #6 dated 11/22/1994 per the
Imperial County Circulation Element Pian of the General Plan).

INFORMATIVE:

The following items are for informational purposes only. The Developer is responsible to determine if
the enclosed items affect the subject project.

e All solid and hazardous waste shall be disposed of in approved solid waste disposal sites in
accordance with existing County, State and Federal regulations (Per Imperial County Code of

Ordinances, Chapter 8.72).

e All on-site traffic areas shall be hard surfaced to provide all weather access for emergency
vehicles.

¢ The project may require a National Pollutant Discharge Elimination System (NPDES) permit
and Notice of Intent (NOI) from the Regional Water Quality Control Board (RWQCB) prior to
County approval of onsite grading plan (40 CFR 122.28).

e As this project proceeds through the planning and the approval process, additional comments
and/or requirements may apply as more information is received.

e A Transportation Permit may be required from road agency(s) having jurisdiction over the haul
route(s) for any hauls of heavy equipment and/or large vehicles which impose greater than
legal loads on riding surfaces, including bridges. (Per Imperial County Code of Ordinances,
Chagpter 10.12 — Overweight Vehicles and Loads).

Should you have any questions, please do not hesitate to contact this office. Thank you for the
opportunity to review and comment on this project.

Respectfully,

/ﬂi—
e b RECEIVED

John A. Gay, PE

Director of Public Works SEP 18 2018
CY/dm IMPEHIAL GUUNTY
PLANNING & DFUEI nomear CFRVICES

PAPRIVATE PROJECTS ADMIN\2) FRIVATE FROJECTS\CUR19-0017 Second Imperial Geothermal Company - Ormat (facility rofursbishment)\CUP 19-0017
(draft).doc
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Public Works works for the Public

RECEIVED

Mr. Jim Minnick, Director

- Planning & Development Services Department :,:EP; i1 A i{ﬁ i
801 Main Street |
: 'QL . El Centro, CA 92243 PERIAL GUUNTY

T _ ’{-_

~ Attention: David Black, Planner IV

S1ANNING & ﬁE\!FI APMENT SERVICES

SUBJECT: CUP 19-0017 for Second Imperial Geothermal Company / Ormat;
Located on 855 Dagwood Road, Heber, CA.
APN 054-250-031-000

Dear Mr. Minnick:

This letter is in response to your submittal received by this department on August 27, 2019 for the above
mentioned project. The applicant is requesting a facility refurbishment. equipment installation and

| removal of existing facilities.

Department staff has reviewed the package information and the following comments shall be Conditions

1.

!\)

of Approval:

Prior to the issuance of grading, building, and encroachment permits, corner record is required
to be filed with the county surveyor for monuments:

8771. (b) When monuments exist that control the location of subdivisions, tracts, boundaries,
roads, streets, or highways, or provide horizontal or vertical survey control, the monuments
shall be located and referenced by or under the direction of a licensed land surveyor or licensed
civil engineer legally authorized to practice land surveying, prior to the time when any streets,
highways, other rights-of-way, or easements are impraved, coustructed, reconstructed,
maintained, resurfaced, or relocated, and a corner record or record of survey of the references
shall be filed with the county surveyor.

Prior to Certificate of Occupancy, a second corner record is required to be filed with the county
surveyor for monuments:

8771. (¢) A permanent monument shall be rcset in the surface of the new construction or a
witness monument or monuments set to perpetuate the location if any monument could be
destroyed, damaged, covered, disturbed, or otherwise obliterated, and a corner record or record
of survey shall be filed with the county surveyor prior to the recording of a certificate of
completion for the project. Sufficient controlling monuments shall be retained or replaced in
their original positions to enable property, right-of-way and easement lines, property corners,
aud subdivision and tract boundaries to be reestablished without devious surveys necessarily
originating on monuments differing from those that currently control the area.

An encroachment permit shall be secured from the Department of Public Works for any and all
new, altered or unauthorized existing driveway(s) to access the property through surrounding
County Roads.

PAPRIVATE PROJECTS ADMING) PRIV A0 B ) b S 8 A o = P B S hermal Cotmpany - Ormat (facility refursbishment\CUP 19-0017

(dsaft) doc



150 SOUTH NINTH STREET /05 e A
7 T N\ TELEPHONE: (442) 265-1800
EL CENTRO, CA 92243-2850 /s % X\ P, (e 26511799

r* — v | B4
AIR POLLUTTON CONTRbl) DISTRICT

September 25, 2019 RECEIVED

Mr. Jim Minnick SFP 25 2019
Planning 8 Development Services Director IMPERIAL COUNTY
801 Main St. PLANNING & DEVELOPMENT SERVICFS

El Centro, CA 92243

SUBJECT: Condition Use Permit 19-0017—Second Imperial Geothermal Company (Ormat)

Dear Mr. Minnick:

The Imperial County Air Pollution Control District (“Air District”) would like to thank you for the
opportunity to review Conditional Use Permit (CUP) 19-0017 that would allow for the installation
of two new water-cooled ORMAT Energy Converters; three 10,000 gallon isopentane above
ground storage tanks; and, additional pipes to connect the proposed facilities with the existing
Heber 2 Geothermal Energy complex (“Project”). The new energy converters will replace the
existing six converters while the three new isopentane storage tanks will complement the existing
two storage tanks. The Project location is located at 855 Dogwood Road in Heber (APN 054-250-

031-000).

