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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 MCER 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
(PGAMm) 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 (PGAm = FrGa*PGA). A PGAwm value of 0.50g is used for
liquefaction settlement analysis.
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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 Nieo) 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.
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Imported fill soil (if required) should have a Plasticity Index less than 15 and sulfates (SOa) 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).
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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 )2 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).
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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) 42.2 -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) 32.5 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 Y4 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.
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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 .
Tvpe (ft) Weight Angle (ksf) Modulus, k | €50 or Dr | Reduction
P (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 | 12t040 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).
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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 (74 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 S2 (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 . . Strength

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

SO 0-1,000 - — —

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

S2 2,000-20,000 \Y 0.45 4,500

S3 Over 20,000 V (plus Pozzolon) 0.45 4,500

Note: From ACI 318-14 Table 19.3.1.1 and Table 19.3.2.1

Landmark Consultants, Inc.

Page 8



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

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.
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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

CEG 2261

No. 31921
EXPIRES 12-31-20

Jeffrey O. Lyon, PE
President

Steven K. Williams, PG, EG
Senior Engineering Geologist

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 . Maximum .
Fault Name Distance Apprommate Mon?ent Fault Length Slip Rate
(miles) Distance (km)| Magnitude (km) (mm/yr)
Mw)
Imperial 7.0 11.2 7 62+6 20+5
Superstition Hills 8.4 13.5 6.6 23+£2 4+2
Unnamed 2* 8.5 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 14.7 235 6.6 24 +£2 5£3
Laguna Salada 14.8 23.6 7 67+7 35+1.5
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 32.7
Painted Gorge Wash* 24.0 38.4
Ocotillo* 254 40.6
Elmore Ranch 28.3 453 6.6 2943 1+0.5
Elsinore - Coyote Mountain 29.1 46.6 6.8 39+4 4+2
San Jacinto - Borrego 33.6 53.8 6.6 20+3 4+£2
Algodones * 35.6 57.0

* Note: Faults not included in CGS database.
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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: I
Seismic Design Category: D

Maximum Considered Earthquake (MCE) Ground Motion

Mapped MCEy, 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 Coefficient 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)
MCE, Spectral Response Acceleration Parameter (0.2 s) Sms 1.500 g =F,*S; CBC Equation 16-37
MCE, Spectral Response Acceleration Parameter (1.0 s) Smi 0900g =F,*S, CBC Equation 16-38

Design Earthquake Ground Motion

Design Spectral Response Acceleration Parameter (0.2 s) Sps 1.000 g  =2/3*Syg 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, 0.50 g ASCE Equation 11.8-1
16 Period Sa MCER Sa
T (sec) (¢)] (¢)]
14 \ 0.00 0.40 0.60
\
0.12 1.00 1.50
\ 0.60 1.00 1.50
512 H \ 0.70 0.86 1.29
® \ 0.80 075 113
g 10 v\ 0.90 0.67 1.00
E AN 1.00 0.60 0.90
< 0.8 Hy 1.10 0.55 0.82
3 1 \ \ 1.20 0.50 0.75
® 06 - 1.20 0.50 0.75
G ™N NS 1.40 0.43 0.64
& 04 I 1.50 0.40 0.60
- — 1.75 0.34 0.51
0.2 A 1 2.00 0.30 0.45
2.20 0.27 0.41
0.0 2.40 0.25 0.38
00 0.5 1.0 15 2.0 25 3.0 35 40 | 280 0.23 0.35
Period (sec) 2.80 0.21 0.32
3.00 0.20 0.30
MCER Response Spectra = « Design Response Spectra 3.50 0.17 026
4.00 0.15 0.23




Allowable Compression Pier Capacity (ton)

100

0 10 20 30 40 50 60 70 80 90
0
S \
£ 10 A\
: \
)
)
g \ \ 36-inch Diameter
Q@ 15
()
o \ \
"'6 N
- \l 24-inch Diameter |
20 \\
)
o
25 \
Notes:

1. Compression load capacity are based on skin friction and end-bearing capacity.

The structural capacity of the piers should be checked.

2. The indicated capacities are for sustained (dead plus live) vertical compression

load, and include a factor of safety of at least 2.5

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

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

LANDMARK

Geo-Engineers and Geologists Drilled Pier Compression Capacity Chart

a DBEREBE/SBE Comparry

Ormat’s Heber #2 Plant Expansion

Project No.: LE19075 Heber, California
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APPENDIX B




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

CONE PENETROMETER

LOCATION: See Site and Boring Location Plan DATE:

. Middle Earth Geotesting Truck Mounted Electric

Cone with 23 ton reaction weight

12/20/2004

CONE SOUNDING DATA CPT~1

R INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
3 From Robertson and Campanella (1989
T GROUND ELEVATION +/- 0 100 200 300 400 O 2 4 6 8 10 0 2 4 6 8
Clayey Silt to Silty Clay ML/CL hard \ t ;/
Sandy Silt to Clayey Silt ML very dense S 5 )
Silty Sand to Sandy Silt SM/ML  very dense I )
] Silty Sand to Sandy Silt " " very dense |~ /J |
5 Silty Clay to Clay CL stiff } )
Silty Clay to Clay "o stiff ) / /
Tciay CLICH  stiff \ \ s
"oy "o stiff ) \
Tciay "o il ! ) | <
10 : Clay "o very stiff g \
Clay "o very stiff ( r f
B Silty Clay to Clay CL very stiff ? z </
ey CLICH  stiff { {
ey "o sl { ( <
15 : Clay e very stiff Z 2 j
Clay e very stiff ( l &
] Clay "o very stiff ) ) 2
] Clay "o very stiff > > €
B Clay o very stiff } w 3
2 : Clay o very stiff 5 g L.
Clay o il ( l -
] Clay v very stiff } \ %
] Clay "o very stiff
B Clay o very stiff \ (
2 : Clay o very stiff / Id (
Clay " very stiff } / 2\
B Clay e very stiff } ? é
B Clay " very stiff { / )
] Clay "o very stiff ; 3 $Z
30 : Clay " very stiff \ \ B
Clay e very stiff ( ( g
B Clay " very stiff > 5 ;
] Clay "o very stiff \ \ 3
"oy e s / v/ 5
. ey e s \ N S
Clay " very stiff < K \
] Clay "o very stiff \ S /
Clayey Silt to Silty Clay ML/CL very stiff / /
Silty Clay to Clay cL stiff S \ TN
i—
w0 Clayey Siltto Silty Clay ~ ML/CL  stiff ( ( P
Clayey Silt to Silty Clay "o stiff ‘ \ [
] Clayey Silt to Silty Clay " stiff f /
] Clayey Silt to Silty Clay "o very stiff \ \ v
“lciayeysittosityClay " " verystiff J } S
45 : Clayey Silt to Silty Clay "o very stiff l
Clayey Silt to Silty Clay "o stiff ’ s D
Sandy Silt to Clayey Silt ML very loose ?
B Sandy Silt to Clayey Silt "t very loose ‘
Clayey Silt to Silty Clay ML/CL stiff l {
50 Sandy Silt to Clayey Silt ML very loose ;
55 —

END OF SOUNDING AT 50 ft.
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Repower Project - Heber, CA Project No: LE19075 Date: 12/20/2004
CONE SOUNDING:  CPT-1
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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
0.15 0.5 47.46 5.04 Silty Clay to Clay CL hard 125 27 60 2.79 >10
030 1.0 71.19 3.50 Sandy Silt to Clayey Silt ML very dense 115 20 134.6 45 107 43

045 15 76.38 3.27 Sandy Silt to Clayey Silt ML very dense 115 22 144.4 40 102 42

0.60 2.0 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 SM/ML very dense 115 21 178.0 30 100 42

093 3.0 10194 2.35  Silty Sand to Sandy Silt SM/ML very dense 115 23 192.7 30 99 42

1.08 35 12324 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

1.38 45 16.43 4.19 Clay CL/CH stiff 125 13 85 0.95 >10
153 5.0 15.53 3.80 Silty Clay to Clay CL stiff 125 9 85 0.90 >10
168 55 13.99 3.48 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
1.98 6.5 10.41 3.55  Silty Clay to Clay CL stiff 125 6 95 0.59 >10
213 7.0 11.62 4.38 Clay CL/CH stiff 125 9 100 0.66 >10
228 75 13.29 4.44 Clay CL/CH stiff 125 11 95 0.76 >10
245 8.0 14.55 4.93 Clay CL/CH stiff 125 12 95 0.83 >10
260 85 13.90 4.96 Clay CL/CH stiff 125 11 95 0.79 >10
275 9.0 13.23 4.08 Clay CL/CH stiff 125 11 95 0.75 >10
290 95 13.66 4.68 Clay CL/CH stiff 125 11 100 0.77 >10
3.05 10.0 26.88 5.00 Clay CL/CH very stiff 125 22 80 1.55 >10
320 105 21.69 5.01 Clay CL/CH very stiff 125 17 85 1.24 >10
335 11.0 19.84 485  Clay CL/CH very stiff 125 16 90 1.13 >10
350 115 2131 445  Silty Clay to Clay CL very stiff 125 12 85 1.22 >10
365 120 1897 4.00 Silty Clay to Clay CL very stiff 125 11 85 1.08 >10
380 125 16.82 3.88 Silty Clay to Clay CL stiff 125 10 90 0.95 >10
395 13.0 18.18 4.91 Clay CL/CH very stiff 125 15 95 1.03 >10
413 135 1733 5.43 Clay CL/CH stiff 125 14 100 0.98 >10
428 140 17.04 5.46 Clay CL/CH stiff 125 14 100 0.96 >10
443 145 21.21 5.45 Clay CL/CH very stiff 125 17 100 1.21 >10
458 150 19.96 5.21 Clay CL/CH very stiff 125 16 100 1.13 >10
473 155 23.41 4.80 Clay CL/CH very stiff 125 19 90 1.34 >10
488 16.0 20.50 5.51 Clay CL/CH very stiff 125 16 100 1.16 >10
503 165 21.94 5.88 Clay CL/CH very stiff 125 18 100 1.25 >10
518 17.0 19.22 5.48 Clay CL/CH very stiff 125 15 100 1.09 >10
533 175 2757 5.03 Clay CL/CH very stiff 125 22 90 1.58 >10
548 18.0 23.29 5.22 Clay CL/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 19.0 2133 6.77 Clay CL/CH very stiff 125 17 100 1.21 >10
595 195 2197 6.29 Clay CL/CH very stiff 125 18 100 1.24 >10
6.10 20.0 21.34 7.09 Clay CL/CH very stiff 125 17 100 1.21 >10
6.25 205 1548 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/CH very stiff 125 21 100 1.51 >10
6.70 220 27.19 6.21 Clay CL/CH very stiff 125 22 100 1.55 >10
6.85 225 29.12 6.18 Clay CL/CH very stiff 125 23 100 1.66 >10
7.00 23.0 24.40 7.41 Clay CL/CH very stiff 125 20 100 1.38 >10
718 235 29.74 765 Clay CL/CH very stiff 125 24 100 1.69 >10
733 240 3124 7.01 Clay CL/CH very stiff 125 25 100 1.78 >10
748 245 31.71 6.74 Clay CL/CH very stiff 125 25 100 1.81 >10
763 250 2838 5.36 Clay CL/CH very stiff 125 23 100 1.61 >10
778 255 2550 5.79 Clay CL/CH very stiff 125 20 100 1.44 >10
793 260 21.28 6.01 Clay CL/CH very stiff 125 17 100 1.19 7.85
8.08 265 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 20.13 6.30 Clay CL/CH 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
8.68 285  20.08 565 Clay CL/CH very stiff 125 16 100 1.12 6.32
885 29.0 20.55 5.67 Clay CL/CH very stiff 125 16 100 1.14 6.32
9.00 295 20.76 7.00 Clay CL/CH very stiff 125 17 100 1.15 6.32
915 30.0 22380 6.88 Clay CL/CH very stiff 125 18 100 1.27 7.27
9.30 305 21.60 5.89 Clay CL/CH very stiff 125 17 100 1.20 6.43
945 310 17.19 6.36 Clay CL/CH stiff 125 14 100 0.94 4.37
960 315 20.05 5.47 Clay CL/CH very stiff 125 16 100 1.1 5.53
9.75 320 1947 5.50 Clay CL/CH very stiff 125 16 100 1.07 5.10
990 325 21.74 5.63 Clay CL/CH very stiff 125 17 100 1.21 6.00
10.05 33.0 23.37 5.76 Clay CL/CH very stiff 125 19 100 1.30 6.65
1020 335 20.39 5.56 Clay CL/CH very stiff 125 16 100 1.13 5.21
10.38 34.0 15.97 5.12 Clay CL/CH stiff 125 13 100 0.86 3.50
10.53 345 16.45 4.48 Clay CL/CH stiff 125 13 100 0.89 3.58
10.68 35.0 18.50 4.96 Clay CL/CH very stiff 125 15 100 1.01 4.18
10.83 355 19.11 4.05  Silty Clay to Clay CL very stiff 125 11 100 1.05 5.53
10.98 36.0 20.64 5.86 Clay CL/CH very stiff 125 17 100 1.13 4.78
1113 36.5 2544 5.72 Clay CL/CH very stiff 125 20 100 1.42 6.65
11.28 37.0 31.72 4.84 Silty Clay to Clay CL very stiff 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
1158 380 17.68 2.48 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 6.10
11.73 385 1525 3.47 Silty Clay to Clay CL stiff 125 9 100 0.81 3.50




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

Project: Heber 2 Repower Project - Heber, CA Project No: LE19075 Date: 12/20/2004
CONE SOUNDING: CPT-1
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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
11.88 39.0 20.64 4.84 Clay CL/CH very stiff 125 17 100 1.13 4.28
12.05 39.5 15.50 3.51 Silty Clay to Clay CL stiff 125 9 100 0.83 3.50
1220 40.0 14.77 2.00 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.78 4.18
1235 405 13.50 2.07 Clayey Silt to Silty Clay ML/CL stiff 120 5 100 0.71 3.58
1250 41.0 15.96 3.29 Silty Clay to Clay CL stiff 125 9 100 0.85 3.50
12.65 415 15.32 3.05 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.81 4.28
12.80 42.0 14.74 2.01 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.78 3.91
1295 425 1748 2.54 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.94 5.10
13.10 43.0 2247 2.80 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 7.70
13.25 435 20.78 2.49 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.13 6.65
1340 440 21.29 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.16 6.76
13.58 445 19.71 2.35  Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.07 5.88
13.73 45.0 19.60 217 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
14.03 46.0 17.42 2.29 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.93 4.57
1418 46,5 1949 2.03 Sandy Silt to Clayey Silt ML very loose 115 6 14.7 100 16 30
1433 47.0 17.99 2.10 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 4.68
1448 475 16.62 1.85 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.88 4.09
14.63 48.0 16.66 1.91 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.88 4.00
14.78 485  15.96 1.83 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3.74
1493 49.0 15.56 1.78 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.81 3.58
15.10 495 14.89 1.48 Sandy Silt to Clayey Silt ML very loose 115 4 11.0 100 7 29
15.25 50.0 16.44 1.69 Sandy Silt to Clayey Silt ML very loose 115 5 12.1 100 10 29




CLIENT: Ormat Nevada Inc

CONE PENETROMETER:

PROJECT: Heber 2 Repower Project - Heber, CA

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

LOCATION: See Site and Boring Location Plan DATE: 12/20/2004
CONE SOUNDING DATA CPT-2
R INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
3 From Robertson and Campanella (1989
T GROUND ELEVATION +/- 0 100 200 300 400 0 2 4 6 8 10 0 2 4 6 8 10
Overconsolidated Soil ?? very dense ﬁ _\7
B Overconsolidated Soil very dense .\\ >
Silty Sand to Sandy Silt SM/ML  very dense g f /
] Silty Sand to Sandy Silt " very dense & / /
5 ] Silty Sand to Sandy Silt "o very dense /
Clayey Silt to Silty Clay _ MLICL _hard — P T—
Clay CLICH  stiff ) ) %
“sity clay to clay cL stiff | Ji /1
Tciay CLICH  stiff { N ~
“ : Clay "o sl | 1
Clay stiff ] ) >
7] Clay stiff / { S
ey Co st 3 | [4
] Clay very stiff \ } ?
15 : Clay very stiff / ( <
Clay very stiff l l %
] Clay v very stiff e 2 J}
] Clay very stiff ( \ S
B Clay very stiff s ‘ <
B Clay very stiff ? ) i
20 —
Clay t stiff { L K
] Clay very stiff ? > j
] Clay very stiff /
B Clay very stiff l ? _;
] Clay v very stiff ) ) 2
25 —
Clay very stiff ? 7 />
B Clay very stiff ( < Z
B Clay very stiff i ﬂ 3
] Clay v very stiff ) 2 Z
] Clay very stiff $ \
30 —
Clay very stiff k g
B Clay very stiff ) < %
] Clay v very stiff ) Pt J’
] Clay very stiff & é
35 : Clay very stiff 2 5
Clay very stiff < 3 >-
] Clay v very stiff / / &
7 Clay very stiff \ \ {
B Clay very stiff ’ l 3
B Silty Clay to Clay CL very stiff / / /
40 —
Silty Clay to Clay "o very stiff ) ) /!
Clayey Silt to Silty Clay ML/CL very stiff ( ( f
] Clayey Silt to Silty Clay " very stiff ( ( (
"ciayey silt to sity Clay very stiff | k {
45 : Clayey Silt to Silty Clay v very stiff k \
Clayey Silt to Silty Clay very stiff } /
Sandy Silt to Clayey Silt ML very loose l {
Clayey Silt to Silty Clay ML/CL very stiff { k
Sandy Silt to Clayey Silt ML very loose f (
50 ] Sandy Silt to Clayey Silt very loose ) 5
55 —

END OF SOUNDING AT 50 ft.
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Repower Project - Heber, CA Project 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(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) Qc1n Fines Dr (%) (deg.) (tsf) OCR
0.15 0.5 60.03 169.32  Overconsolidated Soil ?7? very dense 120 60 113.5 100 119 45

0.30 1.0 77.82 5.97 Overconsolidated Soil 7 very dense 120 78 1471 55 110 43

045 15 91.98 5.31 Overconsolidated Soil ?7? very dense 120 92 173.9 50 107 43

060 20 12994 3.78 Sandy Silt to Clayey Silt ML very dense 115 37 2456 35 113 44

075 25 119.62 3.1 Sandy Silt 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 25 108 43

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

123 40 13935 2.04 Silty Sand to Sandy Silt SM/ML very dense 115 31 263.4 20 104 43

1.38 45 14485 2.01 Silty Sand to Sandy Silt SM/ML very dense 115 32 273.8 20 103 42

153 50 113.08 224 Silty Sand to Sandy Silt SM/ML very dense 115 25 208.9 25 94 41

168 55 52.70 3.38 Clayey Silt to 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
1.98 6.5 15.08 5.36 Clay CL/CH stiff 125 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 8.0 12.25 3.27 Silty Clay to Clay CL stiff 125 7 90 0.69 >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 11 95 0.77 >10
290 95 14.76 4.97 Clay CL/CH stiff 125 12 95 0.84 >10
3.05 10.0 15.04 5.19 Clay CL/CH stiff 125 12 100 0.85 >10
320 105 17.24 5.61 Clay CL/CH stiff 125 14 100 0.98 >10
335 11.0 17.82 5.31 Clay CL/CH very stiff 125 14 95 1.02 >10
350 115 16.22 4.53 Clay CL/CH stiff 125 13 95 0.92 >10
365 120 1459 4.45 Clay CL/CH stiff 125 12 100 0.82 >10
380 125 1595 4.89 Clay CL/CH stiff 125 13 100 0.90 >10
395 13.0 16.10 5.07 Clay CL/CH stiff 125 13 100 0.91 >10
413 135 20.52 5.55 Clay CL/CH very stiff 125 16 95 1.17 >10
428 140 2248 5.55 Clay CL/CH very stiff 125 18 95 1.28 >10
443 145 20.89 5.42 Clay CL/CH very stiff 125 17 100 1.19 >10
458 150 17.79 5.37 Clay CL/CH very stiff 125 14 100 1.01 >10
473 155 1947 5.86 Clay CL/CH very stiff 125 16 100 1.10 >10
488 16.0 19.76 5.77 Clay CL/CH very stiff 125 16 100 1.12 >10
503 16,5 2253 5.91 Clay CL/CH very stiff 125 18 100 1.28 >10
518 17.0 21.67 5.09 Clay CL/CH very stiff 125 17 100 1.23 >10
533 175 2215 5.77 Clay CL/CH very stiff 125 18 100 1.26 >10
548 18.0 2143 6.10 Clay CL/CH very stiff 125 17 100 1.21 >10
565 185  21.56 5.34 Clay CL/CH very stiff 125 17 100 1.22 >10
580 19.0 2273 5.72 Clay CL/CH very stiff 125 18 100 1.29 >10
595 195 30.63 5.48 Clay CL/CH very stiff 125 25 90 1.75 >10
6.10 20.0 1795 6.14 Clay CL/CH 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 6.99 Clay CL/CH stiff 125 13 100 0.93 6.76
6.55 215 26.75 7.44 Clay CL/CH very stiff 125 21 100 1.52 >10
6.70 220 2817 6.81 Clay CL/CH 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 2137 6.84 Clay CL/CH very stiff 125 17 100 1.20 9.19
733 240 2423 5.98 Clay CL/CH very stiff 125 19 100 1.37 >10
748 245 27.09 6.88 Clay CL/CH very stiff 125 22 100 1.54 >10
763 250 2397 6.46 Clay CL/CH very stiff 125 19 100 1.35 >10
778 255 2590 6.98 Clay CL/CH very stiff 125 21 100 1.46 >10
793 26.0 2480 6.17 Clay CL/CH very stiff 125 20 100 1.40 >10
8.08 265 2294 5.66 Clay CL/CH very stiff 125 18 100 1.29 8.85
823 270 2228 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
853 280 2413 6.05 Clay CL/CH very stiff 125 19 100 1.36 9.00
8.68 285 28.28 5.86 Clay CL/CH very stiff 125 23 100 1.60 >10
8.85 29.0 26.02 5.73 Clay CL/CH very stiff 125 21 100 1.46 >10
9.00 295 28.06 6.01 Clay CL/CH very stiff 125 22 100 1.58 >10
915 30.0 29.72 6.57 Clay CL/CH very stiff 125 24 100 1.68 >10
9.30 305 2855 6.41 Clay CL/CH very stiff 125 23 100 1.61 >10
945 31.0 31.07 6.84 Clay CL/CH very stiff 125 25 100 1.76 >10
960 315 3471 6.59 Clay CL/CH very stiff 125 28 100 1.97 >10
975 320 3527 6.25 Clay CL/CH hard 125 28 100 2.00 >10
9.90 325 37.01 5.65 Clay CL/CH hard 125 30 100 2.10 >10
10.05 33.0 3237 5.31 Clay CL/CH very stiff 125 26 100 1.83 >10
1020 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
10.53 345 34.16 5.42 Clay CL/CH very stiff 125 27 100 1.93 >10
10.68 35.0 31.53 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
10.98 36.0 28.08 6.21 Clay CL/CH very stiff 125 22 100 1.57 8.14
1113 36.5 28.95 4.94 Clay CL/CH very stiff 125 23 100 1.62 8.41
11.28 37.0 23.74 5.43 Clay CL/CH very stiff 125 19 100 1.32 5.88
1143 375 24.03 5.19 Clay CL/CH very stiff 125 19 100 1.33 5.88
1158 38.0 28.73 5.16 Clay CL/CH very stiff 125 23 100 1.61 7.70
11.73 38,5 29.89 5.19 Clay CL/CH very stiff 125 24 100 1.68 8.14




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

Project: Heber 2 Repower Project - Heber, CA Project 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(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) Qc1n Fines Dr (%) (deg.) (tsf) OCR
11.88 39.0 29.55 505 Clay CL/CH very stiff 125 24 100 1.65 7.85
12.05 39.5 25.32 4.72 Clay CL/CH very stiff 125 20 100 1.40 5.88
1220 40.0 22.19 4.46 Clay CL/CH very stiff 125 18 100 1.22 4.68
1235 405 2443 4.30 Silty Clay to Clay CL very stiff 125 14 100 1.35 7.00
1250 410 2485 3.66 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.37 >10
12.65 415 21.29 3.25 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.16 7.41
12.80 42.0 19.81 3.04 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.08 6.43
1295 425 18.87 279 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 1.06 6.10
13.25 435 21.70 2.84 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.18 7.13
1340 440 2224 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.22 7.27
13.58 445 2252 278 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 7.41
13.73 450 25.15 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 8.85
13.88 455  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 22.65 243 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.24 7.00
14.33 47.0 20.81 1.98 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 6 15.4 100 17 30
14.63 48.0 22.61 2.50 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 6.65
14.78 485  20.83 2.13 Sandy Silt to Clayey Silt ML very loose 115 6 15.5 100 17 30
1493 490 2093 227 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.13 5.76
15.10 49.5  20.67 2.1 Sandy Silt to Clayey Silt ML very loose 115 6 15.3 100 17 30
15.25 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

CONE PENETROMETER:

PROJECT: Heber 2 Repower Project - Heber, CA

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

LOCATION: See Site and Boring Location Plan DATE: 12/20/2004
CONE SOUNDING DATA CPT-3
R INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
3 From Robertson and Campanella (1989
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

Project: Heber 2 Repower Project - Heber, CA Project No: LE19075 Date: 12/20/2004
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 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) Qc1n Fines Dr (%) (deg.) (tsf) OCR
0.15 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 40.35 6.79 Clay CL/CH hard 125 32 75 2.37 >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 Silt ML very dense 115 31 207.3 35 104 43

093 3.0 11860 2.64 Silty Sand to Sandy Silt SM/ML very dense 115 26 224.2 30 103 42

1.08 35 127.70 243 Silty Sand to Sandy Silt SM/ML very dense 115 28 2414 25 103 42

123 40 13115 2.02 Silty Sand to Sandy Silt SM/ML very dense 115 29 247.9 25 102 42

1.38 45  147.55 1.96 Silty Sand to Sandy Silt SM/ML very dense 115 33 278.9 20 103 42

153 50 148.38 2.05  Silty Sand to Sandy Silt SM/ML very dense 115 33 271.7 20 102 42

168 55 11144 2.28 Silty Sand to Sandy Silt SM/ML very dense 115 25 194.4 25 92 41

1.83 6.0 40.17 4.02 Clayey Silt to Silty Clay ML/CL hard 120 16 60 2.34 >10
1.98 6.5 13.36 5.18 Clay CL/CH stiff 125 11 100 0.76 >10
213 7.0 13.22 565 Clay CL/CH stiff 125 11 100 0.75 >10
228 75 7.68 485  Clay CL/CH firm 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 stiff 125 6 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 stiff 125 9 100 0.61 8.27
3.05 10.0 14.61 6.36 Clay CL/CH stiff 125 12 100 0.83 >10
320 105 1497 5.91 Clay CL/CH stiff 125 12 100 0.85 >10
335 11.0 14.49 6.53 Clay CL/CH stiff 125 12 100 0.82 >10
350 115 1594 5.42 Clay CL/CH stiff 125 13 100 0.90 >10
365 120 14.15 5.01 Clay CL/CH stiff 125 11 100 0.80 >10
380 125 20.31 5.15  Clay CL/CH very stiff 125 16 95 1.16 >10
395 13.0 23.81 5.79 Clay CL/CH very stiff 125 19 95 1.36 >10
413 135 1835 6.42 Clay CL/CH very stiff 125 15 100 1.04 >10
428 140 18.13 6.73 Clay CL/CH very stiff 125 15 100 1.03 >10
443 145 19.70 6.56 Clay CL/CH very stiff 125 16 100 1.12 >10
458 15.0 18.07 5.71 Clay CL/CH 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 16,5 13.49 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/CH stiff 125 13 100 0.91 8.27
548 18.0 19.16 5.98 Clay CL/CH very stiff 125 15 100 1.08 >10
565 185 1549 6.80 Clay CL/CH stiff 125 12 100 0.86 7.13
580 19.0 15.81 6.89 Clay CL/CH stiff 125 13 100 0.88 7.13
595 195 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 0.97 7.85
6.25 205 13.28 5.76 Clay CL/CH stiff 125 11 100 0.73 4.89
640 21.0 11.14 6.84 Clay CL/CH stiff 125 9 100 0.60 3.58
6.55 215 1248 7.40 Clay CL/CH stiff 125 10 100 0.68 4.18
6.70 220 1492 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 0.99 7.00
7.00 23.0 2145 7.34 Clay CL/CH very stiff 125 17 100 1.21 9.59
718 235 2458 7.84 Clay CL/CH very stiff 125 20 100 1.39 >10
733 240 5165 3.68 Clayey Silt to Silty Clay ML/CL hard 120 21 70 2.98 >10
748 245 3437 4.91 Clay CL/CH very stiff 125 27 90 1.96 >10
763 250 18.84 5.44 Clay CL/CH very stiff 125 15 100 1.05 6.76
778 255 21.09 6.11 Clay CL/CH very stiff 125 17 100 1.18 8.00
793 26.0 26.12 5.49 Clay CL/CH very stiff 125 21 100 1.48 >10
8.08 265 26.28 5.55 Clay CL/CH very stiff 125 21 100 1.48 >10
823 270 21.92 5.06 Clay CL/CH very stiff 125 18 100 1.23 7.85
8.38 275 2363 6.15  Clay CL/CH very stiff 125 19 100 1.33 8.85
853 28.0 2049 6.07 Clay CL/CH very stiff 125 16 100 1.14 6.65
868 285 19.11 5.87 Clay CL/CH very stiff 125 15 100 1.06 5.88
885 29.0 18.15 5.24 Clay CL/CH very stiff 125 15 100 1.00 5.21
9.00 295 21.72 6.18 Clay CL/CH very stiff 125 17 100 1.21 6.88
9.15 30.0 20.63 6.55  Clay CL/CH very stiff 125 17 100 1.15 6.21
9.30 305 2290 7.51 Clay CL/CH very stiff 125 18 100 1.28 713
945 31.0 20.57 6.23 Clay CL/CH very stiff 125 16 100 1.14 5.88
960 315 1955 6.90 Clay CL/CH very stiff 125 16 100 1.08 5.31
975 320 2376 8.37 Clay CL/CH very stiff 125 19 100 1.33 713
990 325 24.30 8.05 Clay CL/CH very stiff 125 19 100 1.36 7.27
10.05 33.0 22.78 6.54 Clay CL/CH very stiff 125 18 100 1.27 6.32
1020 335 21.56 5.91 Clay CL/CH very stiff 125 17 100 1.19 5.76
10.38 34.0 20.82 6.40 Clay CL/CH very stiff 125 17 100 1.15 5.31
10.53 345 21.17 6.04 Clay CL/CH very stiff 125 17 100 1.17 5.31
10.68 35.0 24.71 6.05 Clay CL/CH very stiff 125 20 100 1.38 6.65
10.83 355 23.14 5.91 Clay CL/CH very stiff 125 19 100 1.28 5.88
10.98 36.0 19.96 5.21 Clay CL/CH very stiff 125 16 100 1.10 4.57
11.13 36.5 19.03 4.88 Clay CL/CH very stiff 125 15 100 1.04 4.18
11.28 37.0 16.19 4.33 Clay CL/CH stiff 125 13 100 0.87 3.28
1143 375 16.02 5.36 Clay CL/CH stiff 125 13 100 0.86 3.14
1158 38.0 16.15 5.06 Clay CL/CH stiff 125 13 100 0.87 3.14
11.73 385  17.81 4.75 Clay CL/CH stiff 125 14 100 0.96 3.50




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

Project: Heber 2 Repower Project - Heber, CA Project No: LE19075 Date: 12/20/2004
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 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) Qc1n Fines Dr (%) (deg.) (tsf) OCR
1188 39.0 2166 4.41 Silty Clay to Clay CcL very stiff 125 12 100 1.19 6.00
12.05 39.5 20.18 3.42 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.10 7.13
1220 40.0 17.00 2.62 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.91 5.31
1235 405 20.64 4.32 Silty Clay to Clay CL very stiff 125 12 100 1.13 5.31
1250 410 3391 4.01 Clayey Silt to Silty Clay ML/CL very stiff 120 14 100 1.91 >10
12.65 415 31.64 4.64 Silty Clay to Clay CL very stiff 125 18 100 1.77 >10
12.80 42.0 23.58 3.56 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.30 8.70
1295 425 2497 3.28 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 9.79
13.10 43.0 19.07 2.7 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.03 5.88
13.25 435 18.86 2.98 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.65
1340 44.0 19.54 3.20 Clayey Silt 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 CL very stiff 125 11 100 1.04 4.18
13.73 45.0 19.79 3.86 Silty Clay to Clay CcL 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 7 100 0.94 4.78
14.03 46.0 16.42 2.18 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.87 4.18
1418 46,5 15.61 2.35  Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.82 3.74
14.33 47.0 16.68 1.80 Sandy Silt to Clayey Silt ML very loose 115 5 12.5 100 11 30
1448 475 18.25 1.80 Sandy Silt to Clayey Silt ML very loose 115 5 13.7 100 14 30
14.63 48.0 19.39 243 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.04 5.21
14.78 485  19.39 3.87 Silty Clay to Clay CL very stiff 125 11 100 1.04 3.83
1493 490 19.13 2.69 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 4.89
15.10 495 16.46 1.59 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 Silty Clay ML/CL stiff 120 7 100 0.89 3.91




CLIENT: Ormat Nevada Inc

CONE PENETROMETER:

PROJECT: Heber 2 Repower Project - Heber, CA

LOCATION: See Site and Boring Location Plan

DATE:

Middle Earth Geotesting Truck Mounted Electric

Cone with 23 ton reaction weight

5/2/2007

CONE SOUNDING DATA CPT-4

% INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
S From Robertson 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: LE19075

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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
0.15 0.5 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 Silt ML very dense 115 25 166.7 35 114 44

045 15 77.73 1.95 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 21 174.9 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 3.0 77.68 2.40 Silty Sand to Sandy Silt SM/ML very dense 115 17 146.8 35 91 41

1.08 35 74.47 2.39 Sandy Silt to Clayey Silt ML dense 115 21 140.8 35 88 40

123 40 52.73 2.83 Sandy Silt to Clayey Silt ML dense 115 15 99.7 45 75 39

1.38 45 18.49 5.55 Clay CL/CH very stiff 125 15 90 1.07 >10
153 5.0 13.75 5.02 Clay CL/CH stiff 125 11 100 0.79 >10
168 55 12.39 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
1.98 6.5 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 5.71 Clay CL/CH stiff 125 13 95 0.95 >10
245 8.0 17.99 5.72 Clay CL/CH very stiff 125 14 95 1.03 >10
260 85 18.67 5.21 Clay CL/CH very stiff 125 15 90 1.07 >10
275 9.0 19.02 5.07 Clay CL/CH very stiff 125 15 90 1.09 >10
290 95 20.58 4.59 Clay CL/CH very stiff 125 16 85 1.18 >10
3.05 10.0 17.46 4.91 Clay CL/CH stiff 125 14 90 1.00 >10
320 105 1545 4.14 Clay CL/CH stiff 125 12 90 0.88 >10
335 11.0 1393 3.83 Silty Clay to Clay CL stiff 125 8 95 0.79 >10
350 115 13.83 4.23 Clay CL/CH stiff 125 11 100 0.78 >10
365 120 18.01 4.65 Clay CL/CH very stiff 125 14 95 1.02 >10
380 125 1870 5.93 Clay CL/CH very stiff 125 15 100 1.06 >10
395 13.0 18.01 5.35 Clay CL/CH very stiff 125 14 100 1.02 >10
413 135 17.39 5.15 Clay CL/CH stiff 125 14 100 0.99 >10
428 140 1493 5.20 Clay CL/CH stiff 125 12 100 0.84 9.59
443 145 1549 4.86 Clay CL/CH stiff 125 12 100 0.87 >10
458 150 18.22 4.65 Clay CL/CH very stiff 125 15 100 1.03 >10
473 155 2211 4.64 Clay CL/CH very stiff 125 18 90 1.26 >10
488 16.0 19.85 4.92 Clay CL/CH very stiff 125 16 100 1.13 >10
503 165 19.77 4.96 Clay CL/CH 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 1764 5.69 Clay CL/CH stiff 125 14 100 0.99 9.79
548 18.0 2550 4.80 Clay CL/CH very stiff 125 20 90 1.45 >10
565 185 3247 3.36 Clayey Silt to Silty Clay ML/CL very stiff 120 13 75 1.86 >10
580 19.0 13.48 4.36 Clay CL/CH stiff 125 11 100 0.75 5.53
595 195 1841 4.55 Clay CL/CH very stiff 125 15 100 1.03 9.00
6.10 20.0 2207 5.36 Clay CL/CH 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 1.49 >10
6.55 215 2324 6.19 Clay CL/CH very stiff 125 19 100 1.31 >10
6.70 220 2266 5.55 Clay CL/CH very stiff 125 18 100 1.28 >10
6.85 225 26.25 6.97 Clay CL/CH very stiff 125 21 100 1.49 >10
700 23.0 25.11 6.17 Clay CL/CH very stiff 125 20 100 1.42 >10
718 235 2218 6.48 Clay CL/CH very stiff 125 18 100 1.25 >10
733 240 21.09 6.24 Clay CL/CH very stiff 125 17 100 1.18 8.70
748 245 2354 7.51 Clay CL/CH very stiff 125 19 100 1.33 >10
763 250 21.31 6.90 Clay CL/CH very stiff 125 17 100 1.19 8.41
778 255 18.21 6.87 Clay CL/CH very stiff 125 15 100 1.01 6.21
793 260 1591 6.78 Clay CL/CH stiff 125 13 100 0.88 4.89
8.08 265 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
8.38 275 14.49 5.56 Clay CL/CH stiff 125 12 100 0.79 3.91
853 28.0 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 29.0 20.59 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 44.48 3.37 Clayey Silt to Silty Clay ML/CL hard 120 18 75 2.55 >10
9.30 305 27.03 5.86 Clay CL/CH very stiff 125 22 100 1.52 9.79
945 31.0 24.88 4.56 Clay CL/CH very stiff 125 20 100 1.39 8.14
960 315 1785 4.68 Clay CL/CH stiff 125 14 100 0.98 4.57
975 320 2143 4.98 Clay CL/CH very stiff 125 17 100 1.19 6.00
990 325 19.94 5.01 Clay CL/CH very stiff 125 16 100 1.10 5.21
10.05 33.0 21.67 6.03 Clay CL/CH very stiff 125 17 100 1.20 5.88
1020 335 17.09 5.96 Clay CL/CH stiff 125 14 100 0.93 3.91
10.38 34.0 13.75 5.92 Clay CL/CH stiff 125 11 100 0.73 2.91
10.53 345 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 0.97 3.91
10.83 355 19.50 4.45 Clay CL/CH very stiff 125 16 100 1.07 4.47
10.98 36.0 20.06 4.23 Silty Clay to Clay CL very stiff 125 11 100 1.10 6.00
1113 36.5 23.73 5.01 Clay CL/CH very stiff 125 19 100 1.32 6.00
11.28 37.0 26.37 5.33 Clay CL/CH very stiff 125 21 100 1.47 6.88
1143 375 29.22 5.23 Clay CL/CH very stiff 125 23 100 1.64 8.14
1158 38.0 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 very stiff 120 11 100 1.46 >10




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

Project: Heber 2 Repower Project - Heber, CA Project No: LE19075 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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
11.88 39.0 24.98 3.19 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.39 >10
12.05 39.5 23.62 3.00 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.30 >10
1220 40.0 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
12.65 415 2254 2.42 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.24 8.27
12.80 42.0 23.41 3.23 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.29 8.70
1295 425 22.05 3.08 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.21 7.70
1310 43.0 2146 278 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.17 7.13
1325 435 22.21 3.76 Silty Clay to Clay CL very stiff 125 13 100 1.21 5.42
1340 440 22.69 3.76 Silty Clay to Clay CL very stiff 125 13 100 1.24 5.53
13.58 445  25.69 2.81 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.42 9.59
13.73 45.0 26.50 2.66 Clayey Silt to Silty Clay ML/CL very stiff 120 11 100 1.46 >10
13.88 455 25.22 2.66 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.39 8.85
14.03 46.0 24.83 3.10 Clayey Silt to Silty Clay ML/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
1433 470 1943 2.64 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.05 5.31
1448 475 2240 3.03 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.22 6.65
14.63 48.0 23.12 275 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.26 7.00
14.78 485  18.94 1.38 Sandy Silt to Clayey Silt ML very loose 115 5 141 100 15 30
14.93 49.0 18.77 1.78 Sandy Silt to Clayey Silt ML very loose 115 5 13.9 100 14 30
15.10 49.5  21.59 273 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.17 6.00

1525 50.0  23.82 3.12 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.30 6.88




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 ton reaction weight

5/2/2007

CONE SOUNDING DATA CPT-5

R INTERPRETED SOIL PROFILE Tip Resistance (tsf) Sleeve Friction (tsf) Friction Ratio
3 From Robertson and Campanella (1989
T GROUND ELEVATION +/- 100 200 300 400 O 2 4 6 8 10 0 2 4 6 8
| Silty Sand to Sandy Silt SM/ML  very dense \> \5 \\
Silty Sand to Sandy Silt "o very dense ( e
Sand to Silty Sand SP/SM very dense
Silty Sand to Sandy Silt ~ SM/ML  dense
5 |cay CL/ICH very stiff 1 e =
Clay " firm ( / ?
Tciay "o stiff 1 \ gl
“ctay norstiff ) ) g
Tciay "o il \ \ 'd
10 : Clay "o very stiff ] f )/
Sity Clay to Clay cL stiff / / 7
“sity Clay to clay no sttt @ { 2
] Silty Clay to Clay "o very stiff 2 P ?
ey CLICH  very stiff | { 2
15 : Clay e very stiff ) ) f
Clay e very stiff 2 } S
] Clay "o very stiff ) S g
] Clay "o very stiff } 1 é
B Clay o very stiff f / >
2 : Clay o very stiff k \ %
Clay "o very stiff ] ? 8
] Clay "o very stiff I( / i
Tciay no il 3
“sity Clay to clay cL hard > D =
2 : Clay CLICH  very stiff C < 2
Clay " very stiff [ ( ?
B Clay e very stiff X l 5
B Clay " very stiff ’ 1 L
] Clay "o very stiff I ) )
30 : Clay " very stiff ‘5 \ é
Clay e very stiff ( ) 7>
B Clay " very stiff I } }
] Clay "o very stiff } 1 ((
7 Clay " very stiff { l X
35 : Clay o very stiff ‘ P /
| Silty Clay to Clay CL very stiff ) z <
Silty Clay to Clay "o very stiff ) ) 5
] Silty Clay to Clay "o very stiff I {
Clayey Silt to Silty Clay ML/CL very stiff ) )
2 : Clayey Silt to Silty Clay " very stiff g ( {
Clayey Silt to Silty Clay " hard > \
] Clayey Silt to Silty Clay " very stiff é 2, <(>
] Clayey Silt to Silty Clay "o very stiff ( <
] Clayey Silt to Silty Clay " very stiff ) / /
45 : Clayey Silt to Silty Clay "o very stiff <
Clayey Silt to Silty Clay " very stiff l /
] Clayey Silt to Silty Clay "o very stiff \ \
“lciayey sitto sty clay ~ * stiff ] S
Sandy Silt to Clayey Silt ML very loose k , />
50 Clayey Silt to Silty Clay ML/CL stiff (( I
55 —

END OF SOUNDING AT 50 ft.
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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 (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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
0.15 0.5 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 SM/ML very dense 115 27 2275 30 124 45

045 15 72.28 2.13 Silty Sand to Sandy Silt SM/ML very dense 115 16 136.6 30 101 42

060 20 116.67 1.12 Sand to Silty Sand SP/SM very dense 115 21 220.6 15 110 43

075 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 SM/ML very dense 115 26 2214 20 104 42

1.08 35 81.23 212 Silty Sand to Sandy Silt SM/ML 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 1411 30 86 40

1.38 45 34.90 3.90 Clayey Silt to Silty Clay ML/CL hard 120 14 60 2.04 >10
153 5.0 13.76 5.45 Clay CL/CH stiff 125 11 100 0.79 >10
168 55 7.57 7.44 Clay CL/CH firm 125 6 100 0.43 >10
183 6.0 5.99 6.88 Clay CL/CH firm 125 5 100 0.33 6.10
1.98 6.5 9.47 4.51 Clay CL/CH stiff 125 8 100 0.54 >10
213 7.0 11.69 4.84 Clay CL/CH stiff 125 9 100 0.66 >10
228 75 14.81 5.37 Clay CL/CH stiff 125 12 95 0.85 >10
245 8.0 13.05 5.28 Clay CL/CH stiff 125 10 100 0.74 >10
260 85 13.41 5.40 Clay CL/CH stiff 125 11 100 0.76 >10
275 9.0 15.40 5.21 Clay CL/CH stiff 125 12 95 0.88 >10
290 95 18.24 4.66 Clay CL/CH very stiff 125 15 85 1.04 >10
3.05 10.0 17.49 4.50 Clay CL/CH stiff 125 14 90 1.00 >10
320 105 16.07 4.15 Clay CL/CH stiff 125 13 90 0.91 >10
335 11.0 1334 3.48 Silty Clay to Clay CL stiff 125 8 95 0.75 >10
350 115 1252 3.24 Silty Clay to Clay CL stiff 125 7 95 0.70 >10
3.65 12.0 18.93 3.91 Silty Clay to Clay CL very stiff 125 11 85 1.08 >10
380 125 3115 4.38 Silty Clay to Clay CL very stiff 125 18 75 1.80 >10
395 13.0 19.46 4.78 Clay CL/CH very stiff 125 16 95 1.1 >10
413 135 17.74 4.74 Clay CL/CH very stiff 125 14 100 1.01 >10
428 140 17.58 4.34 Clay CL/CH stiff 125 14 95 1.00 >10
443 145 21.21 5.18 Clay CL/CH very stiff 125 17 95 1.21 >10
458 150 2043 4.83 Clay CL/CH very stiff 125 16 95 1.16 >10
473 155 20.79 4.75 Clay CL/CH very stiff 125 17 95 1.18 >10
488 16.0 18.89 5.75 Clay CL/CH very stiff 125 15 100 1.07 >10
503 16,5 23.41 4.88 Clay CL/CH very stiff 125 19 95 1.33 >10
518 17.0 23.59 5.34 Clay CL/CH very stiff 125 19 95 1.34 >10
533 175 2327 4.98 Clay CL/CH very stiff 125 19 95 1.32 >10
548 18.0 2219 5.13 Clay CL/CH very stiff 125 18 100 1.26 >10
565 185  20.81 5.10 Clay CL/CH very stiff 125 17 100 1.18 >10
580 19.0 15.78 4.92 Clay CL/CH stiff 125 13 100 0.88 7.13
595 195 16.06 5.23 Clay CL/CH stiff 125 13 100 0.90 7.00
6.10 20.0 22.81 6.58 Clay CL/CH very stiff 125 18 100 1.29 >10
6.25 205 28.53 6.30 Clay CL/CH very stiff 125 23 100 1.63 >10
640 21.0 2899 6.06 Clay CL/CH very stiff 125 23 100 1.65 >10
6.55 215 2482 6.26 Clay CL/CH very stiff 125 20 100 1.41 >10
6.70 220 1848 5.79 Clay CL/CH very stiff 125 15 100 1.03 7.70
6.85 225 1841 5.89 Clay CL/CH very stiff 125 15 100 1.03 7.41
7.00 23.0 1596 6.46 Clay CL/CH stiff 125 13 100 0.88 5.76
7.18 235  46.63 4.62 Silty Clay to Clay CL hard 125 27 75 2.69 >10
733 240 47.09 4.48 Silty Clay to Clay CL hard 125 27 75 2.71 >10
748 245 2327 4.67 Clay CL/CH very stiff 125 19 100 1.31 >10
763 250 21.09 5.34 Clay CL/CH very stiff 125 17 100 1.18 8.27
778 255 21.71 5.85 Clay CL/CH very stiff 125 17 100 1.22 8.41
793 26.0 19.90 5.47 Clay CL/CH very stiff 125 16 100 1.1 7.00
8.08 265 20.78 5.59 Clay CL/CH very stiff 125 17 100 1.16 7.41
823 270 2198 5.44 Clay CL/CH very stiff 125 18 100 1.23 8.00
838 275 2073 5.53 Clay CL/CH very stiff 125 17 100 1.16 6.88
853 280 20.36 5.62 Clay CL/CH very stiff 125 16 100 1.13 6.54
868 285 19.99 6.11 Clay CL/CH very stiff 125 16 100 1.1 6.21
885 29.0 1833 5.49 Clay CL/CH very stiff 125 15 100 1.01 5.31
9.00 295 17.78 6.27 Clay CL/CH stiff 125 14 100 0.98 4.89
9.15 30.0 29.76 5.16 Clay CL/CH very stiff 125 24 100 1.68 >10
9.30 305 2536 6.14 Clay CL/CH very stiff 125 20 100 1.42 8.56
945 31.0 25.65 6.08 Clay CL/CH very stiff 125 21 100 1.44 8.56
960 315 2499 6.11 Clay CL/CH very stiff 125 20 100 1.40 8.00
975 320 2442 5.93 Clay CL/CH very stiff 125 20 100 1.37 741
990 325 25.69 5.42 Clay CL/CH very stiff 125 21 100 1.44 8.00
10.05 33.0 26.43 5.06 Clay CL/CH very stiff 125 21 100 1.48 8.27
1020 335 24.95 5.31 Clay CL/CH very stiff 125 20 100 1.39 7.27
10.38 34.0 22.88 5.62 Clay CL/CH very stiff 125 18 100 1.27 6.21
10.53 34,5 2551 5.40 Clay CL/CH very stiff 125 20 100 1.42 7.27
10.68 35.0 27.31 4.56 Silty Clay to Clay CL very stiff 125 16 100 1.53 >10
10.83 355  30.04 4.55 Silty Clay to Clay CL very stiff 125 17 100 1.69 >10
10.98 36.0 29.52 4.52 Silty Clay to Clay CL very stiff 125 17 100 1.66 >10
1113 36.5 30.25 4.64 Silty Clay to Clay CL very stiff 125 17 100 1.70 >10
11.28 37.0 29.39 4.68 Silty Clay to Clay CL very stiff 125 17 100 1.65 >10
1143 375 27.60 4.22 Silty Clay to Clay CL very stiff 125 16 100 1.54 >10
11.58 38.0 27.92 4.1 Silty Clay to Clay CL very stiff 125 16 100 1.56 >10
11.73 38.5 2857 3.77 Clayey Silt 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 Repower Project - Heber, CA Project No: LE19075 Date: 5/2/2007
CONE SOUNDING: CPT-5
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 Soil Density or Density SPT Norm. % Dens. Phi Su