Upon review, the Air District reminds the applicant that it will need to submit an application for a
Modification of a Permit to Operate to the Engineering & Permitting Division of the Air District.
During this process the applicant can discuss the emissions from the equipment to be used in the
construction and installation of the energy converters and storage tanks. The applicant must
adhere to the Air District's Regulation VIIl which is designed to mitigate PM10 emissions during
construction. Additionally, the applicant needs to submit a Construction Dust Control Plan and
notify the Air District 10 days prior to the start of any construction activities.

Finally, the Air District requests a copy of the Draft CUP prior to recording.

The Air District's rule book can be accessed via the internet at
http://www.co.imperial.ca.us/AirPollution. Click on “Rules & Regulations” under “Resources” on
the left side of the page. Should you have questions, please call our office at (442) 265-1800.

CUP 19-0017 Page 10of 2

AN EQUAL OPPORTUNITY / AFFIRMATIVE ACTION EMPLOYER



Sincerely,

Curtis Blondell
APC Environfental Coordinator

Reviewed b
APC Division Manager

CUP 19-0017

Page20of 2



OPERATIONS/PREVENTION
2514 La Brucherie Road
Imperial, CA 92251

ADMINISTRATION / TRAINING
1078 Dogwood Road
Heber, CA 92249

Operations
Phone: (442) 265-3000
Fax: (760) 355-1482

Administration
Phone: (442) 265-6000
Fax: (760) 482-2427

Prevention
Phone: (442) 265-3020

RECEIVED

September 18, 2019 SEP 19 2019

Training
Phone: (442} 265-6011

RE: Conditional Use Permit #19-0017 IMPERIAL COUNTY
Ormat, 855 Dogwood Road, Heber CA 92249 APN: 054-250-031 PLANNING & DEVELOPMENT SERVICES

Imperial County Fire Department would like to thank you for the chance to review and comment
on CUP #19-0017 for Ormat Facility Refurbishment, equipment installation, removal of existing
facilities,

Imperial County Fire Department has the following comments and/or requirements for the Ormat
Geothermal facility.

Comment received is requesting 3 additional 10,000 gallon isopentane above ground slorage
tanks will be installed adjacent to the existing 2 10,000 gallon isopentane above ground storage
tanks.

Isopentane is highly flammable liquid that fire behavior can be highly volatile and vapors may
explode when mixed with air. The amount of propose storage and the location rises concerns for
Imperial County Fire Department and the surrounding community of IHeber. The Emergency
Response Guide:

Excerpt from ERG Guide 128 [Flammable Liquids (Water-Immiscible):

As an immediate precautionary measure, isolate splll or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet),
FIRE: If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile)
in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all directions,
(ERG, 2016)

Firefighting

Fire Extinguishing Agents Not to Be Used: Water may be ineffective

Fire Extinguishing Agents: Dry chemical, foam, or carbon dioxide ( USCG, 1999)

These precautions are required to be followed for all incidents including fire involving hazardous
materials. To adequately protect the Imperial County Fire Department staff, facility stalf. and
citizens of the community of Heber and Imperial County ICFD is requesting the following
mitigations measures:

A certified fire protection engineer survey and analysis of current and proposed fire
suppression and detection equipment be performed to evaluate the current systems
performance and coverage of protection. Evaluate propose fire suppression and detection
equipment in conjunction with existing equipment. A full report of findings must be
provided to Imperial County Fire Department for review

® Isopentane leak or fire will require a larpe scale evacuation area and create a large scale
hazardous material incident with a large operational zone. To minimize potential
extremely dangerous condition to firefighters and hazardous material teams Imperial
County Fire Department is requiring that a Drone be purchase for Imperial County Fire

An Equal Opportunity / Affirmative Action Employer



Department. The final cost, details, and equipment of the drone shall be determined
prior the issuance of the building permit.

* Isopentane fire will require a large amount of dry chemical, foam or carbon dioxide to be
effective in firefighting as water may be ineffective. For Imperial County Fire
Department to be effective in our firefighting effort for the amount of storage Imperial
County Fire Department is requiring a foam unit sized and equipment for the storage of
isopentane be purchase for Imperial County Fire Department. The final cost, details, and
equipment of the foam unit shall be determined prior the issuance of the building
permits.

¢ Allisopentane above ground storage tanks shall be protected by approved automatic fire
suppression equipment. All automatic fire suppression shall be installed and maintained
to the current adapted fire code and regulation.