(m) (ft) Qc, tsf Ratio, % Classification USCS Consistency (pcf) N(60) Qc1n Fines Dr (%) (deg.) (tsf) OCR
11.88 39.0 2462 3.37 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.36 >10
12.05 39.5 22.28 3.04 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 8.70
1220 40.0 24.64 3.45 Clayey Silt to Silty Clay ML/CL 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
12.65 415 3237 3.75 Clayey Silt to Silty Clay ML/CL very stiff 120 13 100 1.82 >10
12.80 420 2275 3.82 Silty Clay to Clay CL very stiff 125 13 100 1.25 6.00
1295 425 2278 3.20 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.25 8.14
13.10 43.0 19.79 3.62 Silty Clay to Clay CL very stiff 125 11 100 1.07 4.57
13.25 435 23.86 3.91 Silty Clay to Clay CL very stiff 125 14 100 1.31 6.10
1340 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 23.46 265  Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.29 8.00
13.73 450 2113 2.78 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.15 6.54
13.88 455 19.10 2.73 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.03 5.42
14.03 46.0 19.63 223 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.65
1418 465 18.74 212 Clayey Silt to Silty Clay ML/CL very stiff 120 7 100 1.01 5.10
1433 470 1893 2.49 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.10
1448 475 18.85 242 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 stiff 120 7 100 0.93 4.37
1478 485  16.01 2.08 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3.74
1493 49.0 2091 1.36 Sandy Silt to Clayey Silt ML very loose 115 6 15.5 100 17 30
15.10 495 17.29 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 Silt to Silty Clay ML/CL stiff 120 6 100 0.71 3.00




Simplified Soil Classification Chart

Geotechnical Parameters from CPT Data:

After Robertson & Campanella (1989)

Equivalent SPT N(60) blow count = Qc/(Qc/N Ratio)

100C3 T - N1(60) = Cn*N(60) Normalized SPT blow count
90 f[ E Cn =1/(p'0)*0.5 < 1.6 max. from Liao & Whitman (1986)
7 N ] p'o = effective overburden pressure (tsf) using unit densities
- - -] - given below and estimated groundwater table.
o
f |00 Dr = Relative density (%) from Jamiolkowski et. al. (1986) relationship
n-'_ ] 3 = -98 +68*log(Qc/p'0"0.5) where Qc, p'o in tonne/sqm
a; n 3 Note: 1 tonne/sqm = 0.1024 tsf, 1 bar =1.0443 tsf
E . Phi = Friction Angle estimated from either:
g ] 1. Roberton & Campanella (1983) chart:
® 10 Phi = 5.3 + 24*(log(Qc/p'0))+3(log(Qc/p'o))"2
;" E 2. Peck, Hansen & Thornburn (1974) N-Phi Correlation
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
I 1 I I ] _ — . .
0 i 2 3 4 5 g OCR = Overconsolidation Ratio estimated from Schmertman (1978)
FRICTION &TIC (%] 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 X < XX
g .  =m===- Adopted relationship for Imperial Valley N
7 X All Imperial Valley Sites (Est. D50) [ a >>§ § L
6 ® Youd & Bennet )1983) Imperial Valley Sites ’( u
5 B Imperial Valley Sites with Lab D50
4 Eravelly Sand-to Sﬂnd
[ ] Sand
3 Sandto Sty Sand
Silty Sand to Sandy Silt,
2 | Sgndy St t(}% tayey Sift
%Iayey Silt to Silty Clay
1 : Sifty Cfay t6 Clay |
I Clay |
0 T 1
0.0001 0.001 0.01 0.1 1
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 (pcf) Qc/N Qc/N Pl (%) (mm) (tsf)  Consistency
1 Sensitive fine grained ML 120 2 2 NP-15 65-100 0.02 0-0.13  very soft
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 firm
4 Silty Clay to Clay CL 125 1.5 2 15-40 90-100 0.01 0.5-1.0 stiff
5 Clayey Silt to Silty Clay ML/CL 120 2 2.75 25-May ~ 90-100 0.02 1.0-2.0 very stiff
6 Sandy Silt to Clayey Silt ML 115 25 3.5 NP-10 65-100 0.04 >2.0  hard
7 Silty Sand to Sandy Silt SM/ML 115 3 5 NP 35-75 0.075 Dr (%) Relative Density
8 Sand to Silty Sand SP/SM 115 4 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 35-65 medium dense
1" 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
Geo-Engineers and Geologists
Plate
Project No: LE19075 Key to CPT Interpretation of Logs B-6
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Landmark Consultants, Inc.
AN]] ARK 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-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 — p—
) . 5 e 7 .
S~ / | |
4 4
6 6 < |
8 8 LS A 4 E
‘\ < During eakhgq. E
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%. 26 26 q .
8 28 h 28 < ‘ .
N |
>
30 30 L
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38 > 38 .
? > n
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2|8 o < -
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( 4 n
>
46 46 { .
48 48
50 50 T T T T T T T T .
50 100 0 2 4 6 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
08 1 1 1 1 1 1 1 1 1 1 11000_ 1 1 1 [ 1 1 1 1 IIII_
] Liquefaction 3 ] X
0.7 - i
] / T8 - i
0.6 / [ 8
-0 B g 100 E :_
R L B ] -
0 E | 5 b -
O o5 0] ] 5
* ] / i S . _
o ] / -2
=) L [ -
] i
% 0.4 / 6
8 ] 3 o
19} b o}
& ] / I =
2 037 L g
& / r 2
0.2 // I
] / B 0.1 1 10
0.1 i Normalized friction ratio (%)
:'__,.—F"'""-’ : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
k No Liq uefaction [ Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
T geometry
[ B L S L L L L BN L L B BRI B Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
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 brittleness/sensitivity, strain to peak undrained strength and ground geometry
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.clq



This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-1
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Input parameters and analysis data

Analysis method:

Fines correction method:

Points to test:

Earthquake magnitude M,,:
Peak ground acceleration:
Depth to water table (insitu): 8.00 ft

NCEER (1998)
NCEER (1998)
Based on Ic value
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Friction Ratio

CPT basic interpretation plots
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Depth to water table (erthq.): 8.00 ft
Average results interval:

Ic cut-off value:

Unit weight calculation:

Use fill:
Fill height:

3

2.60

Based on SBT
No

N/A
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Pore pressure

SBT Plot Soil Behaviour Type

I\ Insitu

0 5 10
u (psi)
Fill weight:
Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

15

N/A

Yes

Yes

Sands only
No

N/A

Clay jy_\sml»

Clay

Depth (ft)

2 3 4 012345678 9101112131415161718
Ic(SBT) SBT (Robertson et al. 1986)
SBT legend
[l 1. Sensitive fine grained [Il] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [] 5. Silty sand to sandy sitt  [[] 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained

CLiq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:33 AM
Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq



This software is licen

sed to: Landmark Consultants, Inc

CPT name: CPT-1

Estimation of post-earthquake settlements

Cone resistance SBTn Plot . FS Plot
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qt (tsf) Ic (Robertson 1990) Factor of safety
Abbreviations
Qe ToFaI cone resistance (cone resistance q. corrected for pore water effects)
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Volumentric strain:

Post-liquefaction volumentric strain
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CLiq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:33 AM
Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq



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

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

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (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 0.71 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
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (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
27.72 119.14 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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (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

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

ev (%): Post-liquefaction volumentric strain

DF: e, depth weighting factor

Settlement: Calculated settlement
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AN]] ARK 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-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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CPT name: CPT-2
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Input parameters and analysis data

Analysis method: NCEER (1998)
Fines correction method: NCEER (1998)
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Points to test: Based on Ic value

Earthquake magnitude M,;:  7.00
Peak ground acceleration: 0.50
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Cone resistance

Estimation of post-earthquake settlements
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:: Post-earthquake settlement due to soil liquefaction ::

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (in)
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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(f)
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

Qtn,cs

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

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

e (%)

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

(ft)

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

Qtn,cs

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

e, (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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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Landmark Consultants, Inc.
AN]] ARK 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
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a
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Normalized CPT penetration resistance

0.1

1
Normalized friction ratio (%)

Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
geometry

Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
Zone C: Cyclic liquefaction and strength loss possible depending on soil plasticity,
brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT-3
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Input parameters and analysis data

Analysis method: NCEER (1998)
Fines correction method: NCEER (1998)
Points to test: Based on Ic value
Earthquake magnitude M,;:  7.00

Peak ground acceleration: 0.50

Depth to water table (insitu): 8.00 ft

Friction Ratio

CPT basic interpretation plots
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Depth to water table (erthq.): 8.00 ft
Average results interval:

RF (%)

Ic cut-off value:

Unit weight calculation:

Use fill:

Fill

height:

2 4 6 8

3
2.60
Based on SBT

No

N/A
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Pore pressure

I\ Insitu

0 5 10
u (psi)
Fill weight:
Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

15

N/A

Yes

Yes

Sands only
No

N/A

SBT Plot Soil Behaviour Type
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2
. Si "
6 Clay &si y
8
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Clay
16
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€ Clay &silty clay
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Ic(SBT) SBT (Robertson et al. 1986)
SBT legend
[l 1. Sensitive fine grained [Il] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [] 5. Silty sand to sandy sitt  [[] 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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Estimation of post-earthquake settlements
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Abbreviations
Qe Total cone resistance (cone resistance qc corrected for pore water effects)
I Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction

Volumentric strain: Post-liquefaction volumentric strain
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CPT name: CPT-3

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

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (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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CPT name: CPT-3

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

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (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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CPT name: CPT-3

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

Depth
(f)
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

Qtn,cs

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
71.31
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

e (%)

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

(ft)

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

Qtn,cs

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

e, (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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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Landmark Consultants, Inc.
AN]] ARK 780 N. 4th Sreet
El Centro, CA 92243
Geo-Engineers and Geologists

LIQUEFACTION ANALYSIS REPORT

Project title : Heber 2 Repower Project Location : Heber, CA
CPT file : CPT-4
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
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] / B 0.1 1 10
0.1 i Normalized friction ratio (%)
:'__,.—F"'""-’ : Zone A;: Cyclic liquefaction likely depending on size and duration of cyclic loading
k No Liq uefaction [ Zone A,: Cyclic liquefaction and strength loss likely depending on loading and ground
T geometry
[ B L S L L L B L L B LI BRI B Zone B: Liquefaction and post-earthquake strength loss unlikely, check cyclic softening
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 brittleness/sensitivity, strain to peak undrained strength and ground geometry
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CPT name: CPT-4

Cone resistance
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Input parameters and analysis data

Analysis method: NCEER (1998)
Fines correction method: NCEER (1998)

8

0

Depth (ft)

Points to test: Based on Ic value

Earthquake magnitude M,;:  7.00
Peak ground acceleration: 0.50

Depth to water table (insitu): 8.00 ft
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Depth to water table (erthq.): 8.00 ft

Friction Ratio

CPT basic interpretation plots
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Average results interval:
Ic cut-off value:
Unit weight calculation:

Use fill:

Fill height:

Based on SBT
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Pore pressure

SBT Plot Soil Behaviour Type

I\ Insitu

0 5 10
u (psi)
Fill weight:
Transition detect. applied:
K, applied:

Clay like behavior applied:
Limit depth applied:
Limit depth:

15

N/A

Yes

Yes

Sands only
No

N/A

T S

Q

Clay &silty clay

Depth (ft)

Clay &silty clay

Clay &silty clay

2 3 4 01234567 89101112131415161718
Ic(SBT) SBT (Robertson et al. 1986)

SBT legend

[l 1. Sensitive fine grained [Il] 4. Clayey silt to silty [] 7. Gravely sand to sand
[ 2. Organic material [] 5. Silty sand to sandy sitt  [[] 8. Very stiff sand to

. 3. Clay to silty clay . 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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This software is licensed to: Landmark Consultants, Inc CPT name: CPT-4

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
0 0 —.—7 0 0
2 — 2 . 2 2
4 4 . 4 4
6 6 6 6
8 \‘{ 8 E 8 8
)
10 ¢ 10 . 10 10
12 12 . 12 12
14 14 14 14
> [
16 16 . 16 16
18 18 18 18
20 <> 20 = 20 20
2 2 22 - . 22 22
£ 24 E 24 £ 24 E 24 £ 24
8¢ 8 2 | 8 8
28 é’ 28 28 . 28 28
30 — 30 30 = 30 30
< []
32 15 32 32 . 32 32
34 C 34 34 . 34 34
36 36 36 . 36 36
38 38 38 . 38 38
40 40 40 . 40 40
42 { 42 42 . 42 42
44 44 44 44 44
46 ) 46 46 = 46 46
>
48 48 48 48 48
{
50 LN 50 50— .—— 50— T T T T : 50
20 40 60 80 1 2 3 4 0 0.5 1 1.5 2 0 1 2 3 4 5 6 0 0.01 0.02 0.03
qt (tsf) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (in)
Abbreviations
Qe Total cone resistance (cone resistance qc corrected for pore water effects)
I Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
CLiq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:36 AM 21

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



This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-4

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

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) 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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) 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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(f)
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

Qtn,cs

83.85
79.22
73.46
70.72
69.28
71.27
80.79
85.73
83.35
78.90
76.77
83.16
91.55
88.91
84.65
80.48
80.96
79.49
79.84
83.63
77.11
69.37
69.62
72.01
78.40
79.74
69.32
53.50
53.74
63.34
72.80
77.80
81.33

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

e (%)

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

(ft)

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

Qtn,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

e, (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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: 0.04
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Landmark Consultants, Inc.
AN]] ARK 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-5
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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Cone resistance

Friction Ratio

CPT basic interpretation plots

Pore pressure

SBT Plot Soil Behaviour Type

0 - 0 — 0 — - -
X —— ) > i B Sity sand & sandy ‘an
\ - e
Y e L Sil & sandy sil
4 — 4 — 4 iity clay
6 \ 6 6
A 4
8 \ 8 / 8 I\ Insitu Clay
10 : 10 </ 10 \
12 ﬁ 12 —2 12 \ Clay &silty
14 14 14
16 3 16 é 16 \
) ? \
18 ( 18 2 18 Clay
20 20 74 20
P 1 \
22 ! — 22 - ~ 22 \ e
En — €y S €y £ Clay &silty clay
s 15 £ £ \ £
326 326 1 § 26 2
o o \ o
28 28 28
e‘<’ \ Clay
30 30 ‘? 30 lay
32 32 o 32
34 (s 34 (5 34 \\
36 2 36 36 \ gg &silty clay
38 38 38 p
( \ Clay &silty clay
40 \> 40 40 — \_,Iay
e ; \ Clay & ént clay
42 § 42 5' 42 Clay &silty clay
44 J 44 44 \
46 46 46
\ Clay &silty clay
48 48 ' 48 \
50 50 1+— T T 50 I B e
50 100 2 4 6 10 0 5 10 15 2 3 4 01234567 8 9101112131415161718
qt (tsf) Rf (%) u (psi) Ic(SBT) SBT (Robertson et al. 1986)
Input parameters and analysis data
Analysis method: NCEER (1998) Depth to water table (erthq.): Fill weight: N/A SBT | d
Fines correction method: NCEER (1998) Average results interval: Transition detect. applied:  Yes egen
Points to test: Based on Ic value  Ic cut-off value: K; applied: Yes [l 1. Sensitive fine grained [Il] 4. Clayey silt to silty [] 7. Gravely sand to sand
Earthquake magnitude M,;:  7.00 Unit weight calculation: Based on SBT Clay like behavior applied: ~ Sands only . X " " :
Peak ground acceleration‘?l 0.50 Use fill: Limit depth applied: No . 2. Organic Tnaterlal . 3. Silty sand to sa?dy sitt . 8. Very St!ff sand to-
Depth to water table (insitu): 8.00 ft Fill height: Limit depth: N/A B 3. Clay tosilty clay O 6. Clean sand tosilty sand [ 9. Very stiff fine grained
CLiq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:37 AM 26

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



This software is licensed to: Landmark Consultants, Inc

CPT name: CPT-5

Estimation of post-earthquake settlements

Cone resistance SBTn Plot FS Plot Strain plot Vertical settlements
0 — 0 —.—7 0 0
2 j 2 2 2
4 — 4 . 4 4
L]
6 6 6 6
8 S 8 l 8 8
Y =l
10 L 10 . 10 10
12 ~ 12 = 124 12 °
14 14 . 14 14
16 3 16 . 16 16
18 ) 18 . 18 18
C L]
20 ) 20 . 20 20
2 22 - 22 22
& ’\‘,» e & ! e & —
= 24 =24 = 24 =24 =24
= ( = = . = =
B2 ! 8 2 B2 8 2 B 2
o o a o o
28 28 28 = 28 28
30 r 30 30 . 30 30
32 32 32 . 32 32
34 (5 34 34 . 34 34
36 ? 36 36 . 36 36
38 38 38 38 38
40 ( 40 40 . 40 40
C—
— L]
42 = 4 42 4 42
N [
44 44 44 . 44 44
46 46 46 . 46 46
48 48 48 . 48 48
50 50 50 T —— 50 ; ; ; ; 50
50 100 1 2 3 4 0 0.5 1 1.5 2 0 1 2 3 4 5 0 0.02 0.04 0.06 0.08
qt (tsf) Ic (Robertson 1990) Factor of safety Volumentric strain (%) Settlement (in)
Abbreviations
Qe Total cone resistance (cone resistance qc corrected for pore water effects)
I Soil Behaviour Type Index
FS: Calculated Factor of Safety against liquefaction
Volumentric strain: Post-liquefaction volumentric strain
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:: Post-earthquake settlement due to soil liquefaction ::

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth Qtn,cs FS e (%) DF Settlement Depth Qtn,cs FS e, (%) DF Settlement
(ft) (in) (ft) (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 24.93 128.87 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 37.73 106.32 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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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(f)
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

Qtn,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

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

e (%)

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

(ft)

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

Qtn,cs

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

e, (%)

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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: 0.09
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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.
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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. A

Steven K. Williams, CEG
Senior Engineering Geologist

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.
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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.
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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 2.5¢m (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.
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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.
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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.
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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.
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Figure 1. Map of Regional Faults and Seismicity
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Table 1
FAULT PARAMETERS & DETERMINISTIC
ESTIMATES _OF PEAK GROUND ACICELERATION (P(_-)A)

| Distance Maximum | Avg Avg | Date of Largest . Est.
Fault Name or (mi) & Fault | Fault |Magnitude Slip Return Last Historic Site
Seismic Zone Direction | Type | Length | Mmax | Rate | Period | Rupture Event PGA
from Site | | (km) | (Mw) |(mmiyr)| (yrs) | (year) |>5.5M (year)| (g)
| Reference Notes: (1) | @@ @ | @ | & [ & [ @ L6 | ®
Imperial Valley Faults | |
Imperial 70 NE |A|B| 62 7.0 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 71 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 ‘ J '
- Superstition Hills J 85 NNW B A| 22 6.6 J 4 250 1987 6.5 1987 | 0.23
- Superstition Mtn. 15 NW |B|A| 23 6.6 5 500 | 1440 +/- | | 0.16
- Elmore 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 6.5 1942 | 0.08
- Anza Segment 51 NW |A|/A| 90 | 7.2 12 250 1918 6.8 1918 | 0.08
- Coyote Creek 53 NW |B|A| 40 6.8 4 175 1968 6.5 1968 | 0.07
- Whole Zone 15 NW |A|A| 245 7.5 - - | 0.25
Elsinore Fault System |
- Laguna Salada 16 SW (B|B| 67 70 3.5 336 | 70 1891 | 0.18
| - Coyote Segment 29 W B/A| 38 | 6.8 4 625 0.1
| - Julian Segment 55 WNV\IJI AlA| 75 | 71 5 340 0.08
| - Earthquake Valley | 67 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 74 25 220 |1690+/-| 6.5 1948 | 0.10
- Whole 8. Calif. Zone 45 NNW | A |A| 458 7.9 — --- | 1857 78 1857 | 0.13
Algodones 3E (Clc 74 | 70 | 01 |20000 0.10
1
|
|
|
|
|
_ |
Notes:

1. Jennings (1994) and CDMG (1996)
2. CDMG (1996), where Type A faults -- slip rate >5 mm/yr and well constrained paleoseismic data
Type B faults -- all other faults.
3. WGCEP (1995)
4. CDMG (1996) based on Wells & Coppersmith (1994)
5. 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)
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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

S p Near Source Factors | Seismic Coefficients
CBC Code | Soil Profile SEISTG DIS&.H}CG to
Editi T Source Critical
fhon ype Type Source Na Nv Ca Cv
Sp
} . 1 0.44 0.74
2001 (stifF soil) A <11.3 km 1.00 1.15

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:

(N 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 Nyeoy 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, Nj) 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 (SO,) 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 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 pef 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 III 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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New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2)

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
(Y 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 Il 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.

Landmark Consultants, Inc. Page 15



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

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.

Landmark Consultants, Inc. Page 16



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

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.

Landmark Consultants, Inc. Page 17



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

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 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 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.