* Anapproved automatic fire detection system shall be installed as per the California Fire Code.
All fire detection systems shall be installed and maintained to the current adapted fire code and
regulations,

* Fire department access roads and gates will be in accordance with the current adapted fire code
and the facility will maintain a Knox Box for access on site.

¢ Compliance with all required sections of the fire code.

* Applicant shall provide product containment areas(s) for both product and water run-off in case
of fire applications and retained for removal.

Imperial County Fire Department reserves the right to comment at a later time as we feel
necessary.

If you have any questions, please contact the Imperial County Fire Prevention Bureau at 442-265-3020
or 442-265-3021,

Sincerely

Andrew Loper

Lieutenant/Fire Prevention Specialist
Imperial County Fire Department
Fire Prevention Bureau

Robert Malek S22~~~
Deputy Chief
Imperial County Fire Department

An Equal Opportunity / Affirmative Action Employer



ADMINISTRATION / TRAINING
1078 Dogwood Road
Heber, CA 92249

OPERATIONS/PREVENTION
2514 La Brucherie Road
Imperial, CA 92251

MPERIA
COUNTY

Administration
Phone: (442) 265-6000
Fax: (760) 482-2427

Operations
Phone: (142) 265-3000
Fax: (760) 355-1482

Prevention
Phone: (442) 265-3020

Training
Phone: (442) 265-601 1

September 18, 2019

RE: Conditional Use Permit #19-0017
Ormat, 855 Dogwood Road, Heber CA 92249 APN: 054-250-031

Imperial County Fire Department would like to thank you for the chance to review and comment
on CUP #19-0017 for Ormat Facility Refurbishment, equipment installation, removal of existing
facilities.

Imperial County Fire Department has the following comments and/or requirements for the Ormat
Geothermal facility.

Comment received is requesting 3 additional 10,000 gallon isopentane above ground storage
tanks will be installed adjacent to the existing 2 10,000 gallon isopentane above ground storage
tanks.

Isopentane is highly flammable liquid that fire behavior can be highly volatile and vapors may
explode when mixed with air. The amount of propose storage and the location rises concerns for
Imperial County Fire Department and the surrounding community of Heber. The Emergency

Response Guide:

Excerpt from ERG Guide 128 [Flammable Liquids (Water-Immiscible):

As an immediate precautionary measure, isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).
FIRE: If tank, rail car or tank truck is involved in a fire, ISOLATE for 800 meters (1/2 mile)
in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all directions.
(ERG, 2016)

Firefighting

Fire Extinguishing Agents Not to Be Used: Water may be ineffective

Fire Extinguishing Agents: Dry chemical, foam, or carbon dioxide (USCG, 1999)

These precautions are required to be followed for all incidents including fire involving hazardous
materials. To adequately protect the Imperial County Fire Department staff, facility staff, and
citizens of the community of Heber and Imperial County ICFD is requesting the following
mitigations measures:

e A certified fire protection engineer survey and analysis of current and proposed fire
suppression and detection equipment be performed to evaluate the current systems
performance and coverage of protection. Evaluate propose fire suppression and detection
equipment in conjunction with existing equipment. A full report of findings must be
provided to Imperial County Fire Department for review

e Isopentane leak or fire will require a large scale evacuation area and create a large scale
hazardous material incident with a large operational zone. To minimize potential
extremely dangerous condition to firefighters and hazardous material teams Imperial
County Fire Department is requiring that a Drone be purchase for Imperial County Fire

An Equal Opportunity / Affirmative Action Employer



Department. The final cost, details, and equipment of the drone shall be determined
prior the issuance of the building permit.

o lsopentinefirewilreguiiea-larseamounteldpechenieal—foum-orcarbon-dioxideto-be
effective-in-Brefiohtne as-watermay-be ineffoctive. Fordmperint-CountyFire
Bepartment-to-beeleetivenourfirefighting-efor-lorthe-amonntolstorue hmperial
County-Hre-Pepartmentisreqaiting-a Joam-unitsized-and equipmentfs-thestora s
opentane-be-prrehasefor-hmpesial-Counb—Eire Department—Fhefinal-cost—detailsand
equtRentoi-thefoammithal-be determined-prioethe issuanee-ofthe-butding
permits-Revised by Imperial County Fire Department on 12/16/2019. ICFD will no
longer required a foam unit to be purchase by Ormat for CUP #17-0017.

* Allisopentane above ground storage tanks shall be protected by approved automatic fire
suppression equipment. All automatic fire suppression shall be installed and maintained
to the current adapted fire code and regulation.

* Anapproved automatic fire detection system shall be installed as per the California Fire Code.
All fire detection systems shall be installed and maintained to the current adapted fire code and
regulations.

e Fire department access roads and gates will be in accordance with the current adapted fire code
and the facility will maintain a Knox Box for access on site.

Compliance with all required sections of the fire code.

* Applicant shall provide product containment areas(s) for both product and water run-off in case

of fire applications and retained for removal.

Imperial County Fire Department reserves the right to comment at a later time as we feel
necessary.

If you have any questions, please contact the Imperial County Fire Prevention Bureau at 442-265-3020
or 442-265-3021.

Sincerely S\/
Andrew Loper . JS2

Lieutenant/Fire Prevention Specialist
Imperial County Fire Department
Fire Prevention Bureau

Robert Malek

Deputy Chief
Imperial County Fire Department

An Equal Opportunity / Affirmative Action Employer



Gabriela Robb

From: Krug, Robert@DTSC <Robert.Krug@dtsc.ca.gov>

Sent: Tuesday, August 27, 2019 3:23 PM

To: Gabriela Robb

Subject: RE: Request for Review and Comments for Ormat CUP19-0017

[7 This email originated outside our organization; please use caution.
Hi Gabriela,

Regarding Heber 2 Geothermal Repower Project — Amendment to Conditional Use Permit No. 06-0006:

The DTSC Imperial CUPA requests that if Second Imperial Geothermal Company (SIGC) is currently regulated by the DTSC
Imperial CUPA, that they update their California Environmental Reporting System (CERS) information when their
activities and Haz Mat inventory changes. If they are just starting their business, then they need to evaluate their
inventory for any Hazardous Materials (HM), if they will have any Hazardous Wastes (HW), if there will be any petroleum
Aboveground Storage Tanks (ASTs) or Underground Storage Tanks (USTs), and lastly if they exceed the thresholds for the
California Accidental Release Program (CalARP). If they determine they do have HM or HW as part of their business
operation, then they need to notify the DTSC Imperial CUPA and we will evaluate and assist them in what they need to
do, which will include creating a CERS account and the payment of annual CUPA fees. Any determination on their part is
subject to validation by the DTSC Imperial CUPA, which may consist of an inspection of the facility and sampling wastes
for HW criteria.

Bob

Robert Krug
Supervisor / Senior Environmental Scientist

DTSC Imperial CUPA RECE“, ED

627 Wake Avenue

El Centro, CA 92243

Robert.Krug@dtsc.ca.gov AUG 27 ng

(760) 336-8919 Work \mﬂ

(760) 457-7376 Cell INPERIALCD ENT SEAVICES

PLANNING R DEVELOPM

From: Gabriela Robb <GabrielaRobb@co.imperial.ca.us>
Sent: Tuesday, August 27, 2019 2:58 PM
Subject: Request for Review and Comments for Ormat CUP19-0017

Good afternoon commenting agencies,

Please see attached Request for Review and Comments regarding CUP19-0017 as submitted by Second
Imperial Geothermal Company/Ormat.
Comments are due by Thursday, September 26, 2019.

Should you have further questions, feel free to contact assigned planner, David Black at (442) 265-1736 Ext.
1746.

Thank you,

Gabriela Robb
Office Assistant il



CONDITIONAL USE PERMIT

|.C. PLANNING & DEVELOPMENT SERVICES DEPT.
801 Main Street, El Centro, CA 92243 (760) 482-4236

- APPLICANT MUST COMPLETE ALL NUMBERED (black) SPACES ~ Please type or print -

PROPERTY OWNER’S NAME
Second Imperial Geothermal Company

EMAIL ADDRESS
Melissa Wendt - mwendt@ormat.com

2. MAILING ADDRESS (street/ P O Box, City, State) ZIP CODE PHONE NUMBER
6140 Plumas St., Reno, NV 89519 775-356-9029
3. APPLICANT'S NAME EMAIL ADDRESS
Second Imperial Geothermal Company mwendt@ormat.com
4. MAILING ADDRESS (street / P O Box, City, State) ZIP CODE PHONE NUMBER
6140 Plumas St., Reno, NV 89519 775-356-9029
4, ENGINEER'S NAME CA. LICENSE NO. EMAIL ADDRESS
Shlomi Huberman shuberman@ormat.com
5. MAILING ADDRESS (Street/ P O Box, City, State) ZIP CODE PHONE NUMBER
6140 Plumas St., Reno, NV 89519 775-356-9029
6. ASSESSOR'S PARCEL NO. SIZE OF PROPERTY (in acres or square foot) ZONING (existing)
APN 054-250-031 39.99 acres A-2-G-SPA
7. PROPERTY (site) ADDRESS
855 Dogwood Road, Heber, CA 92249
8. GENERAL LOCATION (i.e. city, town, cross street)
Slightly north of the intersection of Dogwood Road and Willoughby Road
9. LEGAL DESCRIPTION 855 Dogwood Road, Heber, CA

Tract 44, Township 16 South, Range 14 East, SBB&M

PLEASE PROVIDE CLEAR & CONCISE INFORMATION (ATTACH SEPARATE SHEET IF NEEDED)