Landmark Consultants, Inc. Page 18



APPENDIX A




= . -
! a4 o .
()2 — Ly$iten Bosd

_ 3 Tavekn .%\_»éi_‘ 3
t ]| il {5

. P H___ N Difimen & it Y
T aes =

B! E’Q | snreby | soa
\w seittin Bl Boee B9

? 418
ii;‘:lﬁ e "E Sopsr _© Shetioncdr |
Aol - ) e

% s EL el b oty fioad

tephiex
-3

Project Site

LANDMARK N

A-1

Geo-Engineers and Geologists

Project No.: LE04354 Vicinity Map




= DBE/MBE/SBE Company

Project No.: LE04354




Plate
A-3

Soil Survey Map

& DBE/MBE/SBE Company

LANDMARK
Geo-Engineers and Geolagists
Project No.: LE04354




Soil Survey of

IMPERIAL COUNTY
CALIFORNIA |
IMPERIAL VALLEY AREA

United States Department of Agriculture Soil Conservation Service
in cooperation with

University of California Agricultural Experiment Station
and

Imperial Irrigation District



SOIL SURVEY

.—~ENGINEERING INDEX PROPERTIES
Absence of an entry indicates that data wére not estimated)

TABLE 11

[The symbol > means more than.

102

>
1 4> > oo [TaRTe) o o omno nno nno
) - © M al N - o — oy oMo Mo —
T o o, 0y a. o a. o. o. o, [ [ 1 1 ot [ a. [ o,
~dc == == == == w0 n [Ta%Ts} [ n o oo o oo = o oo, =
A it —— —— = — zZN= NN = AN =
o nn N o n NN 0w I N
Rl S ot 11 11 11 =t =+ = =r sl - Mo MM Do m I WO M 1
SE lo P 1 [ [ [ [ ' ] v B i [ 1
oA e [ 11 11 10 nn nwn o 1 o cown 1 coun 1
ot mnm mm o m NERY E= E=E
-1 - S
o oo wn oo o N o n v Ta Tl " nwnn n
o 3% Nt oo —— o oo =) o oo nﬂ,nﬂow :_J o_znﬂon.u 0
=] [ 1t 1 11 [ 11 1 1 [ ]
') N o wmn [TaNVal o O loNe] ol o) o [Ta} 0w mn NN (=) w0 NN o
c o~ —— — - —— b~ e o~ ™~ [TaR-e Vo] 0 O \O o 0 00 N o
Ao V) [ ot s RN UV g PV PR R s PPt A B e b L R R
w oo oo o coo coo o coco =
w L no wno wnn no IS¥S oo <} coo coo o ococo o
vl O [Se}Ve] O < 0w - = —— o — —— —— — ——— —
.ol = 1 10 [ [ [ 11 =} 1 11 Pt 1 11 1
E no "o oo om oo oo — un nnn w0 NN n nnwn [T
o 3 I~ T ~ = Mo & =S o © Oy oovon e e
o = e e e i i i i ke o e e . o e i
[u] [eNal
P wn n oo N
o> o o oo — - © © oo Qo =3 o ocoo coco o coo o
v o — <3N I=3] [ 1t oo oo =} o coo ooco o coo o
(S —un —n wn N [eNw] - — - — — ——— —— — —— —
[ [ [ [s, %)Y wmn -
O el T T e e e
o o o -
<3 o o
o~ o — oo ooy oo co o o ooo Qoo o oo o)
= S ISH S o 1 S o oo o o c S o Scoo =} Soo o
—o — O — - oo —— —— — — ——— —— — ——— —
a o O o I =
"
1 o
LR R P v
@ c cc_ co oo co 11 oo [oX) o o ooco coo o coo o
. A ofe] oo
, E e
ol [ . ~ 3 =
o ! 1 ' [ 1
] < < <¢ < < <
ol m
R ) ~r - - - - - - ~
o = a1 ANt Ny =i VoRvat NoRVe] = © = = [ o -t~ o
o < 11 L 11 Tt [ i 1 T 1o 1 11 '
o <t <t < - < <z <t <t < < < <t <t < < < <
e o o e e e e e e S — S S S S i T S i o . o . s S S e S S S el i i LA e . e Bl i i D e -l i, i e . Ml el
A = =
i B4 vl
a o 11 -
L. S a o. ] = fanffont -] 14 )
m nn = s} (xS} = oo =
| r=1 o~ ]
ol c - - ~1 - - - - - - .
- = = == == o o, i . 12 J0 00 [ i I | = ol ol | =
1 N 727 [ R%] 0O OO = o o= o= 7] o= %}
o v 1 - ' Q 1> 1> ] S 1> 1 > [
oc o c 1o 1 2] 1o (e 1 it 1 © > T o 1 @ > o
r f=a e (= 1 -~ 1~ [ 1 — 1~ L IEnE o IEa g =]
% © % W 6y [ TUo ® 1 1 e 1 - 1 oo 1 oo b 1 oo -
4 - : ) - (] c o - ) [ | v 1 > | > G >y 1 > G >
2 ~ g ~E 1 -~ o Mmoo 1 - 1 - 1 : 1> > 1> > g - 1> > g -
= vEa ©E® | ©O nmn o I ~E 1 ~E I -E 19 ~T PSP +T mEOTD P T >»ATT
et S @ o =% 0 Vs > @ EE@ EE® 1 E ®© 1+ Ec THEC OCcC W®@HES £ O0C
+ -~ O~ ~ O <= m A "] Q@O © @ O 1 @ O 1.+ @© @ — - T @ O~ @ — 4 @ © O~ ©
g Rkl @ 4 v — OO0+ OO 1 o~ 1 nomwn ocwow > ®w omown > w0
< = > 2] i —~— U -~ ~ — o~ I — 1 — . — . - — . -
a > T > >0 > 0T U >T > > 1 > I - QE ™ - OE>»DO0 >~ 0OE>T0
1%} ETUC ETE OVECC > > @ c 0 »mma B >m E>»P S0 PHPSOGECS L2™PCBECC
> dca Ucm® o @.Ha @@ WG~ @©@@AH O W @OBAAO A W—AAOTMDd @A O T DA
o T 0 oOmuw A QW® (S ] A0 A0 O HO O—-H%rd Ad-Alrd O N&s AAAG O U)W
awn 20 g} (GRS [EX &) (SRS 4 8} 00 non 3 nonm ]
Il no o o oo "o Mmoo o0 o T NO M~ N =} I~ o
= 0 @0 0o —\0 — 0 — 0 — v} — o —am 0 —am 0
2% " 1 1 Vo [ (B (K 1 [ Vot Vot 1 [ 1
o -] o m o w [XV-) oo o m om o 2] EaN [ wn [ n
2 ki - - — — —a - ™ - m
' ) 1 1 ' ' ' 1 1 1
1 ] 1 | 1 ' ! 1 ' 1
H ' ! ! 1 1 1 ] ! '
2 ! ! ! ! [ 1 ' 1 1 1
= ! ! [ 1 1 1 1 1 ' 1
o] ! [ ! ! 1 | 1 1 1 i
(=3 t 1 = [} 1 1 ] T 1 I
1= 1 ' o 1 0 1 1 1 ' 1 1
E E 1 ] B 1 2 1 1 ) 1 ' 1
i L) ! ! 2 I = 1 | | Vo ) Vo
S H 1 N (] [ B 1 1 = |~ 1~
1 1 2 o 1 @ = [ [ [ [ 1~ r—
— o ! 1 0 = [ o [ 1 ®© | © [l 1 § o
— @ 1o aQ I @ [ « 1 o | o 1 o 1> ' > >
o E [ re O o . (] > 1 ¢ 1 © L] (L) () [FE)
0 1o * L a. * O 1o * 3 [ () * @ 1~ 1~ [
o = - < > N @ o T v o~ ~ © o o o o o
(=30 o <t %] o m (=R &} O L oo [+ R &] o v o T o —
- A= = = — — — — — — —

See footnote at end of table.



103

IMPERIAL COUNTY, CALIFORNIA, IMPERIAL VALLEY AREA

11.--ENGINEERING INDEX PROPERTIES=~-Continued

TABLE

>
1L X
n -~
® O v
—~N - Cc
a4 -
b e e |
ho N4
Ealal
3 E
o
Lalal
-1
o
o
Lo o] [a\]
<
— |-
w1
0 L
© @ o
Q.o =
E
v 3
vo ==
@
> @
c > o
o a -
G -l
P |
TR
O
=r
L]
"0 @
BO P N
o o o
L OA C
e, E
Q
= [
o x
—| ©n
L od L
© <
[9)
ot [
s
CaliR sl
(2] o
12 Ll
[\ '
— Ll
o) [~
o
e e e
Q
1
>
»
>
LY
+
-t
a
[22]
=)
E =
el
a,
Y
o
hel
=
T~
o
v 0
E E
© >N
=0
— O
-~ @«
O E
(/2]

e e e

ad

o |

111%;

wn O
[roX-e]

13
'
|
i
0
1
]
]
1
1

0-12{Loam-=======-—=={ML,
12-60jLoam, very fine }ML,

sand.
sandy loam.

Laveen

nn o own W wn nwn own wwn own n o
e e— o o = =T =r = = =4 oo o o wn nwn
[ [ B [ [ T v 1 1 LI [ a.o.
o O a. own nwn " nwn o wn nun own wwn o a. o. a. ==
o= - oo [SVSY] ooy - —— -~ —— == ==
wnnwn oo oo oo oo c o nn oo wn N oo oo
Vo m Nt~ t~ = t~ -t~ 0~ = = - aar Mo Mmoo [
[ 11 11 1 11 [ [ 1t [ 10 1 Pl
o owmn oo oo oo oo oo N oo nn [eXe) oo (I
TN - give} wnwn 0N wnin Tn mm T [aksal ooy oo
wnwnn nwn wnwn wnuwn nwn w0 wnwn wnwn N oo o o no
A © D o oo [=aX o o oo o o [ea¥e [3alsg]
1t [ 1 11 [ [} [ [ 10 [ [ 11
nunn nwn nn nwn nwn w N oo N oo " nwn 0o
0 @O © © © © @ © © O © © ~ t~ O O -t~ -t~ - - N D
oo oo oo oo oo
loNole) [eXe) O O o O [eNe) [eNe)
——— oo oo oo oo oo —— oo — - St ol = o ©
[ oo oo oo oo oo [ oo [ 1 1 Pt
wun —— — —— —— —— oo —— o o wwn wun o o
A a o [oaRvp) a D0 O -
oo oo (ol =]
oo - [Sy=) oo
o000 oo oo oo [o =] oo oo [o =] [ey =) — o L o
oo o oo oo oo oo oo oo co oo 1) 1 1
——— —— —— —— —— —— —— —— —— o wnun wn
o oo o
(o X =] [=X=) oo
oo oo oo
ocoo oo oo oo oo [=Xe) oo [o¥=] [o X} - —— -
[sX=Nal oo oo (X o] [eR o] oo oo oo oo 1 1 [
—— - —— —— —— —— —— —— —— —— wnwn wun mnin
o o o
[oNoNea] oo [oNe) oo oo [eR o] oo o oo oo o o oo
et —
0 [
o« <t <
= o~ - ~ - - - Ve R¥a] ot Neltel =+ = = = oo
[ v [ 1 it [ (] 1) [ [ [ 10
<t < <t < << < < <C << < <t et <t < << < < < - < < < <t
Tz
[T
Uk R | - B of T b ol o) ST aT 1.2 . B o) L I | a4 i I | > =
OO X (SRS Vo (SRS (SR (OS] (SRS (SRS (SRS == == [ZR%]
> - 1 - ] [ - > - > > o>
E © > E E (=] ' I E E E L) E E =] 1 EC | ET ©
0t @ ® 1 @© ' 1 © T © @ — @ @ @~ 1 @ c - | @ C - c
oo w oo 1 0 ' t o oo o oo [ 1 0@E I 0O@E ©
— > — - [ ] > e - —— - —~wn — - — 1V~ v a 'V~ v ®© 2]

S > ' > b ! > > . > - ' o 1 o -0
> =0 > > © > > @ > v E > > ® > > @ > ~E > > ® > - E 100~ to oA Vo
W E C © @A © T~ @ @A © @~ @~ @ E @ o o~ U E® 1 0c ) O C [ =]
— -t © @ —~— 0O ~— O A~ N0 ~HHO ~~ O —~ @O ~— G ~ @© O 1o oo et B O
O now oo oo 0o oo oo O O oo O O 1 4 b P Gatm ot G 0

— . > - > . - > - P_— — > —~ [ [T >
> « ©E MDD D D >y M5 ™o Sy 3mad > v > P e ) 1O >0 [RFLR- ] = E
D3RO0 DPLPACT PPHAT PP OO DOAX DDA T O > POAT PN E ® L E ® ¢ EE @©
—~ ©r—~-A O — — = — — e et et —~ O~ — e ~ U~ ¢ © O L © O © ™ O
wAAHG A HANO A0 HHd OO AdwnC "t O O A O O o» > QP > o 0o~
nown [ R%] [N %] [ X%} [H07%] X%} [N S] X% v O RN N |
nown e N e s s o m s mmmm oo m e e
oo N o N o a o [\ Ral N o Mo Mo no [SVKa\} [SH Y] oo
~— (IO LadiVe) —\0 —\O — 0 -0 — 0 — O — 0 — b~ ~— b — 0O
[ [ Vot 11 T [ [ [ [ [ 18 1
cow o oo o N oo oy om™m om om oa [o X} oo

-y — — — — — — — — — — —
1 | ) | 1 1 i ] 1 ] | '

1 1 1 1 i t ] t ! ] 1 ]
1 1 ' | 1 | 1 1 ] ] 1 '
1 ] | ! 1 | 1 [ ) ' 1 1
t | 1 t ] ] 1 1 1 1 I | .
] ] 1 ] 1 1 ] 1 1 ] T i
5 ] 1 ' T 1 1 t [ ] t t
] 1 T 1 i ' 1 ] 1 1 1 ]
' 1 t ' 1 1 1 1 ] 1 ' '
o I ) ' 1 1 1 ] ' 1 ] 1
~ — - v 1~ — ) — ] ] 1 ]
— © 1 @ (] 1 @ © 1 © - @ 1 1
- -~ 1 -~ Vo I~ - o .t © - 1 1
> = 1 1 s T — el 1o a — O [o] 1
R % "o 1 v r o . @ [+ . | = - ] Fs)
— [N 1 Q 1 (= = Q v = o LY -0 = O =
o E o E ™ E - E n g —~ o E — —c o C -t
o =4 Laa — — — — - &) — - (] — — =
- — — — — — —

120" ammmmccmmmmmnmm

See footnote at end of table.



TS kh"‘,p-:-sa‘\r.n-n-___-‘— = = S 1{

soese oLl

34

(s
@

g s ,‘ :]'uon 27 l
. i ;
g bl i

hi i g

[a L A of i

i a 8 E .

t 8 X

i 3 9, |

1} i i g

1 g

i - :

v

fl

e g

H g

’ :

]

5

o —32

saz==tar=sma.S
=
i
[

i i S 1 |
"
1
1
u
"
i
LEVEE -
ey T Tl vaiy Lot g it b
crima Y e )

DORAIN

1
o

e

<
B e e o

N32:

e
LN = S S
H RN Y] ul "
H)TpHWGD!!N.-Y-ﬁHEW Source Dest: I""‘ Scale: 1: 000 Detait 133 Datwmr WGSS

Project No.: LE04354 Topographic Map




APPENDIX B




CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA
LOCATION: See Site and Boring Location Plan DATE: 12/20/04

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC, Truck Mounted Electric

Cone with 23 ton reaction weight
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| Clayey Siltto Silty Clay * " sliff }

E _| Clayey Siltto Silty Clay ™ " very stiff } ?
L .| Clayey Siltto Silty Clay * * very sliff 1
| _| ClayeySiltloSiltyClay " “  verysliff ’ ;
. | ClayeySiltto Silty Clay " * stiff
. .| SandySiltlo Clayey Silt ML very loose f (
L Sandy Sill lo Clayey SilL. ™ % very loose
N Clayey Silt to Sity Clay ML/CL _ stiff l !
50 50
L
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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 Fadililies, Heber, CA Project No: LE04354 Date: 12/20/04
CONE SOUNDING: CPT-1
EsL. GWT(ft): 12.0 Phi Correlation: 0 0-Schay{78).1-REC(83) 2-PHT(74)
Base Base Avg Avg 1 Est. Qc Cn Est. Rel. Nk 17.0
Depth Depth  Tip Friction Soll Soll Densityor Density to SPT or Norm. % Dens. Phi Su
imelers feel Qc tsf Ratio, %  Type Classification USC _ Consistency  (pcf) N _N(60) Ca Qcin FinesDr(%) (deg.) (isf) OCR
015 05 31.82 1013 3 3 Clay CL/CH  very stiff 126 1.3 25 2.00 95 1.87 >10
030 1.0 7119 3,50 8 6 Sandy Siltto Clayey Silt ML very dense 115 3.5 20 2.00 1346 45 107 43
045 15 76.38 3.27 6 6 SandySiltto Clayey Silt ML very dense 115 35 22 200 1444 40 102 42
0.60 2.0 88.21 2.88 6 6 Sandy Siltto Clayey Silt ML very dense 115 3.5 25 200 1668 35 101 42
075 25 9419 253 7 7 Silty Sand to Sandy Silt  SM/ML  very dense 115 45 21 200 178.0 30 100 42
093 3.0 10194 2357 7 Silty Sand to Sandy Silt  SM/ML  very dense 115 45 23 200 1927 30 99 42
1.08 3.5 123.24 1.66 8 8 Sand to Silty Sand SP/SM  very dense 115 55 22 2.00 233.0 20 102 42
123 4.0 5393 293 6 6 SandySiltto Clayey Silt ML dense 115 3.5 15 200 1019 45 76 39
138 4.5 16.43 419 3 3 Clay CL/CH  stiff 126 1.3 13 200 85 0.95 >10
183 5.0 15.563 3.80 4 4 Silty Clay to Clay CL stiff 25 18 9 195 85 0.90 >10
168 5.5 13.99 348 4 4  Silty Clay to Clay CL stiff 1256 1.8 8 1.85 85 0.80 >10
183 6.0 10.16 242 5 5 Clayey Siltto Silly Clay ML/CL  stiff 120 25 4 176 85 0.58 >10
198 65 1041 3.55 4 4 Silty Clayto Clay CL stiff 126 18 6 1.69 95 0.59 >10
213 7.0 11.62 438 3 3 Clay CL/ICH  stiff 126 13 9 162 100 0.66 >10
228 75 13.29 444 3 3 Clay CL/ICH  stiff 125 1.3 11 166 95 0.76 >10
245 8.0 14.55 493 3 3 Clay CL/CH  stiff 125 1.3 12 1.51 95 0.83 >10
2.60 8.5 13.90 496 3 3 Clay CL/ICH  stiff 125 1.3 11 146 100 0.79 >10
275 9.0 13.23 4083 3 Clay CL/ICH  stiff 1256 1.3 11 142 95 0.75 >10
290 95 13.66 468 3 3 Clay CL/CH  stiff 1256 1.3 11 1.38 100 0.77 >10
3.05 10.0 26.88 5003 3 Clay CL/CH very stiff 125 1.3 22 1.34 80 1.55 >10
320 105 21.69 5013 3 Clay CL/CH  very stiff 126 13 17 1.32 90 1.24 >10
335 11.0 19.84 485 3 3 Clay CL/CH  very sliff 125 1.3 16 1.30 95 1.13 >10
350 115 21.31 445 4 4  Silty Clay to Clay CL very stiff 125 1.8 12 1.29 90 1.22 >10
3.65 12.0 18.97 4.00 4 4 Silty Clay to Clay CL very stiff 126 1.8 11 127 90 1.08 >10
3.80 12.5 16.82 3.88 4 4 Silty Clayto Clay CL stiff 125 1.8 10 1.26 95 0.95 >10
3.95 13.0 18.18 4913 3 Clay CL/CH  very stiff 1256 1.3 15 1.24 100 1.03 >10
413 135 17.33 5433 3 Clay CL/CH  stiff 125 1.3 14 1.23 100 0.98 >10
4.28 14.0 17.04 546 3 3 Clay CL/ICH  stiff 125 1.3 14 122 100 0.96 >10
443 145 21.21 5453 3 Clay CL/CH very stiff 125 1.3 17 1.20 100 1.20 >10
4.58 15.0 19.96 5213 3 Clay CL/CH very stiff 125 1.3 16 1.19 100 113 >10
473 155  23.41 4803 3 Clay CL/CH  very stiff 125 1.3 19 1.18 95 1.33 >10
488 16.0 20.50 5513 3 Clay CL/CH  very stiff 126 13 16 147 100 1.16 >10
5,03 16,5 21.94 588 3 3 Clay CL/CH  very stiff 125 13 18 1.15 100 1.24 >10
5.18 17.0 19.22 548 3 3 Clay CL/CH  very stiff 125 1.3 15 114 100 1.08 >10
533 175 27.57 5,033 3 Clay CL/CH  very stiff 125 13 22 143 95 1.57 >10
548 18.0 23.29 6223 3 Clay CL/CH  very stiff 125 13 19 1.12 100 1.32 >10
565 18.5 20.85 6.67 3 3 Clay CL/ICH  very stiff 1256 13 17 1.1 100 1.18 >10
5.80 19.0 21.33 6.77 3 3 Clay CL/CH  very stiff 125 1.3 17 1.10 100 1.20 >10
595 195 21.97 6293 3 Clay CL/CH very stiff 125 1.3 18 1.09 100 1.24 >10
6.10 20.0 21.34 7.093 3 Clay CL/CH  very stiff 1256 13 17 1.08 100 1.20 >10
6.25 20.5 15.48 5723 3 Clay CL/CH  stiff 125 1.3 12 1.07 100 0.86 5.53
6,40 21.0 15.87 5203 3 Clay CL/CH  sfiff 125 1.3 13 1.06 100 0.88 5.65
655 215 26.53 5793 3 Clay CL/ICH  very stiff 125 13 21 1.05 100 1.50 >10
6,70 22,0 2719 6213 3 Clay CL/CH  very stiff 126 1.3 22 1.05 100 1.54 >10
6.85 22,5 29.12 618 3 3 Clay CL/CH  very stiff 126 1.3 23 1.04 100 1.65 >10
7.00 23.0 2440 7413 3 Clay CL/CH  very stiff 125 13 20 1.03 100 1.38 >10
7.18 235  29.74 7653 3 Clay CL/CH  very stiff 125 1.3 24 1.02 100 1.69 >10
7.33 24.0 31.24 7.01 3 3 Clay CL/CH  very stiff 125 13 25 1.01 100 1.78 >10
748 245 3171 674 3 3 Clay CL/ICH  very stiff 126 13 25 1.01 100 1.80 >10
7.63 250 28.38 536 3 3 Clay CL/ICH  very stiff 1256 13 23 1.00 100 1.61 >10
7.78 25,5  25.50 5793 3 Clay CL/CH very stiff 1256 1.3 20 0.99 100 1.44 >10
7.93 260 21.23 6.01 3 3 Clay CL/CH  very stiff 125 1.3 17 098 100 118 7.00
8.08 26.5 19.41 626 3 3 Clay CL/CH  very stiff 1256 1.3 16 0.98 100 1.08  6.00
8,23 27.0 21.10 6.123 3 Clay CL/CH  very stiff 125 1.3 17 097 100 1147  6.65
8.38 27.5 20.13 630 3 3 Clay CL/CH  very stiff 126 1.3 16 0.96 100 112 6.00
8.53 28.0 19.23 566 3 3 Clay CL/CH  very stiff 126 13 15 0.96 100 1.06 5.42
8.68 28,5 20.08 5656 3 3 Clay CL/CH  very stiff 125 13 16 0.95 100 111 576
8.85 29.0 20.55 567 3 3 Clay CL/CH  very stiff 125 1.3 16 0.94 100 1.14  5.88
9.00 29.5 20.76 700 3 3 Clay CL/CH  very stiff 126 1.3 17 0.94 100 1.15 5.88
9.156 30.0 22.80 6883 3 Clay CL/CH  very stiff 125 1.3 18 0.93 100 1.27 6.65