10. DESCRIBE PROPOSED USE OF PROPERTY (list and describe in detail)
Facility refurbishment, equipment installation, removal of existing facilities. See attached CUP Application for details.
11. DESCRIBE CURRENT USE OF PROPERTY Major Geothermal Power Plant
12. DESCRIBE PROPOSED SEWER SYSTEM No additional sewer service proposed
13. DESCRIBE PROPOSED WATER SYSTEM No additional water service proposed
14. DESCRIBE PROPOSED FIRE PROTECTION SYSTEM An existing fire protection system is in p|ace_
15. IS PROPOSED USE A BUSINESS? IF YES, HOW MANY EMPLOYEES WILL BE AT THIS SITE?
Yes ] No Approximately 30, 10-15 more during construction.
| / WE THE LEGAL OWNER (S) OF THE ABOVE PROPERTY REQUIRED SUPPORT DOCUMENTS
CERTIFY THAT THE INFORMATION SHOWN OR STATED HEREIN
IS TRUE AND CORRECT. A. SITE PLAN
C]ON/U?’CJ: 5%@('/}/)7!—?‘1\./ 6/"/2“/ 9 B. FEE

?ynl Name s Date

: L) C. OTHER
Signature
Print Name Date D. OTHER
Signature
APPLICATION RECEIVED BY: ~. DATE . - ] REVIEW/APPROVAL BY

N DR g‘? /1] OTHER DEPT'S required.
APPLICATION DEEMED COMPLETE BY: %A DATE 0O p.w.
it VA O EH.s. CUP #
APPLICATION REJECTED BY: DATE O A.P.C.D
. O O.E.s. A ; i

TENTATIVE HEARING BY: DATE 0 Lq OO['[
FINAL ACTION: O APPROVED [ DENIED DATE O

18 19-007p



HEBER 2 GEOTHERMAL REPOWER PROJECT

b4
Application to Amend Conditional Use Permit No. 06-00&

August 12, 2019

Submitted to:

County of Imperial

Planning & Development Services Department
801 Main Street

El Centro, CA 92243-2811

Submitted by: {’ %

Second Imperial Geothermal Company (ORMAT Nevada Inc.) \J}

947 Dogwood Road \
Heber, CA 92249

Prepared by:

Catalyst Environmental Solutions

315 Montana Ave., Suite 311 Catalyst

Santa Monica, CA 90403 RECElVED ENVIRONMEyNTALSOLUTIONS

AUG 13 2019

IMPERIAL COUNTY
PLANNING & DEVELOPMENT SERVICES



Heber 2 Geothermal Repower Project
Application to Amend CUP No. 06-0006
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Heber 2 Geothermal Repower Project
Application to Amend CUP No. 06-0006

INTRODUCTION

The Second Imperial Geothermal Company (SIGC), a wholly owned subsidiary of ORMAT Nevada, Inc (ORMAT),
owns and operates the Heber 2 Geothermal Energy Complex, which was originally constructed in 1992 and
expanded in 2006. SIGC proposes to amend the existing Conditional Use Permit (CUP; No. 06-0006) to allow for
the installation of two new water-cooled ORMAT Energy Converters (OECs) that will replace six old ORMAT units
from 1992 (OEC-1 through OEC-6); three 10,000 gallon isopentane above ground storage tanks; and, additional
pipes to connect the proposed facilities with the existing Heber 2 Geothermal Energy Complex (collectively, the
“Project”). All proposed facilities would be developed within the existing Heber 2 Complex and fence line. This
application also proposes to extend the permitted life of the entire Heber 2 Complex (including the Goulds 2 and
Heber South geothermal energy facilities) to 30 years (2019-2049). The proposed facility upgrades would allow
the Heber 2 Complex to run more efficiently and restore output to the net generation capacity (33 megawatts)
without expanding the existing facility beyond the current footprint, and produce clean renewable energy in the
Imperial Valley for the next three decades.

The land proposed for OEC development is zoned as General Agriculture (A-2) but the project site is entirely
within the Imperial County Geothermal Overlay Area/Special Plan Area (G-SPA). “Major Geothermal Projects” in
the overlay zone are permitted through the CUP process. The proposed use for the development site is the same
as the existing use (geothermal energy generation), demonstrating consistency with the existing zoning and
current uses; therefore, an amendment to the existing CUP is required pursuant to 1) County of Imperial’s zoning
code (Renewable Energy/Geothermal Energy Overlay), 2) the Renewable Energy and Transmission Element
County of Imperial General Plan, and 3) condition G-14 (Amendments) of CUP No. 06-0006.