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

,T%ELQJ_E_QL_QRM&T_H_@“WLZ_E&QJH_LLQQLH_QQ_GI CA Project No: LE04354 Date: 12/20/04 -
CONE SOUNDING: CPT-1
Est. GWT (ft: 12.0 Phi Correlation: 0 0-Schn(78),1-REC(83), 2.0HT(74) |
Base Base Avg Avg 1 Est. Qc Cn " Est. Rel Nk: 17.0
Depth Depth  Tip Friction Soill Soll Densityor  Density to SPT or Norm. % Dens. Phi Su
Imeters feet Qc, {sf Ratio, % Type Classification USC _ Consistency  (pcf) N N(B0) Cq Qcin FinesDr (%) (deg.) (isf) OCR
930 30.5 21.60 5893 3 Clay CL/CH  very stiff 1256 13 17 0.93 100 1.20 6.00
945 31.0 17.19 6.36 3 3 Clay CL/CH  stiff 125 1.3 14 0.92 100 “ 094 400
9.60 31.5 2005 547 3 3 Clay CL/CH  very stiff 126 1.3 16 0.92 100 110 5.10
9.75 32.0 19.47 550 3 3 Clay CL/CH very stiff 126 13 16 0.91 100 1.07 4.68
990 32.5 21.74 5633 3 Clay CL/CH very stiff 125 1.3 17 0.90 100 120 5.53
10.05 33.0 23.37 5763 3 Clay CL/CH  very stiff 126 1.3 19 0.90 100 130 6.10
10,20 33.5 20.39 556 3 3 Clay CL/CH  very stiff 126 1.3 16 0.89 100 112 478
10.38 34.0 1597 5123 3 Clay CL/CH  stiff 126 1.3 13 0.89 100 0.86 3.28
10.53 34.5 16.45 448 3 3 Clay CL/CH  stiff 125 1,3 13 0.88 100 0.89 3.35
10.68 35.0 18.50 496 3 3 Clay CL/CH  very stiff 126 1.3 15 0.88 100 101  3.91
10.83 35.5 19.11 4.05 4 4 Silty Clay to Clay CL very stiff 125 18 11 087 100 1.04 521
10.98 36.0 20.64 586 3 3 Clay CL/CH  very stiff 125 13 17 0.87 100 113 447
1113 36.5  25.44 5723 3 Ciay CL/ICH  very stiff 125 13 20 0.86 100 1.41 6.21
11.28 37.0 31.72 4.84 4 4 Silty Clay to Clay CL very stiff 125 1.8 18 0.88 100 1.78 >10
1143 37.5 2549 3.77 5 5 ClayeySilt to Silty Clay ML/CL  very stiff 120 25 10 0.85 100 141 >10
11.68 38.0 17.68 248 6 5 Clayey Silt to Silty Clay ML/CL  sliff 120 25 7 085 100 095 5.65
11.73 38.5 15.25 3.47 4 4 Silty Clay to Clay CL stiff 125 18 9 085 100 0.81 3.35
11.88 39.0 20.64 4843 3 Clay CL/CH  very stiff 126 1.3 17 084 100 113  4.00
12.05 39.5 15.50 3.51 4 4 Silty Clay to Clay CL sliff 126 18 9 0.84 100 0.82 3.28
12.20 40.0 14.77 200 56 5 Clayey Silt to Siity Clay ML/CL  stiff 120 25 6 0.83 100 078 3.91
12,35 40.5 13.50 207 5 & Clayey Silt to Silty Clay ML/CL  stiff 120 25 &5 083 100 0.70 3.43
12.50 41.0 15.96 3.29 4 4 Silty Clay to Clay CL stiff 125 18 9 0.82 100 0.85 3.28
12.65 41.5 15.32 3.05 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 6 082 100 0.81 4.00
12.80 42.0 1474 2.01 5 5 Clayey Silt to Siity Clay ML/CL  sliff 120 25 6 0.82 100 0.77 3.66
12.85 425 17.48 254 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 081 100 093 4.78
13.10 43.0 22.47 2.80 56 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.81 100 123 7.3
13.25 43.5 20.78 2.49 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 0.81 100 113  6.21
13.40 44.0 21.29 262 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.80 100 116 6.43
13.68 445 19.71 2.35 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 0.80 100 1.06 553
13,73 45.0 19.60 217 5 5 Clayey Silt to Siity Clay ML/CL  very stiff 120 25 8 0.80 100 105 542
13.88 45.5 18.05 184 6 6 SandySiltto Clayey Silt ML very loose 115 35 5 079 135 100 13 30
14.03 46.0 17.42 229 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 079 100 092 4.28
14.18 46.5 19.49 203 6 6 SandySilttoClayey Sit ML very loose 115 35 6 079 145 100 15 30
14.33 470 17.99 2.10 6 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.78 100 096 4.37
1448 475 16.62 185 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.78 100 0.88 3.83
14,63 48.0 16.66 181 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.78 100 088 3.83
14.78 48.5 16.96 1.83 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 6 077 100 0.83 3.58
14.93 49.0 15.56 1.78 56 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 6 0.77 100 0.81 3.35
15.10 49.5 14.89 148 6 6 SandySiltto Clayey Silt ML very loose 115 35 4 077 10.8 100 7 29




CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric
PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction weight
LocaTION: See Site and Boring Location Plan DATE: _12/20/04
= LOG OF CONE SOUNDING DATA CPT-2
E-J, INTERPRETED SOIL  PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
T From Robertson & Campanella (1989) Qg (tsf) Fs (tsf) FR = Fs/Qc (%)
E 0 100 200 300 400 2 4 s g 0 2 4 6 8
GROUND EL. #/-
| _| Overconsolidated Soil 22 very dense ¢ | —I_'_& FTTT Tt P I_w__f_‘é ] ] l jr I
|. | _Overconsolidated Soil et very dense
| _| SiltySandto Sandy Silt SM/ML  very dense 3 / /
| _| SiitySandto Sandy Silt " " very dense /
Silty Sand to Sandy Silt " " very dense
| ] ClayeySilt to Silty Clay ML/CL _hard — | ] \>
[ ] cay CLICH  stiff } 2
Silty Clay to Clay CL stiff P
[ | clay CLICH  stiff \ S‘ \‘é
10 Sl oo sl 10 S
| _| Clay stiff
. | Clay "o stiff } 2 Z
| _| Clay v stiff g \W %
| _| Clay "o very stiff
| Clay "o" o very stiff { 5 ﬁ
| Clay vt very stiff :
[ | Clay v very stiff f < é
L | Clay R very slff
L _| Clay "N very siiff L ; i
L an.| Clay v very stiff
_20'_ Clay w o st A g q S
| | Clay "o very stiff >
| _| Clay n very stiff { <"‘j—
. Clay "or o very stiff | —q:
L | Clay "M very stiff i
L _| Clay "M very stiff -
L | Clay IR very stiff { i <
L | Clay "N very stiff
L | Clay "o" very stiff ( { 2
L30- Clay "M very stiff 20 -
|~ | Clay "N very stiff \ L }
L _| Clay "o very stiff < .
| Clay "o very stiff Z / é
. | Clay "o very stiff S
| _| Clay o very stiff 5 %
| Clay " very stiff
. | Clay e very stiff < { }
| | Ciay "o very stiff
| Cay " very stiff ) / /
40 S?Ily Clay {o Clay CL very stiff 40 T
| _| _Siity Clay to Clay »m very stiff 2 2 (’J
| _| ClayeySiltto Silty Clay MLU/CL very stiff
| | clayeysittosityClay * % verystff \ S §
| _| ClayeySiltlo Silty Clay " very stiff
| _| ClayeySilttoSillyClay " ™  very stiff 3 > >
| _| _ClayeySiltlo SiltyClay " ™  very stiff
| _|_SandySill to Clayey Sill_ML very loose ( (
L Clayey Silt to Silly Clay MU/CL  very stiff t\
. | SandySiltto Clayey Sill ML very loose J { :g
50~ Sandy Silt to Clayey Siit " " very loose 50 b ) {
_ |
| _| EndofSounding @ 50.0 ft. . i
[ I |
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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 Facilities. Heber, CA_ _____Project No: LE04354 Date: 12/20/04 I

CONE SOUNDING: CPT-2

i Est. GWT (fi):  12.0 _Phi Correlation: 0 0-Schm(78),1-R8C(83) 2-PHT(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. Phi Su

meters feet  Qc.isf Ratio, %  Type Classification USC  Consistency  (pcf) N N(60) Cg  Qecin Fines Dr (%) (deg.) (isf) OCR
015 05 70.28 452 5 5 Clayey Silt to Silty Clay ML/CL  hard 120 25 28 2.00 50 413 >10
030 1.0 77.82 59711 11 Overconsolidated Soil ?? very dense 120 1.0 78 2.00 1471 55 110 43
045 15 91.98 53111 11 Overconsolidated Soil ?? very dense 120 1.0 92 200 1739 50 107 43
060 2.0 129.94 378 6 6 SandySiltto Clayey Silt ML very dense 115 35 37 200 2456 35 113 44
075 25 119.62 311 6 6 SandySiltto Clayey Silt ML very dense 115 35 34 200 2261 30 107 43
093 3.0 137.68 251 7 7 SiltySandto Sandy Silt  SM/ML  very dense 115 45 31 200 2603 25 108 43
1.08 3.5 140.87 230 7 7 SiltySandtoSandy Silt  SM/ML very dense 1156 45 31 200 2663 25 106 43
1.23 4.0 139.35 204 7 7 Silty Sand to Sandy Silt  SM/ML  very dense 115 45 31 200 2634 20 104 43
138 4.5 14485 201 7 7 SiltySandto Sandy Silt ~ SM/ML  very dense 115 45 32 200 2738 20 103 42
153 50 113.08 224 7 7 SiitySand to Sandy Silt  SM/ML  very dense 115 45 256 195 2089 25 94 41
168 55 5270 338 6 5 Clayey Siltto Silty Clay ML/CL  hard 120 25 21 1.86 50 3.08 >10
183 60 13.87 4913 3 Clay CL/CH  stiff 125 13 11 177 85 0.80 >10
198 6.5 15.08 536 3 3 Clay CL/ICH  stiff 125 1.3 12 1.70 95 0.87 >10
213 7.0 1477 481 3 3 Clay CL/CH  stiff 126 13 12 1.63 95 0.85 >10
228 75 13.38 390 3 3 Clay CL/CH  stiff 1256 13 11 157 90 0.76 >10
245 8.0 1225 327 4 4 Silty Clay to Clay CL stiff 1256 18 7 151 90 0.69 >10
260 85 11.34 38 3 3 Clay CL/CH  stiff 125 13 9 146 100 0.64 9.79
275 9.0 1362 443 3 3 Clay CL/CH  stiff 126 1.3 11 1.42 95 077 >10
290 95 14.76 497 3 3 Clay CL/CH  stiff 125 13 12 1.38 100 0.84 >10
3.05 100 15.04 5193 3 Clay CL/CH  stiff 125 13 12 1.34 100 0.85 >10
320 105 17.24 5613 3 Clay CL/ICH  stiff 125 13 14 1.33 100 0.98 >10
3356 11.0 17.82 5313 3 Clay CL/CH  very stiff 125 13 14 1.3 100 1.01 >10
350 11.5 16.22 453 3 3 Clay CL/ICH  stiff 126 13 13 1.29 100 0.92 >10
365 120 14.59 445 3 3 Clay CL/CH  stiff 126 13 12 1.28 100 082 9.19
380 125 1595 489 3 3 Clay CL/ICH  sfiff 126 1.3 13 1.26 100 0.90 >10
395 13.0 16.10 607 3 3 Clay CL/CH  stiff 126 13 13 125 100 0.91 >10
413 135  20.52 5553 3 Clay CL/CH  very stiff 125 13 16 1.23 100 117 >10
428 140 22.48 5553 3 Clay CL/ICH  very stiff 125 13 18 1.22 100 1.28 >10
443 145  20.89 542 3 3 Clay CL/CH  very stiff 125 13 17 121 100 1.19 >10
458 15.0 17.79 5373 3 Clay CL/CH  very stiff 125 1.3 14 1.19 100 1.00 >10
473 155 1947 586 3 3 Clay CL/CH  very stiff 125 13 16 1.18 100 1.10 >10
488 16.0 19.76 5773 3 Clay CL/ICH  very stiff 125 13 16 117 100 1.12 >10
503 16,5 22,53 5913 3 Clay CL/CH  very stiff 125 13 18 1.16 100 128  >10
518 17.0 21.67 509 3 3 Clay CL/ICH  very stiff 125 13 17 115 100 1.23 >10
533 175 22.15 577 3 3 Clay CL/CH  very stiff 126 1.3 18 1.43 100 1.25 >10
548 180 21.43 6.10 3 3 Clay CL/ICH  very stiff 125 13 17 112 100 1.21 >10
5656 185 21.56 534 3 3 Clay CL/CH  very stiff 1256 1.3 17 1.1 100 1.22 >10
580 19.0 22.73 6723 3 Clay CL/CH  very stiff 125 13 18 110 100 1.29 >10
595 195 30.63 6§48 3 3 Clay CL/CH  very stiff 125 13 25 1.09 95 1.75 >10
6.10 200 17.95 614 3 3 Clay CL/CH  very stiff 126 13 14 1.08 100 1.00 7.41
6.256 205 17.30 570 3 3 Clay CL/ICH  stiff 126 13 14 1.07 100 096 6.65
6.40 21.0 16.60 699 3 3 Clay CL/ICH  stiff 126 1.3 13 1.07 100 0.92 6.10
6.55 215 26.75 744 3 3 Clay CL/ICH  very stiff 126 13 21 1.06 100 1.52 >10
6.70 220 28.17 6813 3 Clay CL/ICH  very stiff 126 13 23 1.05 100 1.60 >10
6.85 225 20.17 7243 3 Clay CL/CH  very stiff 126 13 16 1.04 100 113  7.85
7.00 230 16.15 562 3 3 Clay CL/CH  stiff 125 13 13 1.03 100 089 521
718 235 2137 684 3 3 Clay CL/CH  very stiff 126 13 17 1.02 100 1.20 827
7.33 240 2423 598 3 3 Clay CL/CH  very stiff 126 13 18 1.02 100 1.36 >10
7.48 245  27.09 688 3 3 Clay CLICH  very stiff 125 13 22 1.01 100 1.58 >10
7.63 25,0 2397 646 3 3 Ciay CL/CH  very stiff 126 13 19 1.00 100 1.35 9.39
7.78 2565 2590 698 3 3 Clay CL/ICH  very stiff 1256 1.3 21 0.99 100 1.46 >10
793 260 24.80 617 3 3 Clay CL/ICH  very stiff 125 1.3 20 0.99 100 139  9.59
8.08 265 2294 566 3 3 Clay CL/CH  very stiff 125 13 18 0.98 100 1.28  8.00
8.23 270 2228 5923 3 Clay CL/ICH  very stiff 125 1.3 18 0.97 100 124 7.27
838 275 20.15 6.14 3 3 Clay CL/ICH  very stiff 126 13 16 0.97 100 112 6.0
8.563 28,0 24.13 6053 3 Clay CL/ICH  very stiff 125 13 19 096 100 135 814
8.68 28,5 28.28 586 3 3 Clay CL/ICH  very stiff 126 13 23 0.95 100 1.59 >10
885 28.0 26.02 5733 3 Clay CL/ICH  very stiff 126 1.3 21 095 100 146 8.85
9.00 295 28.06 6013 3 Clay CL/ICH  very stiff 125 1.3 22 0.94 100 1.58 >10
9.15 300 29.72 6.57 3 3 Clay CL/ICH  very stiff 126 13 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 Project No: LE04354 Date: 12120/04 -
CONE SOUNDING: CPT-2
Esl. GWT (ft): 12.0 Phi Correlation: 0 0-Schm(78),1-RAC(H2),2-PHI(74)_|
Base Base Avg Avg 1 Est. Qc Cn Est. Rel. Nk: 17.0
Depth Depth  Tip Friction Soil Soll Densityor Density to SPT or Norm. % Dens. Phi Su
\meters feol __Qc, Isf Ralio, % Type Classification USC _ Consistency (pcf) N N(B0) Cg Qecin FinesDr(%) (deq) (tsf) OCR |
9.30 30.5 28.55 641 3 3 Clay CL/CH  very stiff 126 1.3 23 0.93 100 1.61 >10
9.45 31.0 31.07 684 3 3 Clay CL/CH  very stiff 125 1.3 25 0.92 100 1.75 >10
9.60 31.5 34.71 659 3 3 Clay CL/CH  very stiff 126 1.3 28 0.92 100 1.97 >10
9.75 32.0 35.27 6253 3 Clay CL/CH  very stiff 126 1.3 28 0.91 100 2.00 >10
9.80 325 37.01 5653 3 Clay CL/CH hard 125 13 30 091 100 210 >10
10.05 33.0 32.37 5313 3 Clay CL/ICH  very stiff 1256 1.3 26 0.90 100 1.83 >10
10,20 33.5 30.28 570 3 3 Clay CL/CH  very stiff 125 1.3 24 0.89 100 1.70 9.59
10.38 34.0 29.97 5713 3 Clay CL/ICH  very stiff 125 1.3 24 0.89 100 168 9.19
10.63 34.5 34.16 5423 3 Clay CL/ICH  very stiff 126 1.3 27 0.88 100 1.93 >10
10.68 35.0 31.563 6544 3 3 Clay CL/CH  very stiff 1256 1.3 25 0.88 100 1.77  9.79
10.83 35.5 33.18 462 4 4 Silty Clay to Clay CL very stiff 126 1.8 19 0.87 100 1.87 >10
10.98 36.0 31.41 6323 3 Clay CL/CH  very stiff 1256 1.3 25 0.87 100 177  9.19
11.13 36.5 28.95 4943 3 Clay CL/CH  very stiff 125 13 23 0.86 100 162 7.70
11.28 37.0 23.74 5433 3 Clay CL/CH  very stiff 125 13 19 0.86 100 1.31 542
1143 375 24,03 5193 3 Clay CL/CH  very stiff 125 13 19 0.85 100 1.33 542
11.568 38.0 28.73 516 3 3 Clay CL/CH  very stiff 126 1.3 23 0.85 100 1.60 7.13
11.73 38.5 29.89 5193 3 Clay CL/CH  very stiff 125 1.3 24 0.85 100 167 7.56
11.88 39.0 29.55 5053 3 Clay CL/CH  very stiff 125 1.3 24 0.84 100 166 7.27
12.05 39.5 25.32 4723 3 Clay CL/CH  very stiff 125 1.3 20 0.84 100 140 553
12.20 40.0 2219 446 3 3 Clay CL/CH very stiff 126 1.3 18 0.83 100 122 437
12.35 40.5 24.43 430 4 4 Silly Ciay to Clay CL very stiff 125 1.8 14 0.83 100 1.35 6.54
1250 410 2485 3665 5 ClayeySilttoSiltyClay  ML/CL  very stiff 120 25 10 082 100 137 939
1265 41.5 21.29 325 5 5 Clayey Silt to Silly Clay ML/CL  very stiff 120 25 9 0.82 100 1.16  6.88
12.80 42.0 19.81 3.04 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 0.82 100 1.07 6.00
1295 425 18.87 2,79 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 081 100 1.02 5.42
13.10 43.0 19.60 248 5 5 Clayey Silt fo Silty Clay ML/CL  very stiff 120 25 8 0.81 100 1.06 5.76
13.25 435 21.70 284 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.81 100 118 6.65
13.40 440 22.24 262 5 § Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.80 100 121 6.88
13.58 445 22.52 278 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.80 100 1.23 6.88
13.73 45.0 25.15 3.77 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 10 0.80 100 138 8.27
13.88 455 26.20 3.80 5 5 Clayey Silt to Sitty Clay ML/CL  very stiff 120 25 10 0.79 100 144 885
1403 460 2444 3025 5 ClayeySiittoSiltyClay ML/CL very stiff 120 25 10 079 100 134 7.70
14.18 46.5 22.65 243 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.79 100 123  6.54
1433 47.0 20.81 198 6 6 Sandy Silt to Clayey Silt ML very loose 115 35 6 0.78 154 100 17 30
14.48 475 20.51 212 6 6 Sandy Siltto Clayey Silt ML very loose 115 35 6 0.78 15.1 100 17 30
14.63 48.0 22.61 250 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.78 100 123 6.32
1478 485 20.83 213 6 6 Sandy Siltto Clayey Silt ML very loose 115 35 6 0.77 16,2 100 17 30
14,93 49.0 20.93 227 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 077 100 113 542
15.10 495 20.67 211 6 6 SandySiltto Clayey Sit ML very loose 115 35 6 077 15.0 100 16 30
15.25 50.0 19.06 225 5 & Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 0.76 100 1.01  4.47