BACKGROUND
The existing Heber 2 Geothermal Energy Power Plant (Heber 2) was permitted for development under CUP No.
06-0006 (April 12, 2006) and consists of the following facilities:

e The Heber 2 Complex currently generates less than the 33 MW net generation capacity, the proposed
improvements will restore the facility’s generation capacity to 33 MW of renewable energy.

e The Heber 2 Complex currently includes one production well, two injection wells, two six-cell cooling
towers, an electrical substation, emergency fire water pump, evacuation skid system-vapor recovery
maintenance unit, control room, office space, maintenance facilities, two 10,000 gallons isopentane
storage tanks, piping, and ancillary equipment/facilities.

e The parcel where the Heber 2 Complex site is located is approximately 40 acres and is enclosed by
security fencing.

e Operations personnel are present at the Heber 2 Complex during routine working hours (8am-5pm), and
the facility is monitored 24 hours per day from the control room at the Heber 1 geothermal power plant,
approximately 1 mile to the east.

PROJECT DESCRIPTION

Project Location, Access, and Zoning

The Heber 2 Complex is located on private lands owned by ORMAT Nevada, Inc. in southern Imperial County, as
observed on Figure 1. The proposed development would occur entirely on Assessor’s Parcel Number (APN}) 054-
250-031, which is a 39.99-acre property. This parcel also includes geothermal facilities for the Goulds 2 and Heber
South projects. The address for the Heber 2 Complex is 855 Dogwood Road, Heber, CA 92249,
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Primary highway access to the Heber 2 site is provided via Interstate 8 (I-8; Kumeyaay Highway), which is located
approximately 4.5 miles directly north of the Heber 2 Complex. Dogwood Road stems off of I-8 and provides
immediate site access to the Heber 2 Complex. From the south, Willoughby Road runs west-east and is located
approximately 1,700 feet from the site. Willoughby Road connects to Dogwood Road providing immediate site
access.

APN 054-250-031 is zoned as A-2-G-SPA, for General Agriculture (A-2), Geothermal Overlay Zone (G), and in the
Heber Specific Plan Area (SPA). The Project site is entirely within the Imperial County Geothermal Overlay Zone.
“Major Geothermal Projects” in the overlay zone are permitted through the CUP process, as was the original
Heber 2 Complex. The Heber SPA is intended “to allow for commercial, residential, industrial, renewable energy
and other employment oriented development in a mixed used orientation” (Land Use Element of the Imperial
County General Plan, 2015). Therefore, the proposed Project conforms to the standards and goals set forth in the
Imperial County General Plan and the Renewable Energy and Transmission Element of County of Imperial General
Plan (2015).

Proposed Development

SIGC proposes to install two new water-cooled ORMAT Energy Converters (OECs); three 10,000 gallon above
ground storage tanks; and, additional pipeline to connect the proposed facilities with the existing Heber 2
Complex (hereinafter, “Project”). This application also proposes to extend the permitted life of the entire Heber 2
Complex (including the related Goulds 2 and Heber South geothermal energy facilities) to 30 years (2019-2049).
The objective of the Project is to improve the efficiency of geothermal energy generation and refurbish the Heber
2 Complex to the original nameplate generation of 33 megawatts (MW). The total project disturbance from
developing the new OECs is approximately 4 acres, all within the existing power plant footprint and fencing.
Figure 2 provides a site plan of the proposed and existing facilities. Figure 3 provides a diagram of how the
proposed facilities will be integrated with the existing Heber 2 Complex.

The existing air-cooled OEC units would be shut down, disassembled, and removed from the Heber 2 site likely
immediately after the completion of the development of the proposed facilities, and no later than 5 years after
issuance of the CUP.

The development site is completely devoid of any vegetation and is actively disturbed as part of ongoing energy
generation operations at Heber 2. Appendix A provides photographs of the development site. Considering its
current condition, site preparation for the installation of the proposed facilities would be limited to minor
excavation and soil/gravel compaction.

ORMAT Energy Converter-1 (OEC-1)

The proposed OEC-1 unit is a two-turbine combined cycle binary unit, operating on a subcritical Rankine cycle,
with isopentane as the motive fluid for the system. This system also consists of a generator, turbines, vaporizer,
water cooled condensers, preheaters and recuperators, with the OEC served by the existing evacuation skid/vapor
recovery maintenance unit (VRMU) for purging and maintenance events. The design capacity for the unit is 25.43
MW Gross. OEC-1 would be placed on small concrete footers. Example pictures of the proposed OEC unit are
provided below in Figure 4.

ORMAT Energy Converter-2 (OEC-2)

The proposed OEC-2 unit is a two-cycle binary unit, operating on a subcritical Rankine cycle, with isopentane as
the motive fluid for the system. This system also consists of a generator, turbines, vaporizers, water cooled
condensers and preheaters, with the OEC served hy the existing portable evacuation skid/vapor recovery
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maintenance unit (VRMU) for purging and maintenance events. The design capacity for the unit is 14.01 MW
Gross. OEC-2 would be placed on small concrete footers.