CLIENT: ORMAT CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounited Electric
PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction weighl
LOCATION: See Site and Boring Location Plan DATE: 12/20/04
m
i INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
z From Robertson & Campanella (1989) Qe (tsf) Fs (tsf) FR = Fs/Qc (%)
E 0 100 200 300 400 0 2 4 8 8 O 2 4 [3 8
GROUND EL, +/- 0
Clay CLICH hard |i||lllllllllll “’r‘*?] I =
L | clay " " hard I -
l. | _SandySilt to Clayey Sillt ML very dense j /
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

ect: ORMAT Heber 2 Facilities, Heber, CA Project No: LE04354 Date: 12/20/04
CDNE SDUNDING CPT-3
Esl. GWT (ft): 12.0 Phi Correlation: 0 0-Sehm(78),1-R&C(E3) 2-PHT(74)
Base Base Avg Avg 1 Est. Qc Cn Est. Rel. Nk: 17.0
Depth Depth  Tip Friction Sall Soll Densityor Density to SPT or Norm. % Dens. Phi Su
meters feat Qe tsf Ratio, % Typa Classification Usc Consistency  (pefl N MN(60) Cq Qcin FinesDr (%) (deq.) [ sf) |
0.15 05 51.76 3.36 6 5 Clayey Silt to Silty Clay ML/CL  hard 120 25 21 2.00 50 3.04 >10
0.30 1.0 4642 756 3 3 Clay CL/CH  hard 126 1.3 37 200 75 2.73 >10
045 1.5 4035 679 3 3 Clay CL/CH hard 125 13 32 200 75 2.37 >10
0.60 2.0 61.72 4.80 4 4 Siity Clay to Clay CL hard 125 1.8 35 2.00 55 3.62 >10
0.75 2.5 109.67 3.07 6 6 SandySiltto Clayey Silt ML very dense 1156 35 31 200 2073 35 104 43
0.93 3.0 118.60 264 7 7 SitySandto Sandy Silt  SM/ML  very dense 115 45 26 2.00 2242 30 103 42
1.08 35 127.70 243 7 7 SitySandtoSandy Sitt  SM/ML  very dense 116 45 28 200 2414 25 103 42
1.23 4.0 13115 2,02 7 7 SiltySandtoSandy Siit  SM/ML very dense 115 45 29 200 2479 25 102 42
1.38 4.5 14755 1.96 7 7 Silty Sand to Sandy Silt ~ SM/ML  very dense 115 4.5 33 200 2789 20 103 42
153 50 148.38 205 7 7 Silty Sandto Sandy Silt  SM/ML  very dense 115 45 33 194 2717 20 102 42
168 55 11144 2,28 7 7 Silty Sand to Sandy Silt SM/ML  very dense 115 45 25 185 1944 25 92 41
1.83 6.0 40.17 402 5 5 Clayey Silt to Silty Clay ML/CL  bhard 120 25 16 1.76 60 2.34 >10
1.98 6.5 13.36 5183 3 Clay CL/CH  stiff 126 13 11 1.69 100 0.76 >10
213 7.0 13.22 5653 3 Clay CL/CH  stiff 1256 13 11 162 100 0.75 >10
228 75 7.68 4853 3 Clay CL/CH firm 126 13 6 1.56 100 043 6.10
245 80 11.50 455 3 3 Clay CL/CH  stiff 125 13 9 151 100 0.65 >10
2.60 85 10.61 349 4 4 Silty Clayto Clay CL stiff 126 1.8 6 1.46 95 0.60 >10
275 9.0 9.81 4103 3 Clay CL/CH  stiff 125 1.3 8 142 100 0.55 6.54
290 95 10.85 509 3 3 Clay CL/CH  stiff 125 13 9 1.38 100 0.61 7.00
3.05 10.0 14.61 636 3 3 Clay CL/CH  stiff 125 13 12 1.34 100 0.82 >10
3.20 10.5 14.97 5913 3 Clay CL/CH  stiff 125 1.3 12 132 100 0.85 >10
335 11.0 14.49 653 3 3 Clay CL/CH  stiff 126 1.3 12 1.31 100 0.82 >10
3.50 115 15.94 542 3 3 Clay CL/ICH  stiff 125 1.3 13 1.29 100 0.90 >10
3.65 12.0 14.15 5013 3 Clay CL/CH  stiff 125 13 11 1.27 100 0.79 8.56
3.80 125 20.31 5156 3 3 Clay CL/CH  very stiff 1256 13 16 1.26 95 1.16 >10
3.95 13.0 23.81 5793 3 Clay CL/CH  very stiff 126 1.3 19 1.24 95 = 1.36 >10
413 135 18.35 6.42 3 3 Clay CL/ICH  very stiff 126 1.3 15 1.23 100 1.04 >10
4.28 14.0 18.13 6733 3 Clay CL/CH  very stiff 125 13 15 1.22 100 1.02 >10
443 145 19.70 6.56 3 3 Clay CL/CH  very stiff 125 13 16 1.20 100 1.12 >10
4.58 15.0 18.07 5713 3 Clay CL/CH  very stiff 1256 1.3 14 1.19 100 1.02 >10
4,73 155 14.86 5243 3 Clay CL/CH  stiff 125 13 12 1.8 100 083 7.00
4.88 16.0 14.60 568 3 3 Clay CL/CH  stiff 1256 13 12 1147 100 0.81 6.65
5.03 16.5 13.49 6253 3 Clay CL/CH  stiff 126 13 11 1.16 100 0.75 565
5.18 17.0 13.31 5443 3 Clay CL/CH  stiff 126 1.3 11 1.14 100 074 531
5.33 17.5 16.20 6213 3 Clay CL/CH  stiff 125 13 13 1.13 100 0.90 7.3
5.48 18.0 19.16 598 3 3 Clay CL/CH very stiff 126 13 15 1.2 100 1.08 9.59
5.65 185 15.49 680 3 3 Clay CL/CH  stiff 126 13 12 1.11 100 0.86 6.32
5.80 19.0 15.81 6893 3 Clay CL/CH  stiff 125 13 13 1.10 100 0.88 6.32
5.95 195 16.32 7003 3 Clay CL/CH  stiff 125 1.3 13 1.09 100 0.91 6.43
6.10 20.0 17.26 5953 3 Clay CL/CH  stiff 126 1.3 14 1.08 100 0.96 6.88
6.25 20.5 13.28 576 3 3 Clay CL/CH  stiff 125 1.3 11 107 100 0.73 437
6.40 21.0 11.14 684 3 3 Clay CL/CH  stiff 125 13 9 1.06 100 0.60 3.28
6.55 21.5 12.48 740 3 3 Clay CL/CH  stiff 126 1.3 10 1.06 100 0.68 3.74
6.70 22.0 14.92 7623 3 Clay CL/CH  sliff 126 1.3 12 1.05 100 0.82 4.89
6.85 22.5 17.77 698 3 3 Clay CL/CH  stiff 126 1.3 14 1.04 100 - 099 632
7.00 23.0 21.45 734 3 3 Clay CLICH  very stiff 125 1.3 17 1.03 100 120 8.41
7.18 23,5 24.58 7843 3 Clay CL/CH very stiff 126 1.3 20 1.02 100 1.39 >10
7.33 24.0 51.65 3.68 5 5 Clayey Silt to Silty Clay ML/CL  hard 120 25 21 1.02 70 2.98 >10
7.48 245 3437 4913 3 Clay CL/CH very stiff 125 1.3 27 1.01 95 1.96 >10
7.63 25.0 18.84 5443 3 Clay CL/CH  very stiff 126 1.3 15 1.00 100 1.05 6.10
7.78 255  21.09 6.11 3 3 Clay CLICH  very stiff 1256 1.3 17 0.99 100 1,18  7.13
7.93 26.0 26.12 549 3 3 Clay CL/ICH  very stiff 125 13 21 0.99 100 1.47 >10
8.08 265 26.28 5553 3 Clay CL/CH  very stiff 125 13 21 098 100 1.48 >10
8.23 27.0 21.92 506 3 3 Clay CL/CH  very stiff 1256 1.3 18 0.97 100 122 713
8.38 27.5 23.63 6153 3 Clay CL/CH  very stiff 125 1.3 19 097 100 132 8.00
8.53 28.0 20.49 6.07 3 3 Clay CL/ICH  very stiff 126 1.3 16 0.96 100 114 610
8.68 28.5 19.11 587 3 3 Clay CL/CH  very stiff 125 1.3 15 0.95 100 1.06 5.31
8.85 29.0 18.15 5243 3 Clay CL/CH  stiff 125 1.3 15 0.95 100 1.00 4.78
9.00 29.5 21.72 6.18 3 3 Clay CL/CH  very stiff 125 1.3 17 0.94 100 121 6.32
9.15 30.0 20.63 655 3 3 Clay CL/CH  very stiff 125 1.3 17 093 100 1.14  5.65




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

__Project: ORMAT Heber 2 Facilities. Heber, CA Project No: LE04354 Date: 12/20/04
CONE SOUNDING: CPT-3
Esl, GWT (ft):  12.0 o Phi Correlation: 0 0-Schm(78)1-RAC(B3) 2.P1T(74) |
Base Base Avg Avg 1 Est. Qo Cn Est. Rel. Nk: 17.0
Depth Depth  Tip Friction Soll Soll Densityor Density to SPT or Norm. % Dens. Phi Su
Imeters feet  Qc, tsf Ratio, % Type Classification usc Consistency  (pef) N _N(B0) Cq Qelin FinesDr (%) (deg.) (tsf) OCR
930 30.5 2290 7513 3 Clay CL/CH  very stiff 125 1.3 18 0.93 100 127 6.54
9.45 31.0 2057 6.23 3 3 Clay CL/CH  very stiff 125 1.3 16 0.92 100 1.14 542
960 3156 19.55 6903 3 Clay CL/ICH  very stiff 125 1.3 16 0.92 100 1.08 4.89
975 32.0 23.76 837 3 3 Clay CL/CH  very stiff 125 1.3 19 0.91 100 132 654
9.90 325 2430 8.053 3 Clay CL/CH  very stiff 126 1.3 19 0.90 100 135 6.65
10.05 33.0 22.78 6543 3 Clay CL/CH  very stiff 125 1.3 18 0.90 100 126 5.88
10.20 335 2156 5913 3 Clay CL/CH  very stiff 125 1.3 17 0.89 100 119 531
1038 34.0 20.82 6.40 3 3 Clay CL/CH  very stiff 125 13 17 0.89 100 115  4.89
1053 345 2117 6.04 3 3 Clay CL/CH  very stiff 125 1.3 17 0.88 100 117 4.89
1068 350 2471 6.053 3 Clay CL/CH  very stiff 125 1.3 20 0.88 100 137 621
1083 355 23.14 5913 3 Clay CL/CH  very stiff 125 1.3 19 0.87 100 128 553
10.98 36.0 19.96 6213 3 Clay CL/CH  very stiff 125 1.3 16 0.87 100 1.09 4.28
11.13 36.5 19.03 488 3 3 Clay CL/CH  very stiff 125 1.3 15 0.86 100 1.04  3.91
11.28 37.0 16.19 4333 3 Clay CL/ICH  stiff 125 1.3 13 0.86 100 087 3.07
11.43 37.5 16.02 536 3 3 Clay CLI/CH  stiff 125 1.3 13 0.85 100 0.86 3.00
11.58 38.0 16.15 506 3 3 Clay CL/CH  stiff 125 1.3 13 0.85 100 0.86 3.00
1173 385 17.81 4753 3 Clay CL/CH  stiff 1256 1.3 114 0.85 100 0.96 335
11.88 39.0 21.66 441 4 4  Silty Clay to Clay CL very stiff 126 1.8 12 084 100 119 565
1205 39.5 20.18 342 5 5 Clayey Siit to Silty Clay ML/CL  very stiff 120 25 8 084 100 110 6.65
12.20 40.0 17.00 262 5 5 Clayey Siltto Silty Clay ML/CL  stiff 120 25 7 083 100 091 5.00
1235 405 20.64 432 4 4 Silty Clay to Clay CL very stiff 125 1.8 12 0.83 100 112 5.00
1250 41.0 36.57 3.70 5 5 Clayey Silt to Silty Clay ML/CL  bhard 120 25 15 0.82 95 2.06 >10
1265 415 31.64 464 4 4 Silty Clayto Clay CL very stiff 125 1.8 18 0.82 100 1.77 >10
12.80 420 2358 3.66 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 9 0.82 100 129 8.14
1295 425 2497 3.28 5 5 Clayey Silt to Silty Clay MLU/CL  very stiff 120 25 10 0.81 100 137 8.85
13.10 43.0 19.07 271 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 081 100 1.03 5.42
13.25 435 18.86 298 5 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 081 100 1.01 531
13.40 44.0 19.54 3.20 56 5 Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 080 100 105 553
13.58 445 19.29 397 4 4 SityClayto Clay CL very stiff 126 1.8 11 0.80 100 1.04 3.9
13.73 450 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 45,5 17.66 331 6 5 Clayey Siit to Silty Clay MLICL  stiff 120 25 7 079 100 0.94 4.47
14.03 48.0 16.42 218 56 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.79 100 087 3.9
14.18 486.5 15.61 235 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 6 078 100 0.82 3.58
1433 470 16.68 180 6 6 SandySiltto Clayey Silt ML very loose 115 35 5 078 123 100 11 29
14.48 475 18.25 180 6 6 Sandy Siltto Clayey Silt ML very loose 115 35 5 078 13.4 100 13 30
14.63 48.0 19.39 243 5 5 Clayey Silt to Siity Clay ML/CL  very sliff 120 25 8 078 100 1.04 4.89
14.78 485 19.39 3.87 4 4 Silty Clayto Clay CL very stiff 125 18 11 0.7 100 1.04 358
14.93 49.0 19.13 269 5 & Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 0.77 100 1.02  4.57
15.10 495 16.46 153 6 6 SandySiltto Clayey Silt ML very |oose 115 35 &5 077 11.9 100 10 29
5 & Clayey Silt to Silty Clay ML/CL  stiff 120 25 7 0.76 100 0.89 3.74

15.25 50.0 16.91 2.83
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LANDMARK CONSULTANTS, INC.

CLIENT:

PROJECT: ORMAT Heber 2 Facilities, Heber, CA
JOB NO: LE04354
DATE: 12/28/04

ORMAT

USCS

Sample Liquid Plastic Plasticity
Sample Depth Limit Limit Index Classif-
Location (ft) (LL) (PL) (P 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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LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA

JOB NO: LE04354

DATE: 12/28/04

T T T T T o o T o T T T e e o e e e e Pt e e e et T o b e e e e e e e ot P Pt e 8 e e e e o o o e o e e P R Bt e o e o Pt Pt e e o o e e At A e

— e e e e e e e e R e S S L I o o o S S o oo oo oo oo oo oo oo oo

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 (mmhos): 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 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

LANDMARK

Geo-Engineers and Geologists!

BRI E G aRety; Selected Chemical Plate
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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: 0-1.56 1.5-3 Method
pH: 7.9 7.8 643
Electrical Conductivity (mmhos): 1.5 (1< 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
= DBE/MBE/SBE Company Selected Chemical Plate
Project No: LE04354 Analyses Results C-3
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LAN ]]MARK 780 N. 4th Street
El Centro, CA 92243

Geo-Engineers and Geologists {760} 370-3000
{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 (LCI
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, 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.



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 CP'T soundings were produced and presented in final form after 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 5 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 Imperial 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

e . Near Source Factors | Seismic Coefficients
CBC Code | Soil Proiile Seismic D1ste.1r.10e to
Edition T Source Critical
ype Type Source Na Nv Ca Cv
Sp
2001 (stiff soil) A <11.3km 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 pcf 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

Jeffrey O. Lyon, P
President

Staff

No. 31921
EXPIRES 12-31-08
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CLIENT:

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Eleciric

Ormat Nevada ]
PROJECT: Heber South Geothermal Piant -- Heber, CA Cone with 23 ton reaction weight
LOCATION: See Site and Boring Location Plan _DATE: ' 05/02/07
LOG OF CONE SOUNDING DATA CPT-1

& | INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO

£ From Roberison & Campanella {1989) ©Qe(tsn Fs (1sf) FR = FsiQc (%)

E . 0 100 200 300 4 6 B 0 2 4 6

GROUND EL. +/- : 0 .
[ ] silty Sand 1o Sandy Silt SMIML  very dense E FTTT T EIT T ST T T
| Silty Sandio Sandy Siit " " vary dense i
L Silty Sand to Sandy Silt " " very dense
. _|_Sandy Silt to Clayey Silt ML dense - I
L | Clay " CUCH sliff T
L ] cay o i f
L] cray non il '
L Clay ot sliff e
|, ] Clay "o vary sliff '
L10- C!ay _ "o ve:rysliff 10 B ; ;
| Silty Clay to Clay CL stiff
L cay CUCH stiff
| | Cray v varystif
| clay "o tiff _
| | Clay "o stiff
. | Clay "t very siif \
|l ] Clay "o very sliff
] Ciay "ot very slhiff o
|} Silty Clay to Clay CL very stiff
Log Clay CL/ICH  very stiff 20 L
|| Clay v very stiff .
[ _] Clay "M very stiff o
| ] Clay "o vary stiff i {
. Clay "ot Tvary sliff R |
| ] Clay "o vary sliff 1
| | Clay "o gliff :
| | Clay - "N stiff - i
| ] ciay R : :
L | clay "o e |
| an4 Clay 0 very sliff _
_30_ Chay "t very gliff %
| | Clay v very stiff- ~
. Clay v very stiff
L | cray "o tiff
L ] Clay v stiff
| ] silly Clay to Clay cL very stiff ]
. Clay CL/ICH  very stiff
. _|_8iity Clay to Clay CL. vary shiff - _
|~ .| Clayey Siltto Sity Clay MLUICL. very sliff
40| ClavoySilttoSity Clay " * verystitt s _
| | Clayey Siltto Silty Clay - * “ ~ sliff ;
. ] Clayey Siltte Silty Clay " " very stiff } N
| _Clayey Siltto Silty Cltay " " very stiff '
| _|_Silly Clayio Clay CL very stiff _
| _| Clayey Siltto Silty Clay ML/CL  very stiff
|~ | Clayey Siltto SillyClay " very siiff
| ] ClayeySiltto Silty Clay " ". - very sliff
| | _Clayey Siltto Silty Clay " " very sliff I
L1 Sandy 5ilt to Clayey Silt ML very leose
' .50 Clayey Silt to Silty Clay ML/CL  very stiff 50 _ : :
-] Lo
- _’ - _|r.
L4 | :
| _| End of Sounding € 50.0ft. I :
|| Anticipated groundwater @ 10.0 t, i ;
Project No:  LANoMARK Plate
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_LANDMARK CONSULTANTS, INC.
CONE PENETROMETER lNTERPRETAT ION’ (based on Robertson & Campanella 1889, refer to Key to CPT logs)

Project: Heber South PIgnt-Heber CA - Project No: LEQ7178 - ____Dater 05/02/07

CONE SOUNDING: CPT-1 - i . .

| Est GWT (ft). _10.0 ) - o ‘ o Phi Comelation: 0 o-Schmiza).1-REC(8.ZPHT(74)_ |
Base Base Avg Avg 1 . - . Est. Qo - - 'Cn - - Est Ral Nk: 17.0

Depth Depih Tip = Fricfion _ Soit- Sail _.Dernisity of . ‘Density_to.-SPT- ‘o Norm. - % Déns. Phi Su

Imeters feat Qc, tsf Ratio, %  Type Classification usc Consistency - (pch N N{EQ) Cq  Qein Fines Dr (%) {deg,) {tsh _OCR
05 05 @625 2047 7 SitySandtoSandySit SMML very dense 115 45 15 200 1252 35 122 45
030 10 8818 2756 6 SandySilitoClayeySit ML verydense 115 35 25 200 1887 35 114 44
045 15 7773 1957 7 Siity Sandio Sandy Silt  SM/ML very dense 15 45 17 200 1469 30 103 42
060 20 9253 180 7 7 . Silty Sand to Sandy Silt  SM/ML  very dense 115 45 21 2,00 1749 25 103 42
075 25 9365 2027 7 .SitySandtoSandySilt SMML very dense 115. 45 21200 1776 25 ~ 100 42
093 30 7768 .2407 7 -SitySandtoSandySit SMML verydense: . 115 4.5 17 200 1468 35 91 . 41
108 35 7447 2396 6 SandySittoClayeySit ML depse S o115 35 21 200 1408 35 83 40
123 40 5273 2836 8 SandySittoClayey Silt ML dense 115 35 15 200 997 45 75 39
138 45 1849 5553 3 -Clay CLCH - varystif- - 125 -1:3.15 200 . 80 . 1.07  >10
153 50 1375 5023 3 Clay CL/CH -stiff, - 125 13 M 195 . 100 0.79 >0
168 55 1238 5113 2 Clay . CL/ICH  stiff 125 1.3 10 1.85 100 071 >10
183 60 1098 5453 3 Clay - CLICH  stiff C 125 13 9 177 100 083 - >10
198 85 1351 4773 3 Clay CUCH. stiff 125 1.3 11 169 85 - 077 >10
213 70 1472 5563 3 Clay . CL/CH" sfiff -~ 126 1.3 12 162 100 0.84  >10
228 75 1658 5713 3 Clay - CLICH  stiff 125 1.3 13 1.56 . 95 095 >10
245 80 1790 5723 3 Clay S CUCH verystiif * 125 .13 14 151 95 . 103 =10
260 85 1867 5213 '3 Clay . CLICH very stiff 125 1.3 15 148 90 1.07  >10
2¥5 9.0 1902 5073 3 Clay CUCH- very stiff 125 1.3 .15 142 20 108 >10
290 95 2058 4593 3 Clay CUCH  very stiff 125 1.3 16 138 85 118 »10
305 100 1746 - 4013 3 Clay CLIGH  siff “4257 1.3 14 1.34 © 95 : 099 >1¢
320 105 1545 4143 3 Clay CUCH stif - . - - 125 13 12 132 95 - 087  >10
335 11.0 1393 3834 4 SilyClytoClay CCLT stiff - 125 - 1.8 8 131 100 078 >10
350 115 1383 4233 3 Clay CL/CH  stiff 125 13 1t 129 100 . 078 856
365 120 1801 4853 3 Clay CLICH  very stiff 1267 13 14 127 95 Y402 10
380 125 1870 5833 3 Clay CLICH  -very stiff 125, 1.3 15 128 100 T 1.06 >0
395 13.0 1801 5353 3 Clay . CUCH very stiff 125 13 14 . 1.24 100 102 >0
413 135 1739 5153 .3 Clay . - CLICH stif 125 1,3 14 123 100 . 088 >10
428 140 1483 5203 3 Clay o CLCH stiff . - 125 1.3 12 122 100 0.84 800
443 145 1549 4863 3 Clay CLICH  stiff - 125 . 1.3 12 1.20 100 © . 087 827
458 150 1822 4653 3 Clay CLCH verystiff - 125 13 15 1.19 - 100 103 >10
473 155 2211 4843 3 Clay. . CLICH  very stiff 42513 18 118 95 - 126  >10
485 160 1985 4823 .3 Clay CUCH ' very stiff - 125, 1.3 18 147 - 100 112 >10
503 165 1977 4963 3 Clay CLICH - verystif 125 13 16 116 - - 100 112 >10
518 170 1838 - 5963 3 Clay : - CLCH very sfiff 125 1.3 15 114 00 ‘ 103  9.39
533 175 1764 5683 3 Clay CL/CH  stiff 126 1.2 14 113 100 089 8.41
548 180 2550 4803 3 Clay ’ CUCH verysiiff . 125 13 20 1.12 95 145  >10
565 185 3247 3365 5 ClayeySittoSiltyClay  ML/CL  very stiff 120 25 13 111 . 75 186 >10
580 180 1348 43863 2 Clay CUCH stiff 1257 13 11 1,40 100. ' 0.74  4.89
595 195 1841 4553 3 Clay o CLCH verystiff -+ . 125. 1.3 15 .00 - 100 1.03 800
610 200 2207 5363 3 Clay CLICH - very stiff 125 1.3 18  1.08 100 - 1.25 =10
B.25 205 2457 5403 3 Clay : CUCH. -verystiff. 125 13720 1.07 100 139 »10
640 210 2618 6133 3 Clay CL/ICH  very stiff -128 1.3 21 1.07 100 149 >10
655 215 2324 6193 3 Clay’ o CLCH : verysfiff. . - 125 4.3 19. 1.08 - 100 131 >10
670 220 22866 5553 3 Clay CUCH wveryslif - 125 1.3 18- .1.05 100 128  >10 -
685 225 2625 6973 .2 Clay _ . CLCH  verystiff - 125° 13 21 104 100 148 >10
7.00 230 2511 8173 3 Clay CLICH  very stiff 125 13 '20 %03 100 © 142 =10
718 235 2218 6483 3 Clay CLUICH - very stiff 125 1.3 18 102 . 100 - 125 870
7.33 240 2108 6243 3 Clay CUCH verystif = 125 13 17 . 1.02 100 _ 118 7.85
7.48 245 2354 7513 3 Clay ' CL/ICH = very stiff 125 12 19 1.01 100 . - 132 939
763 250 2131 6803 3 . Clay. ’ CL/CH verystiff . 125 1.3 17 1.00 <. 100 119 758
778 255 1821 6873 & Clay . CLICH  very stiff | 126 4.3 15 0.99 100 1.01. 585
793 260 1591, 8783 3 Clay CL/CH . stiff . 125 1.3 13 - 0.99 100 0.87 4.37
803 265 1354 5893 3 Clay : CLCH stff - "% 128 13 11 0.98 T 100 _ 073 343
823 270 1178 5533 3 Clay . CLICH sfiff = - 125 -1,3.°9 . 097 ©100 . . 063 273
8.38 275 1449 5563 3 Clay ... CLCH sfiff . 125 1312 0.97 1000 - 0.79¢ 358
853 280 1602 5843 3 Clay ' CLCH stiff =~ - 125 13 13 096 100 0.87 4.00
888 285 1504 5373 3 Clay " CL/CH ° siff 125 1.3 12 0.95 400 T 082 3866
885 260 2059 6883 3 Clay : CUCH verystif 125 1.3 16 095 100 114 588
9.00 295 1605 6663 3 Clay ' CLCH  sUff 125 13 13 084 100 0.87 383
915 300 4448 3375 5 ClayeySnIltoSﬂtyCiay ML/CL -hard 120 25 18 0.93 80 254 >10
9.30 30.5 27.03 5863 3 Clay : CL/ICH  vary stiff 125 13- 22 093 1007 . . 1.52 B85




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

Project: Heber South Plant -- Heber, CA - Project No: LEO7178 Date: 05/02/07
CONE SOUNDING: CPT-1 S . I . .
Est. GWT (fiy. 10.0 i C . : S S : Phi Correfation; 0 0-Schm(78),1-REC(E)2-PHT(7T4)