Three Additional Isopentane Above Ground Storage Tanks

To support the new OEC units, three new double-walled ABSTs for additional isopentane supply would be
installed. There are two existing ABSTs and the new ABSTs would be sited adjacent to the existing tanks. The new
ABSTs would have a capacity of 10,000 gallons each. Example pictures of the proposed ABSTs are provided below
in Figure 5.

Construction Schedule
The proposed developments are anticipated to take up to eight months to install, test, and become fully
integrated with the existing system. Construction will initiate immediately after all permits are secured.

Construction Equipment and Noise

Heavy construction equipment, including semi-truck trailers, flatbed trucks, forklifts, excavators/bulldozers, roller,
and cranes would be used to deliver and place the proposed facilities on the project site. Smaller powered hand
tools, such as drills, compressors, and welding equipment will also be used. Employee vehicles will be used to
transport workers to the project site and parked at the designated parking locations.

During construction, noise emissions would be periodic and temporary, depending on the use of the heavy
equipment. Smaller hand tools would be used consistently during the construction phase (approximately eight
months).

Construction activities would be limited to 7:00am through 7:00pm. Construction noise from the development of
the proposed facilities would not exceed the County threshold of 75 decibels any time of the day (§90702.00 —
Sound Level Limits). Further, there are no sensitive receptors in close proximity to the Heber 2 site and the closest
resident is over 3,500 feet away from the development site.

Abandonment

The existing OEC units, as shown on Figure 2, would be safely disconnected from the Heber 2 Complex,
dismantled, and removed from the site. Removal of the old air-cooled OEC units would likely occur immediately
after development of the proposed facilities is complete, but no later than five years after issuance of the CUP
amendment,

This application seeks to extend the permitted life of the Heber 2 Complex to 30 years, and if approved by the
County, would operate between 2019 and 2049. As included in the enclosed Reclamation Plan Application
(Appendix H), at the end of the useful life, all equipment and facilities would be properly abandoned and
dismantled. The geothermal production well and injection wells would be abandoned in conformance with the
well abandonment requirements of the California Division of Qil, gas, and Geothermal Resources (DOGGR).
Abandonment of a geothermal well involves plugging the well bore with clean drilling mud and cement sufficient
to ensure that fluids would not migrate to different aquifers. The well head (and any other equipment) would be
removed, the casing cut off at least six feet below ground surface, and the well site reclaimed.

A Site Abandonment Plan (SAP), in conformance with Imperial County and DOGGR requirements, would be
prepared and implemented. The SAP would describe the proposed approach to facility abandonment, equipment
removal, disposal, and site restoration. All above-ground equipment will be dismantled and removed from the
entire Heber 2 site. The surface of the site would be restored to conform to approximate pre-Project land uses
(e.g., agriculture or open space).
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Environmental Protection Measures

All SIGC and contractor personnel would be informed of SIGC/ORMAT’s policy regarding environmental
protection, safety plans, and emergency response protocols. Collectively, these measures minimize unintended
impacts and events as result of facility construction and geothermal energy generation.

Surface and Ground Water Quality

A Water Quality Management Plan (WQMP) has been prepared for both the construction and operations
phases of the Project. The WQMP includes numerous “good housekeeping” and preventative
maintenance, employee training, safe handling/storage, and spill response measures to minimize any
accidental releases. The WQMP is attached as Appendix D.

The site would be designed and prepared to provide adequate stormwater conveyance and/or infiltration.
Any spills or accidental releases of the chemicals used during Project construction and/or operation would
be cleaned up with the appropriate materials (i.e., absorbent pads, foams/gels) and the affected area
remediated to prevent contact with groundwater resources.

No vehicle fueling or maintenance would take place on exposed soil or vegetation.

Wildlife

Speed limits of 5 mph would be observed on the project site in arder to minimize dust and avoid collision
and incidental mortality of local wildlife.
Pre-construction surveys would occur to ensure the absence of any sensitive species, including burrowing

owl.

Vegetation

The site is void of any vegetation, however vegetation control, including invasive species eradication, will
be controlled to prevent growth under/near the proposed facilities.

Air Quality

The Project would comply with the Imperial County Air Pollution Control District (ICAPCD) Regulation VIII
(Fugitive Dust Control), the Imperial County 2018 PM10 Plan, and the Imperial County 2018 PM2.5 Plan.
Project equipment and worker vehicles would be turned off when not in use and not left idling to
minimize unnecessary emissions.

Water would be applied to the development site and during site preparation and construction to control
fugitive dust.

Earth moving work would be completed in phases (as necessary) to minimize the amount of disturbed
area at one time.

Construction vehicles and heavy equipment that use non-surfaced facility roads/areas will be restricted to
5 mph to control fugitive dust.

During windy conditions, barriers would be constructed and/or additional watering is conducted to
minimize wind-blown fugitive dust.

Vehicle access would be restricted to the disturbance area via signage/fencing.

Equipment would be operated according to best practices and maintained according to design
specifications.
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The OECs would be inspected for leaks using specialized leak detection equipment during every shift, and
leaks would be repaired quickly.

Any breakdown resulting in air emissions would be reported to ICAPCD and corrected promptly (within 24
hours when possible).

The VRMU would be tested annually to confirm proper function and high isopentane recovery rates.

Cultural Resources

Project construction personnef will monitor areas during surface disturbing activities and if any potential
cultural or archaeological resources {e.g., bones, ceramics) are discovered, all construction affecting the
discovery site will be suspended immediately until a qualified archaeologist has reviewed the findings. An
Unanticipated Discoveries Plan would be prepared prior to resuming construction.

Waste Management

Workers would be required to properly dispose of all refuse and trash to prevent any litter on the site.

During construction, portable chemical sanitary facilities would be used by all construction personnel.
These facilities would be serviced by a local contractor.

All construction wastes, liquid or solid, would be disposed of in compliance with all appropriate local,
state, and federal disposal regulations.

Solid wastes would be disposed of in an approved solid waste disposal site in accordance with Imperial
County Environmental Health Department requirements. Waste would be routinely collected and
disposed of at an authorized landfill by a licensed disposal contractor.

Fire Prevention

The existing Heber 2 Emergency Response Plan (ERP) addresses Project construction and operations. The
ERP would be reviewed and updated, if necessary, to specifically consider Project construction and
operations.

All construction equipment would be equipped with exhaust spark arresters.

Safety Data Sheets for all known chemicals of concern would be maintained and available to workers and
first responders.

Personnel would be allowed to smoke only in designated areas.

A list of emergency phone numbers would be available onsite so that the appropriate firefighters and first
responders can be contacted in case of a fire or emergency.

Adequate firefighting equipment (i.e., a shovel, a pulaski, standard fire extinguisher[s], and an ample
water supply) would be kept readily available at each active construction site.

Vehicle catalytic converters {on vehicles that would enter and leave the construction site on a regular
basis) would be inspected often and cleaned of all flammable debris.

All cutting/welding torch use, electric-arc welding, and grinding operations would be conducted in an area
free from vegetation. An ample water supply and shovel would be on hand to extinguish any fires created
from sparks. At least one person in addition to the cutter/welder/grinder would be at the work site to
promptly detect fires created by sparks.

Operations personnel are present at the Heber 2 site during routine working hours (8 am-5 pm), and the
facility is monitored 24 hours per day from the control room at the Heber 1 geothermal power plant,
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approximately 1 mile to the east. ORMAT would designate an employee to serve as the responsible
agent/emergency manager who fully comprehends the ERP and would be prepared to enact the ERP in

the event of a fire.

Noise

e Construction activities would be limited to 7:00am and 7:00pm.

Geotechnical and Geologic Hazards
e Aformal geotechnical investigation of the site’s soil characteristics, seismic conditions, stormwater
infiltration, site stability, and potential for liquefaction has been developed. A summary memorandum
and the full technical report are attached as Appendix E.

Public Health and Safety

e The existing Heber 2 ERP addresses Project construction and operations. The ERP would be reviewed and

updated, if necessary, to specifically consider Project construction and operations.
e The Heber 2 site would be fenced to prevent:
o Unauthorized people from accessing and tampering with the geothermal facilities.
o Wildlife from entering the facility and damaging the geothermal facilities or being injured.

e Signage, such as “No Trespassing” and “Danger — High Voltage”, is posted at the Heber 2 site to provide
notice to unauthorized people to keep out.

e The existing Heber 2 Hazardous Materials Business Plan (HMBP) previously submitted to the California
Department of Toxic Substances Control (CDTSC), as a Certified Unified Program Agency (CUPA) for
Imperial County, would be updated and revised as necessary prior to Project construction and operation.

e Operations personnel are present at the Heber 2 site during routine working hours (8 am-5 pm), and the
facility is monitored 24 hours per day from the control room at the Heber 1 geothermal power plant,
approximately 1 mile to the east. ORMAT would designate an employee to serve as the responsible
agent/emergency manager who fully comprehends the ERP and would be prepared to enact the ERP in
the event of an emergency. )

e Minor leaks or spills of fluids from construction equipment would be quickly contained and cleaned up.

e All hazardous materials would be used, transported, and disposed of in accordance with applicable safe
handling and disposal regulations.

e Project personnel would coordinate that movement of any required oversized load on Imperial County
roads with the Imperial County Department of Public Works (ICDPW) and/or on State highways with the
California Department of Transportation (CalTrans) and the El Centro California Highway Patrol office.
Transportation of oversized equipment would be minimized to the greatest extent feasible.

Environmental Monitoring
e Standard requirements for compliance with all applicable laws and regulations, with bonds, fees, and
insurance requirements would be followed to ensure proper perfarmance by operations personnel.

e Monitoring inspections and access/entry provisions would be put in place.
e ORMAT would designate a responsible agent to oversee all construction and operations activities at the
Heber 2 site.
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