Base Bass Avg Avg - 1 : . . Est. Q¢ Cn - Est. Rel Nk: 170
Dapth Depth Tip  Friction Soil Soil ' Density or  Density to SPT- or Nom. % Dens. Phi Su
meters feet Qg tsf Ratio, % Type Classification Usc Consistency  (pef)- N N{B0) Cgq Qein FinesDr(%) (deg)- {tsf) OCR
945 310 24.88 4563 3 Clay - g "CL/ICH  very stiff -125 1.3 20 092 © 100 139 741
9.60 :31.5 17.85 4683 3 Clay . © .CL/CH stiff 126 1.3 14 092 100 098 418
975 320 2143 4983 3 Clay - CLCH very stiff 125 © 1.3- 17 0.91 100 1.19 553
9.90 325 1984 5013 3 Clay . ‘ CLICH  very stiff - 125 1.3 16 091 100 110 4.78
1005 330 2167 6033 3 Clay ’ CUGH' verystff - .125° 13 17 090 | 100 ' 120 .5.42
10.20 335 17.09 5988 3 '3 .Clay - " CUCH ' stiff 125 1.3 14 089 100 ’ 093 3.66
10.38. 34.0 1375 5923 3 Clay . . CL/CH  stiff C 126 .13 11 089 100 0.73 265
10.53 34.5 14,75 5273 3 Ciay CL/ICH  stiff - 126 13 12 088 100 079 291
10.68 35.0 17.80 441 3 3 Clay . CL/CH  sfiff . 125- 1.3 14 0.88 00 0.97 3.66
10.83 355 18.50. 445 3 -3 Clay CL/CH  very stiff. ’ 125 .1.8__'-16' 0.87 . 100 1.07 418
1068 360 20068 4234 4 SlltyCIaytoCIay oL verystiff- .. 125 18 11 087 00 - - - 110 553
1113 365 23.73 5013 3 Clay | CL/CH véfy_sliff 125 1.3 19 088 - 100 131 553
11.28 37.0° - 28,37 5333 3 Clay " CUCH very stiff i25 1.3 21 08 100 ’ -1.47 643
1143 375 2922 5233 3 Clay . CL/CH  very stiff - 125, 1.3 23 085 100 ) 163 7.56
11.58 380 2826 4004 4 SiltyClayto Clay GL verystiff = 125, 1.8 16 . 035 100 1.58  9.39
11.73 385 2629 366 5 5 Clayey Siltto Silty Cla'y' ML/CL - very stiff 120 25 11 085 100_ : . 1.46 >0
11.88 39.0 2408 319 5 5 ClayeySittoSityClay ~MUCL verystiff - 120° 25 10 084 . . 100 1.38  >10
12.06 395 2362 3005 5 Claysy Siltio Silty Clay MUCL verystff .- 120 25 9 0B84 - 100 - 1.30  9.00
12.20 400 2178 2805 5 Clayay SilttoSityClay ~ MUCL™ -verystif . 120 25 9 083 100 119  7.56
1235 405 1757 2756 5 -ClayeySittoSity.Clay MUCL stiff 1200 25 7. 083 . 100 - . 084 521
1250 410 19.10 236 5 '5 Clayey Siltto Silty Clay MLU/CL  very stiff - 120 25 8 083 100 - 103 5.88
1265 415 2254 2425 -5 ClayeySitlo SityClay - MLCL  verystiff = - 120 25 "9 082 - " 100 123 770
12.80 420 2341 323 5. 5° Clyey SittoSiltyClay. MUCL - verystiff - 120 ~25-'9. 082 100 - 128 814
12.95 425 2205 3085 5 ClayeySilitoSityClay MUCL -very stiff T 120 25 9 0.1 100 - 120 7.3
1340 430 2146 2785 5 ClyeySilttoSilyClay  MUCL  very stiff 120 25 8 081 w0 117  8.65
13.26 435 2221 3.76 4 4 Silty Clayto Clay cL very stiff 125 1.8 13 081 100 .21 510
1340 440 2288 - 376 4 4  Silty Clay to Clay CL very stiff . 125 1.8 13 080 100 1.24 521
1356 445 2569 2815 5 ClayeySittoSityClay - MUCL - very sfiff 120 25 10 0.80 100 _ 141 '8.85
13.73 450 2650 2665 5  ClayeySittoSiltyClay MUCL wverystif - 120 25 11. 080 100 146 9.19
13.88 455 2522 266 5 5 Clayey Siit to Siity Clay MUCL  very stiff 1200 25 10 079 ~ 100 1.38  8.27
14.03 460 2483 310 5 5 . Clayey Siltto Silty Clay MLCL _vérystiff' S 120. 25 10 0.79 ~ 100 138 7.85
1418 465 1888 2935 5§ ClayeySitto Sity Clay  MU/CL  -very stiff 120 25 8 079 100 1.0t 488
1433 470 19.43 284 5 5 . ClayeySiltto SityClay  MLICL - ' very stiff - 120 25 8 078 - 100 1.04 500
1448 475 22400 3035 5 ClayeySiltto SiltyClay ~ ML/CL  very stiff 1200 25 8- 078 100 1.22 6.32
1463 480 23.12 275 5 5 Clayey Siltto Silty Clay MUCL  very sliff 120 25 9 078 - 100 1.26 6.54
1478 485 18.94 138 6 6 - SandySiltto Clayey Silt ML * very loose 15 35 5 077 138 100 14 30
14.93 49.0 18.77 178 6 6 - Sandy Silt to Clayey Silt -~ ML very loose - 15 35 5 077 13.7 100 14 30
1509 495 21.59 273 5 & Clayey Silt to Sily Clay ML/CL  very stiff - S 120 258 077 100 116 5.65
15.25 50.0 23.82 312 6 5 Clayey Silt to Siity Clay ML/CL  very stiff - 120 25 10 0786 100 1:29 6.54



CLIENT: Ormat Nevada ' " CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric
PROJECT: Heber South Plant -- Heber, CA. =~ - Gone with 23 ton reaction weight
LOCATION: See Site and Boring Location Plan_. .-~ DATE: - 05/02/07

LOG OF CONE SOUNDING DATA CPT-2

| 5] Clayey Sitto Silly Clay_MUCL i

=
W - . .
E INTERPRETED SOIL . PROFILE . . TIPRESISTANCE o SLEEVE FRICTION FRICTION RATIO
£ From Robertson & Campanella (1989) . - Qeftsh) oL - . .. Fs(tsh FR = FsiQc (%)
E ] 100 o 300 . 4000_‘2 4 5 8 0 2 4 8 8
GROUND EL_ /- — _ ’
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LANDMARK CONSULTANTS, INC.
" CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella 1989 refer to Key to CPT Iogs)

Project: Heber South Plant — Heber, CA ___ Project No: LEO7178 i Datg_QQLQZIOT

CONE SOUNDING: CPT-2 . o ) :

Est. GWT (it 10.0 o : Phi Correlation; 0 0-Schm(78},1-R&C(83),2-PHT(74)

Base Base - Avp Avg - 1 - ] ot - Est. Qe . Cn Est. Rel Nk: . 17.0

Depth Depth  Tip-  Friction Sl . Sail o -Densify-or. Density to SPT or -Netm.. % Dens. Phi - Su

meters feet Qc,tsf Ralio, % Type Classification . usc Consistency (pef) - N N{60) Cq Qclin FinesDr %) {deg) (isff OCR
015 05 8514 1617 7 SitySandto Sandy Sit SM/ML verydense . 115 45 19 200 161.0 25 130 46

030 1.0 12036 266 7 7 SiltySandto Sandy Silt- SM/ML verydense. . - 115 4.5 27 200 227.5 30 124 45

045 1.5 7228 2137 7 SiitySandto Sandy Silt  SM/ML  very dense 115 .45 16 2.00 1366 30 101 42

060 20 11667 1128 & Sandto Silty Sand SP/SM  verydense . 115 55.21 200 2208 15 110 43

075 .25 138.05 148 8 & Sandto Silty Sand - 8PISM  very dense 115 55 25 200 2810 15 111 44

093 3.0 11713 176 7 -7 Silty Sand to Sandy-Sit  SMML - very dense 115 45 26 200 2214 20 104 42

1.08 35 8123 2127 7 SiltySandto Sandy Sit . SM/ML  very dense 115 45 18 200 1535 30 90 41

123 40 7463 2127 7 Silty Sand to Sandy Sitt  SM/ML  dense T 115 45 17 2,00 1411 30 86 40
138 45 3490 3805 & ClayeySiltto Sity Clay " MUCL  hard 120- 2.5 14 2.00 60 204  >10
153 50 1376 5453 3 Clay . CL/CH  siff 125 1.3 11 1.96 100 i 079 >10
168 55 757 7443 ‘3 Chay - .. CLCH firm J125 13 6 1.8 100 043 >0
183 80 509 6883 3 Clay CUCH firm 125 13 5 177 100 - - 033 610
198 65 947 4513 3 Clay CL/CH sfiff - . 125 .13 8 - 169 100 054 >10
213 70 1169 4843 3 Clay ] CUCH sfiff -~ 125 13 9. 163 100 0.66 =10
228 7.5 14.81 5373 3 Clay CLICH " slif’ . 125 1.3 12 157 - 85 0.85 =10
245 80 1305 5283 3 Clay - CLICH stif - - 125 13 10 1.51 100 074 »10
260 85 1341 5403 3 Clay " CLGH stiff 125 1.3 11 1.46 100 076  >10
275 9.0 1540 5213 3 Clay CL/CH  stiff 25 1.3 12 142 100 088 >10
2980 95 1824 4863 3 Clay CUCH  very stiff 125 13 15 1.38 a0 : 104 =10
305 100 1748 4503 3 Clay : CUCH-  stiff 125 1.3 14 1.34 a5 . 089 >0
320 105 1607 4.15.3 -3 Clay CL/ICH  stiff -125 1313 132 - 95’ 091  >10
335 11.0 1334 348 4 4 SiltyClayto Clay . CL - stiff - 125 18 & 1.31 g5 - 075 >0
350 11.5 1252 324 4 4 Silty Clayto Clay CL stif - 125 1.8 7 129 100 . 0.70 - 9.79
365 120 1893 3914 4 SilyClaytoClay CL very stiff 1260 1.8 11 1.28 90 108 >10
3.80 125 3115 438 4 4 Sily Clayto Cfay' CcL . very stiff 126 1.8 18 126 - 75 179 >10
395 130 19486 4783 3 Clay ’ CLIGH . very stiff 125 - 1.3 16 125 05 . 140 »10
413 135 1774 47423 3 Clay . CUCH verystff 125 1314 1.23 © 100 . 100 10
428 140 1758 4343 3 Clay : CL/CH  stiff 125 1.3 14 122 100 095 »10
443 145 21.21 5183 3 Clay ’ CUCH  very stiff | 125 - 1.3 17 1.20 100 120 >10
458 150 2043 4833 3 Clay - CL/CH  very stiff 125 1.3 16 1.19 100 116 >10
473 155 2079 4753 3 Clay CL/ICH very stiff - 125 4.3 17 118 100 118 >10
488 180 13.89 5753 3 Clay CL/ICH  very stiff 125 T 13 15 147 100 107 >10
503 165 2341 4883 3 Clay - " GL/CH  very stiff 125 13 18 116 95 133  »10
518 17.0 2359 534 3. 3 Clay * CLUICH very stiff - 125 13 19 1.14 100 134 >0
533 175 2327 4883 3 Clay CUCH  very stiff 125 13 19 1413 100 132 >0
548 180 2219 5133 3  Clay CL/ICH velystiff -~ . 125 - 13 18 1.12 100 126 =10
565 185 20.81 5103 23 Clay . . . = CUCH verystif = -~ 125 1.3 17 1.1 100 117 >10
580 190 1578 4923 3 Clay : -CLICH  stiff ©-125 1.3 13 -1.10 100 0.88 6.32
595 195 16.06 5233 3 Clay - . CL/CH  stiff 125 13 13 1.09 100 0.80 632
6.10 200 22.81 6583 "3 Clay CL/CH  very stiff 125 1.3 18 1.08 100 1.26 =10
625 205 2853 6303 3 Clay . CL/CH  very stiff 125 - 1.3 23 1.07 100 ) 182  >10
640 210 2899 6083 3 Clay ‘ CL/CH verystif ~ 125 1.3 23 1.07 100 185  >10
655 21.5 2482 6263 3 Clay CLICH . very stiff 125 .°1.3 20 1.06 - 100 C1.40 10
670 220 1848 5783 3 Clay - . CL/CH ~ very stiff. 125 1.3 16. 1.05 - 100 . . 1.03 688
6.85 225 18.41 5893 3 Clay | . CUICH  very stiff 125 13 15 1.04 o100 103 665
'7.00-230 1586 6463 3 Clay CUCH stiff .~ 125 1.3 13. 1.03 100 0.88 510
718 235 4663 4824 4 Silty ClaytoClay ‘L had | 126 1.8.27 1.02 g0 268 >10
7.33 240 47.09 448 4 4  Sily Clay to Clay cL had . . 125. 18 27 1.02 80 271 >10
748 245 2327 467 3° 3 Clay ' © CLICH . very stiff - 125 13719 101 100 131, 9.00
763 250 2100 5343 3 Clay CL/CH verysliff = - 126 13 17 .1.00 100 118 . 7.4
778 255 2171 5853 3 Clay i CUCH  very stiff * 125 1.3 17 0.99 100 121  7.56
793 260 1990 5473 '3 Clay. CL/CH  very stiff - 125 . 1.3 16 - 0.99 - 100 111 832
808 285 2078 5593 3 Clay CLCH verysiiff . 125 13 17 0.98 100 : 116 665
823 270 2198 544 3 3 Clay - QUCH verystiff 125 13 18 097 " 100 123 713
838 275 2073 553 3 3 " Clay ] CLCH . veryslif . 125 1.3 17 0.97 100 . 1.15 '8.32
853 280 2036 5623 3 Clay . CUCH verystif = 125 13 16 09 - 100 113 8.00
868 285 1088 6413 3 Clay - " CLICH - very stiff. - -125. 1.3 -18 095 100 .41 576
885 290 1833 . 5493 3 Clay CL/ICH  very stiff . 125 13 15 085 ° 100 1.01  4.89
900 285 1778 6273 3 Clay- CUCH  stiff 125 1.3 14 094 100 0.98 4.47
915 300 2076 5163 3 Clay - - ' CUCH . verystiff . 125 1.3.24 083 - 100 168 >10

3 3

930 305 2536 6.14 Clay - CL/CH very stiff 126 1.8 20 093 - 100 © 142 7.85




LANDMARK CONSULTANTS INC

Pronect No: LE071 78

_Date: 05/02/07

Project. Heber §gg;g glgnt— Heber, CA

CONE SOUNDING: CPT-2

CONE PENETROMETER [NTERPRETATION (based on Robertson & Campanella 1989 refer to Key to CPT Iogs)

Est. GWT (ft): 10.0 e Phi Correlation: 0 0-Schm(78),1-R&C{B3),2-PHT{74)
Base Base Avg Avg 1 . Est. Qc Cn Est. Rel. - Nk 170
Depth Depth  Tip Friction Soil Soil Dansity or  Density to SPT * or Norm. % Dens. Fhi Su
meters feet  Qc, tsf Ratio, % Typé Classification UsC Consistency  {pcf} N - N(60) Cq .Qctn FinesDr{%) (deg.) (isf} - OCR
945 31.0. 25865 808 3- 3 Clay-- © CLUCH  wvery stiff 125 13 21 '0.9_2 " 100 144 7.85
980 315 2480 6113 3 C(Clay CL/ICH ~very stiff 1256 1.3 20 0.92 100 140 7.27
975 320 2442 5033 3 Clay CLICH vety stiff 125 13 20 091 100 136 6.88
9.90 325 2589 5423 3 Clay CLICH  very stiff 125 13 21 090 100 143 7.27
10.05 33.0 26.43 5063 3 Clay CU/CH very siff . 425 13 21 0.0 100 148 .7.56:
10.20 335 24.95 5313 .3 Clay CL/CH ~ very stiff 125 1.3 20 089 100 139 B85
10.38 34.0 22.88 5623 3 Clay CL/ICH  very stiff - 125 1.3 18 (.89 00 127 585
10.53 345 2551 5403 3 Clay " CLICH very stiff 125 1.3 20 088 100 1.42 665
10.68 35.0 27.31 456 4 4  Silty Clay to Clay 'CL_ " very stiff 125 1.8 16 .0.88 100 1.53 >10
10.83 355 30,04 4554 4 SityClayto Clay cL very stiff - ‘125 1.8 17 . 0.87 100 168 >0
1098 360 28.52° 4524 4 SityClaytoClay cL very stiff 126 1.8 17. 087 " 400 185  >{0
11,13 365 3025 464 4 4 . Silty Clay to Clay CL _' very stiff 126 1.8 17 0.86° 100 170 =10
11.28 37.0 © 28.39 468 4 4 Silty Clay to Clay cL ' very sfiff ‘1256 18.17 0.86 100 1.64 =10
11.43 37.5 27.60 422 4 4 Sity Clay to Clay CcL --very stiff - 125, 18 16 0.85 100 1.54  9.00
1158 380 27.82 4114 4 SiyClaytoClay cL very stiff ‘125 1.8 16 0.85 - 100 1,56 . 9.00
11.73 385  28.57 377 5 5 Clayey Siltto Silty Clay MUCL  very shiff 120 25 11 0,85 100 1.59 >10.
11.88 39.0 24.62 337 5 5 Clayey Sili to Silty Clay MLUCL VEI;y stiff 1200 2.5 10 0.84 100 1.36 >0
1205 39.5 2228 3.04 5 5 - Claysy Siltto Silty Clay ML/CL v'ery stiff - 20 25 8 084 100 1.22 8.00
12.20 400 24.64 345 5 5 Clayey Silt to Siity Clay MU/CL  very stiff 120 25 10 0.83 100 136 9.50
1235 405 4178 4145 5 ClayeySittoSityClay MUCL  hard 120 25 17 083 05 237 >10
1250 410 8496 3228 6. SandySittoClayeySilt - ML - mediumdense 415 35 18 083 507 70 52 35
1285 415 3237 3755 5 - ClayeySitloSityClay MUCL very stiif 120 25 13 o082 100 : 181  >10
1280 420 2275 3824 4 .SiltyClaytoClay. cL very stiff . 125 18 13- 0.82 . 100 125 553
1205 425 2278 3205 5 ClaydySittoSiltyClay  MUCL  very stiif 120 25 '8 081 100 125 756
13.10 43.0 19.79 3624 4 Silty Clay to Clay CcL very stiff 125 1.8 11 081 100 107 428
13.25 43.5 2386 3914 4  SillyClayioClay CL - verysiiff 125 1.8 14 081 100 131 - 576
13.40 440 24.03 300 5 5 - Clayey Silt to Silty Clay ML/CL . very stiff - 120 - 25 10 0.80 100 . 1.37 841
1358 445 2346 2655 5 ClayeySilltoSiltyClay MUCL very stiff 1207 25 9 080 100 128 7.41
13.73 45.0 21.13 278.5 5 Claygy Silt to Silty Clay MLU/CL . very stiff . 120 25 & 080 100 1.14 6.1¢
13.88 45.5 19.10 273 5 5 Clayey Siltto Silty Clay MU/CL  very stiff 120 25 8 079 100 1.02 510
14.03 46.0 19.63 223 5 &5 Clayey Siltto Silty Clay ML/CL  wvery stiff 20 .25 8 0.79 100 1.08 531
1418 465 1874 2425 & ClayeySittoSityGClay MUCL  very stiff 120 25 7 0.79 100 1.00 4.78
14.33 470 1883 243 5 5 Clayey Silt to Silty Clay ML/CL - very stiff 120 - 25 8 " .0.78 100 1.1 478
1448 475 1885 2425 5 Clayey Silt to Silty Clay MUGCL  very stiff 120 25 8 - 0.78 100 1.01 4.68
1463 480 1753 23865 5 ClaysySitto SillyClay = MUCL. stiff 120 257 078 100 0.93 409
14.78 485 16.01 208 5 5 Clayey Siit to Silty Clay MLICL  stiff . 120 "25..6 - 077 100 084 358
14,83 49.0 20 136 8 6 Sandy Siltto Clayey Sitt ML ‘very loose - 115 3.5 € 077 152 100 17 30
1509 495 1720 176 6 6 Sandy Sillto Clayey Siit -~ ML very loose 115 35 5 077 125 100 11 30 )
15256 50.0.° 13,85 18856 5 . Clélyey Siitto Silty Clay "MUCL - stiff 120, .25 -6 076 : 100 071 282




Simplified Soil Classification Chart

After Robertson. & Campanella (1989)

eotechnlg_al Egramgte[s from CPT Data.

—Equlvalont SPT N(GO) blow count= ch(chN Ratio) -

10003 i Y T = N1{60) = Cn*N(80) Normalized SPT blow count
3. 3 Cn = H{p'0)*0.5 < 1.6 max. from Liao & Whitman (1986)
] 1 ] p'o = effective overburden pressure (tsf) using unit densilies
‘5 N i _ givén be!ow and estimated groundwater table.
o Dr = Relative density (%)from Jamiolkowski et. al. (1986) refationship
:."'.OO—E 3 . = -98 +68*l0g(Qc/p'o”0.5)" where Qe, p'o in tonne/sqm
© f ] Note: 1 loqnelsqm = 0.1024 tsf, 1 ba_r=1 .0443 tsf
Z - - Phi = Friction Angle estimated from either:
g -1 1. Ruberton & Campaniella (1983) chart;
@ 0= ~* Phi='5.3 + 24*(log(Qc/p'0))+3(log(Qcip'o))*2
Li" g 2. Peck, Hansen & Thomburn {1974) N-Phi Correlation
8 . 3. Schmertman (1978) chart [Phi = 28+0.14*Dr for fine uniform sands]
] Su = undrained shear strength (tsf) _
i = (Qc-p'o)iNk where Nk varies from 100 22, 17 for OC clays
| T | - T T T = QCR'= Overconsolidation Ratio estimated from Schmertman (1978)
0 ! 2 3 4 5 6 7 -8 chart using Su/p'o ratio and estimated riormal consolidated Su/p'o
_FRICTION RATIO (%) ' ) -
[Varlatlon of QcIN Ratio W|th Grain Siza |
10— T T T TTIT T — 1"
9 |— ' ;L K ——— . e
) X Allmperial Valley Sites (Est. DS0). |- - R —— A,
o — Robertson & Campanella (1985) Relationship ¥ - i % ; }L, o
2 7 - Adopted Relationship for Imperial-Valley IS R s 5 N | N -5 7
g Sz ® Youd & Bennett (1983) imperial Valley Sites | —|—— - —3 A —— 6
o 5 W !mperial Valley Sites with Lab D50 B B V= N S S R 5
2 41 o i 0 g O 4
2 ity % 2
1 T [ R e : : 1
0 . < LT L S 0
0.0001 0.001 0.01 '
. Median Grain Slze. D50 (mm)
Note Assumed Propertles and Adopted Qe/N Ratio based on correlaltons from Imperial Valley, Callfornla soils
Table of Soil Types and As_sumed Properties B
Soil ' Density R&GC Adopted  Est.  Fines D50 ‘! Su
Zone Classification ucs (pcfh) QoiN QciN - 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 o IR — . [|0.13-25 soft
3 Cly ' CL/CH 125 -4 425 2540+ 90-100  0.002 ||0.25-0.5 firm
4 Sy Clay to Clay CL. 125 15 2 1540 90-100 0.010 || 0.5-1.0 siiff
5  Clayey Silt to Silty Clay MLCL 120 2 . 275 525 90-100 0.020 | %.0-2.0 very stiff
6 SandySiluo Clayey Siit oML 115 25 35 VNP—10 65-1000 0.040 >20 hard
7 Silty Sand to Sandy Silt SM/ML 115 3 5 .. NP . 3575  0.075 Dr (%) Relative Density
8  Sandto Silty Sand SPiSM 115 4~ 6 - NP 535 0150 || 0-15 veryloose
9  Sand SP 110 5. 65 NP 05 . 0300 || 1535 loose
10 Gravelly Sand to Sand- swW 115 ‘B 7.5 NP - 0—5'_ 0.600 35-65 medium dense -
11 Overconsolidated Soil ' - 120 1 1. ‘NP 90-100  0.010 65-85 dense
12 Sand to Clayey Sand ‘ SP/SC 115 2 2 NP-5 - --- >85  verydense
Geo Engineers 1nd Geologlatr _ o - . _ Plate .
ProjectNo: 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 o 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 chioride 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.

Steven K. Williams, CEG
Senior Engineering Geologist

. V0.31921
Jeffr . Eyon, PE EXPIRES 12-31°M
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 instailation.

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.
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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.
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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 Hogeniogler 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.
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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.
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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.
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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 Seismicify 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 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 Fauit 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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Table 1
FAULT PARAMETERS & DETERMINISTIC
ESTIMATES OF PEAK GROUND ACCELERATION (PGA)

Distance Maximum | Avg Avg Date of Largest Est.
Fauit Name or (mi}& | Fauit | Fault |Magnitude| Slp Return Last Historic Site
Seismic Zone Direction | Type | Length | Mmax Rate Period | Rupture Event PGA
from Sife {km) {Mw) (mmiyr} {yrs) {year) [>5.6M (year) (@ |

Reference Notes: (1) QR @ 1 @ [ & @ [ 3 | ¢ 6 |
Imperial Valley Faults

imperial 70 NE |A|B| 62 7.0 20 79 1979 (7.0 1940 0.33
Brawley 8.8 NNE ([B|B| 14 7.0 20 — 197¢ [ 658 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 64 25 24 59 1981 | 0.13
East Highline Canal 23 NE |C|C| 22 6.3 1 774 0.08
San Jacinto Fault System )

- Superstition Hills 8.5 NNW | BA! 22 6.6 4 250 1987 [ 6.5 1987 | 0.23
- Superstition Mtn. 16 NW (B|A| 23 6.6 5 500 |1440 +/- 0.16
- Elmore Ranch 28 NW |B{A| 29 6.6 1 225 1987 |59 1987 | 0.10
- Borrego Mitn 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 NW |B|A| 40 6.8 4 175 1968 |65 1968 | 0.07
- Whole Zone 15 NW |(AJA| 245 7.5 — -— 0.25
Elsinore Fault System

- Laguna Salada 16 SW [B|B| 67 7.0 35 336 7.¢ 1891 0.18
- Coyote Segment 29 W B|A} 38 6.8 4 625 0.11
- Julian Segment 55 WNWA Al 75 74 5 340 0.08
- Earthquake Valley 57 WNWBA| 20 6.5 2 351 © 0.05
- Whole Zone 29 W A|A| 250 7.5 — — 0.15
San Andreas Fault System
- Coachella Valley 45 NNWIA |A| 95 7.4 25 220 1690+/- [ 65 1948 0.10
- Whole S. Calif. Zone 45 NNW/|A[A| 458 7.9 o - 1857 |78 1857 | 013
Algodones 36 E c|C| 74 7.0 ¢.1 | 20,000 0.10
Notes:

1. Jennings (1994) and CDMG (1998)

2. CDMG (19986), where Type A fauits - slip rate >5 mm/yr and well constrained paleoseismic data

Type B faults — all other faults.

. WGCEP (1995)

3
4. CDMG (1996) based on Wells & Coppersmith (1994)
5. Ellsworth Catalog in USGS PP 1515 {1980) 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)
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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 faciors) 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

s . Near Source Factors { Seismic Coefficients
CBC Code | Soil Profile | Seismic { Distance to
Editi T Source Critical
ton ype Type Source Na Nv Ca Cv
Sp
) . . ) .74
2001 (stifF soil) A <11.3km 1.00 1.15 0.44 0

Ref. Table 16-3 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. Thereis
uncertainty in the accuracy of short-term water Ievel 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. Ifthe 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 Nygg) or Qen. A ground acceleration of 0.60g was used in the

analysis with a 12 foot groundwater depth.

Liguefaction 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 oeccur 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 2 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 afier 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 pef 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 IIl 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 overa 15-mil vapor retarder if

desired (Stego-Wrap or equivalent).

Conerete 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 componenis 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.

Landmark Consultants, Inc. Page 14
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New Turbine Generator and Cooling Tower, Heber 2 Plant LCI Report No. LE04354 (2)

Control joints should be provided in all concrete slabs-on-grade at a maximum spacing (in feet) of2
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 Il 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 granuiar 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 2 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 stope. 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.

Yy 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 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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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. i 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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APPENDIX A




W im(’"‘ f’;ﬂ R £ :;?_ :g o £ - g 8
3 E . ] * o 7
d: § ?‘_. L5 i . 2 ikt ¥ A ¥ z. £ itfikar H8a gﬂ s ,§
" o .\”'."? g Gageos £ 1 {'E
gl (e ; . ol Mkm“égﬁg
L - G o == = == T e e 7 M
L o A as. - %

(\’g ' . .2 i o Ei{/f |
[E— - —F Eishwm 1400 LANDIN - - - ) i 3. P, Bl o
e § - ey | ks e s S\ @ ~ \% ¢ [g

{ 2 g 2% : VE
S ” \ \ . B NP : 65 .
} : T - ALL AMERICAN i
? % ‘\g Anz 2 %ﬁ“ﬁl g? wﬁ““ \ @ @ Db P
B y A

Project Site

LANDMARK

Geo-Enginsers and Gealagisls

Plate
A-1

8 DBEMBESEE Company

Project No.: LE04354 Vicinity Map




Project No.: LE04354

o
1)
=
c
L
e
©
| .
L
o
*
L
e
c
L
@
=
w




& DAEFMBE/SBE Company

Soil Survey Map

<t
1
(3]
<
o]
TE
-
)
=
e}
O
2,
2
o




Soil Survey of

IMPERIAL COUNTY
ALVALLEY

CALIFORNIA
IMPERI/

AREA

1ce

Servi
in cooperation with

ion

ulture Soil Conservat

1c

United States Department of Agr

1on

University of California Agricultural Experiment Stat

and

Imperial Irrigation District



S0IL SURVEY

Absence of an enbry indicates that data wére not estimated]

TABLE 11.-—-ENGINEERING INDEX PROPERTIES

[The symbol > means more than.

102

-
112 e (=N =] L [} [=) (=T ¥ nno nuno
1 D alral ool — o — el ol Y 0N =
LRS- 0. O . o, Al ooe. (K] 1 1 ] (L [N B [ .
o == == == == o [TRRT) o [T o oo, oo = © Qo =
f. 43 A —— —— = — =0y N o= N=
o i N =) w ninn VI o
e [ | [ | Ft [} = =r = =r ™ = Lal¥~Ragl D T 1 LM 1
SE o [ 11 1t [ 11 11 1 [} v [ 1 [N !
et o 10 [ 1 [ L Uy wn =] tn noun [=R=as} 1 oown L
e ™ Mmoo Y] ) Ny a0t = =0y
-
oo oo [Ta Rty o0 N [Ta Ry = un [TaRTa BTy} us 1 Uy 73 v LY uy
(=] [l o=y ooy — o e o o hon O [2aFe ] . TN Ia
[=3 1t 11 11 L] 11 L 1 t T trt . LN !
) Y] [=R7e) oW W [ ] So oo o " " Y LS LY o TaE adia) =]
] - - — - - -t [ t= ~ 0D W o3 O o w0 N o
el ) o e e e e e e e e e e e e e e B B WO N oW N
a) ’ co oo o coo coo = coo o
L no LY==} N o =yt I=%=} o coQ [SE=%=] =] ooo <
oo O (== 2Y=] o0 @ " —— —— o — ——— —-——— it —— —
ol = [ 11 v 1 11 L (=) 1 L] Pt 1 1 1
E no no oo o mn oo [=K=] - 0 0 1 Uy W O LD w N n
Wm ~ b= B b [xa Ta\] o [2 X8 o s e N OO E ad [=.0= X" 8 [l
m oo
D @ )] n [=X=1 o
o>l o (=2 oo - D oo [=X=] (=] [=] coo coQ =) [+X=N=] o
U ol — o\ =3 11 [ oo oo =] < ooo coo =} =X =31 o
O - —uin —un nn [=%=] —— - = s - ——— — - - -
ws t~ b o [TaRT2Y _
A =] =]
=) =} o0
o~ (= oo N oo (=X~ [~ o ooa oQo o [=F=X=] [=]
= o1 =N | [=¥=1 a1 I=g=] =y} =] =] (=K== oo o coo <
—_—0 — - — jo ] — - - - -— ——— ——— — ——.— -
o o o
n
1w W
gt3htu [TaX 1]
[ ol oo (=X ) [=N=] 11 oC (=N f=) (=] 0o oo < (=R =) (=
£ B A o oo
ey & -
OF b b - = =
o 2 : , _ 4 4
-t =]
o| m ==
et o Lo -z - . - n - - ~
e Ly TS oy o oy - DO [fa V=) =r el Ell oty e~ oF o=y o
ol o= | 1= 1 0 < bt 19 [ [ 1 1 LR LA j L ] '
mT e L ot - < < < - ot o - - o o et <
4 =
b+l o SW
nl o [ -
wl o, o, . x e of - U | =
LI (LR = o Lo = [EXE] =
— e ]
> = - o= et - - - - - on -
= = == == o o, a0 I R TI .14 I = Ty =
o)UY 0w [ZR%] [N ou [ZX) = [T EOE QOX 7] OOXE %]
I e e e e e e e e - s _ P AP
@ a 1 - f ] 1= [ 1] S [ 1 > L=
oc T s 1T I n (L) (L) 1 2 1@ > 1 @ > o I 1]
] o=t = (= [ 1~ [ ' — [En B s c t . =
ke T G U G L] UOD© 1 [ 1 Bl t oo rTow -+ too o
3 w . L2} . [ cC 0 - 1w t w ] n T > 1 > G P 1 = Gt
2 ~E ~E ] - aeoD 1 . 1 . f . | 5 o 1 = > E - 1 5 > E -
> @ E© @ E @ 1 o1 L] o = I ~-E ] -E & ~T L] ERC R - gy =T =0V
o = Wo SCC Ve B Etad EE£d I Eq 1~ E e M EE LOGC ®GAECS OG5
+» el O+ S © E e ] TCUVO M©Wago I a0 1@ @ A B O QA ~AH OO D @
et ot 4 0 et 0O~ O0OH t o It mouw onon > W owunowHn > W
= o L] N -~ Q- — -l ] 1 — 1 — - ~ - - ~ - -
=] > a0 = >0 o> £ | ) m PE M~ QERTQ - OESRTE
W EQ g ETC vECC > > 0c ™o {0 B obm E bk} ExPCc@ LoHPCOECE LPHhPpCOCOGECSCS
= S o TG oDt @ ® U, M MO~ @S O Bel TAAAO ACAAOCTTA WA OB T
QA wn <G @ un Q4 m 5. i B} w0y — o — O o - o O ot oot G e et Gy Q0 Gy el O 0
S i =~ a i SO [T O A o Juw now | oo A
= Lal=] [=] o [~F=] Mo k=) o o FNO b= [=] t—=r (=]
- =0 Ceate peX¥el 0 — 0 — 0 — O WO - Qe ¥=) —am \D
=3 = 1 [ 11 tt t 11 | t rr [ 1 1 t
© [~ om (=% -] [=RY.1 [=}=] S m om Ll ooy = n - w
a - - - T - - -l - ™ -0 .
1 ] t 1 1 ‘ ] ] ] ' 1 T
1 1 1 1 1 t ¢ 1 1 t
1 t | 1 1 ] ] t 1 1
o [} ] 1 1 1 ' 1 f 1 I
= 1 ] 1 1 1 ] 1 1 1 I
© ] 1 I i 1 I I 1 1 t
=] ] 1 = i 1 t t T 1 '
(=] 1 1 [+] 1 ] 1 T r 1 i [
E £ 1 1 - | 2 t 1 ' 1 1 t
@ 1 | - ! = t 1 I I ] [ 1o
S0 1 1 e 1 o [ r 1 ! 1 1~ 1+
[} 1 + k=] [ =] [ 1 s 1 s 1~ e~ 1~
~ o 1 1 w = [ o [ ] 1 o 1 @ [ ] - ] -
L] 10 Q % ] 1~ o (-] t a 1.4 1> b 1>
Q E [ - @ ] (] > |- [~ 1 c 1 [ 12
W [ * 43 a, * T 1 o * 3 i [ * © 1~ b= P~
S o - = audad mm T e ] = © o o oo
S o= L= ] [ (=] o0 [=N1W [= X1 =] l- L] o (== -
Ll - L od — — — — — — L -

See footnote at end of table,



103

IMPERIAL COUNTY, CALIFORNIA, IMPERIAL VALLEY AREA

11,~4-ENGINEERING INDEX .PROPERTIES=~Continued

TABLE

B
1 a0 X W o ouwn o " o O wm [FaYTa) own faY=] co
Bt e e o B4 = = Ex o o 0 e o A N W —e
m oo 111 11 €00 [ 1! 11 [ ] [ [ [ ] 11 O- 11
-t e [= =0 oun [T W v o wn 197> [~ NTa) [TaR7sY oo o Ou == -9
[-NgFL NN = - oo Ny oo —_ —— -y —— == == ==
T L N [=X=] oo oo oo (=] N oo v oo cQ (=3
R I ot O = o [ ot W - = = - e ™o mon te Moy
JE |o [ 1 11 13 11 [ t 1 [ to 11 1] [ 11
ot e [=X < JTs} oo oo =X~ o0 oo N (=R wnun [« X= [oKw] [} own
ul E Y = i W N 0w i M =N oM Ny YR o —
o an W [TaTs) 1Ak} N W wnun vy v (=X~ oo no wn
= T o o O e O o - Y-, oo [=. X~ o oo mm O
[=] 1 [ -t [ 11 11 [ 11 11 11 171 [ 11
w o wwnwn i wy Uy N D us oo i oo nun W no W
m. =3 R © @ o o en w0 0 o ™t~ aw b - b~ oo Tag7
w1 0O oo [=X=] (=X~ [=X =)
= o0 o oo oo [=y=] =X [=X=] no
a0l o - [~X=1 oo oo oo [=Xe] —— oo —- - - © o o
aga| = [ co oo co [=¥=] SY=] 1 oo [ [ [ 1 [
E L U — — ——— —— — o0 ——— [N ) Tkl [Ta R Ty} (=R o) "o
ﬂw S o=y oo 0 @© © =t r—r—
A co oo oo o
& e oo - oo [=x= (=753
=] [=R=X=] oo oo [=Y=] oo SO oo oo (o) =] - —— -— - cn
o a — (=N =F=] (== [=X>=] oo oo SO I=%=3 oo (=3~ [ 1 T 1t
[y ——— —_—— - — —— —— - — —— —— —— e i u U wn
Hs hen o on o e
o [=X=} (=X =] (=% -] o
oo o0 oo (=]
[=R=N=) oo (=X [=X=] [=Xe) [=X-=] oo (=% ] OO - - — - -—-— L=
= oCco oo oo oo oo (S~ oo o0 SO P 11 1 (=3
——— —— — - ——— -— —— —-— —— —_—— 1w v Ly — i
Oven oy aven o
]
1T
L S P
o 11540 0o oo [=No oQ oo oo oo o0 L= o0 c o oo oo
L@ A Clad
b E
b e = op A 4 e o o an o o e A o = e e m i o e o e o T P Akl o M o . o o ik R e W i e Ta aan b A L S AR A e am e e e R =
[ -
(= L] 1
e b ot L
[+ =
f—y (%] : -~ - -
FE Ll et b B t-t— t=1- - [ [ WD T & Ny = ar
o] = ) L 11 [ ] 11 N} [ 11 [ 13 [ L] L]
m L - <L <t <t =t <t = -t =t - < - -l < -t - =t < )
e o e e e e o G e e 1 T e o A o e e Sl o e R o . e i e e T M e o e e T L T P 2 T i e R S O T R ok o i e e e M o e =
L : 3
! T ==
LY 11
nl -t r: 1 2
o oo oW
—d ol
| £ . - - -
=1 [ . P 3 s x T T ax | 3 i S | R o | UL = o |
oVxX [ENE] [EXE] o o [SRX} [ZLE] [~ N2 vo = E = R =X
Sy - t =~ [ - - = - ) - [ 1
E ® = E E ' E ] tE g E E 2 E E E 1 ET 1 ED b L)
o M~ b @ (R 1 1 © O a— o @ @~ 1 oc - B - [~
1. -3 oo t o 1 t o oo Qo oo o~ 1 00E tOME @ [
S - - i g [ 1 S - - -y - - - - RN 1leivn@ o 1 % =
a0 ) k= 1 S Lt - | > > - > - ] -] ] o - 1 B
> >had =T Do v 10 k) et E b @ Im By {8 - - E > o - - E 1T Qe 1o o~ voc 1 »a
@ W= E C ™ o~ o o Mt LU X [ o E @ @ - wE® 1o oo cc [
- et @ {0 — o O A0 AAO — o —~ T O - ~ Qo 1oed v 3 1t ar o 0 e~
omnmow L33 oo oo =4 OO oo [N oo o 0o~ IR Gl rd & B [
- — - - o e - j-_— e — By —t f -t -l 1 -t - b T ] Sy
(=] Trnoe UE i 3 SMDad 3 By 3 3 S mad Dy N 3y I I 3y B 1P m™N 1 m AmET I ~O
%] WHmB LB LDLEAT POSO PSP OOT DSAM WO S NT LOAT S =mm E @5 E® 5L EEWE EEC
= A Wrrtod @ Arbedrt At A At A - P P At O @ Lo T 0o o O n @ T @
A rdll . A N0 A0 HAHOO0 AN 0U e 1O O o MmO et oL A Qe > Qo n oomn
. [ZX+X"] o0 2 3 [ N7%] 0 v R [ XS] v v} o -1 7 o3 o1 -1
£ oNo N O No NO NO oo Mo Mmoo "mo o~ oy Ny o0 N O
2 - oo — 0 —0 0 —0 -— -0 -0 -0 — — —0 —0
o, J f 11 [ [ [ [ (3 [ [ 11 [ 11 1t ')
' = (=N [=NaY) (=] L= Na 13 oN any o™ om oM oo o oo oo
o - -— — — -— i -— - — — — — -
e e o i A i Al et o Al ke e 8 e S A i . 2 P B e e e et e ok e A1 o T B P o o o B e T S T e o e e AR P eV e g b i i e e e e
| 1 ] ) 1 I [] ] ] ] 1 ] 1
1 1 I 1 ] 3 1 ] 1 ] ] 1 ]
1 1 t 1 1 t 1 1 1 ] ' 1 1
-] ¥ 1 t 1 B | t 1 1 L] ' 4 1 t
c T 1 t 1 « 1 t 1 1 1 1 [} 4 1
& - 1 1 ' | | I 1 1 1 ] ' ' '

[+ 1 ] ] ] ] ] 1 1 1 1 ] ] ]
-] t T ' | 1 ' T 1 1 1 1 1 1
EE 1 1 ' ] ] ' 1 1 ] 1 1 ] ]
| -] 1 ¢ ¥ [ 3 1 1 1 T 1 1 ]
= o - — [ [ P~ — 1 - 1 1 1 [} ]

— @ t @ 1@ [ © s L] 5 [l ! ! !
— -t -t t -~ [ 3. [ — @ ot [1+] Ll 1 ] | —
-t m > - [ [ [ s - - o - o -] ' "o
O E = 4 P r & T o [ P =] - w = ot P FL] "o
w - et =8 o L= (<3 * 0, L] * O, o -7 = T3 o4 » o
- O E N E ™ E =T E v E —~ 0 E — —-c o s -t oo
—_ — — -t — — - %) — - &) el | Lol | - [y} O 3

— -— — -— ~— — — — —

Bee footnote at end of table.



R - — =
E [y =
"3 E
: g
& ~ &
2
3
B i5

Fd

LATERRL
DRAIN

n
U
3

L o T

PATE

DRAIR
-
s

i
3
DOSWODD

DATE
'

o DAEE O, s

g

I
0
.
&
g

el — :
e y

EEwwife oAl im e S L SArE TS B s ]

L LEVEE . L DOSWGOD W
e EEVEE e S DR s : ;
Sl R e

I

Slﬂ_

| DRAIN
agwng Sta

\ | / Projec E?ite .

N

LAT

-
kol
W
=

T

BEECH

W ol SESEH., 1 N Y

Pelluahamrauenggn. s peasuysend BBy S
— T NNE LA . 4 1= i
3D TopoGeals Gpyrig 0 199 Del e Varumath, MEOABS Sowre DO USGS | ot S 1: 209 Detalk 13 Do WGSH

Project No.: _LE04354 Topographic Map




APPENDIX B




DEPTH (FEET}

CLIENT:
PROJECT:
LOCATION:

INTERPRETED
From Robertson &

ORMAT

CONE PENETROMETER: HOLGUIN, FAHAN & ASSC. Truck Mounted Electric

ORMAT Heber 2 Facilities, Heber, CA
See Site and Boring Location Plan

DATE: 12/20/04

Cone with 23 ton reaction weight

SOIfL

PROFILE
Campanella {1989)

LOG OF CONE SOUNDING DATA CPT-1

100

TIP RESISTANCE
Qc {tsh
200

300

SLEEVE FRICTION
Fs (tsf)
2 4 8

8

_GROUND EL. +/-
Clay

CL/ICH hard

| _Sandy Siit to Clayey Silt

ML verydense

FTT]TT1d

Igl I

h

FRICTION RATIO
FR = Fs/Qc (%)
¢ 2 4 ] 8
-

l;(

/

T
L ] SillySand to Sandy Sitt SM/ML  very dense 5
| | _SitySendtoSandySilt " "  verydense ———=— ] =
L Silly Clay to Clay CL stiff
|} Silty Clay to Clay "ot sliff } } /‘__i
L oy CLICH  siift \ \\ i
L J Cray "o" stiff
L . Clay L 11§ L L L~
L10- Clay "' very stiff 10 é
L Clay " very stiff { f ;
|, ] SityClaylo Clay CcL very sliff 5
L ] clay CLCH  stiff }
| | Clay "ot very stiff § { <
[ Ciay "om very siff
L ] Clay To" very stiff g é g
. J Clay "ot very stiff
. | Clay "ot very siiff } 1
|~y Clay "o vary siiff
_20_ Clay "on st 2 g =1
L Clay "o verystiff —.a=<"
| | Clay "ot very siiff q l N
L _| Clay "ot very stiff z -
L | Clay " very siiff / f T
L 4 Clay nou very stiff i
L ] Clay " " very sliff } } g
. | Clay "o verysliff -
L ] Clay "o verysliff { g E
L 30- Clay "t very stff 0 :>
| .| Clay " very stiff D
.| Clay "ot very stiff { { S-
L 1 Clay "ot very stiff ) ) }
L | clay "o sfiff
[ 7 ciay non g \( L >
L | Ciay "M veryshiff [
J.Clay " " verystiff > ) /
_|_Clayey Silt o Silty Clay MU/CL  very sliff __/_'
" | sityclayto Clay cL sui ? > >
[ 40-] ClaveySiltto Sitty Clay MUCL st 4 =]
("] clayeysittoSityClay * " stif } > >
Ll ClayeySiltto Silty Clay * *  stiff
| I ClayeySiltto SiltyClay " " very stiff } ? ?
. I ClayeySittto Silly Clay “ " very siiff
| ] ClayeySiltto SiltyClay ™ "  very stiff ’ e <J
. . ClayeySiltto Sty Clay " " siiff )
L | Sendy Siltto Clayey Sit ML vary loase ( ! }
N Sandy Siltto Clayey St " " wveryloose
i Clayey Silt lo Sty Clay _MLCL _stiff l ,
~50+ 50
D |
|, _} EndofSounding @ 49.5f. |
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1989, refer to Key to CPT logs)

ject: ilities, Heber, CA Praject No: LE0Q4354 Date; 12/20/04
ONE SOUNDING: CPT1
Est GWT (f: 12.0 Phi Correlation: 0 0-Schm{78) 1-R&C{83),2-PHT(74

Base Base Avg Avg 1 Est. Qc cn Est. Rel Nk: 17.0
Depth Depth  Tip Friction Soll Soll Densityor Density to SPT or Norm. % Dens. Phl Su
meders feet Qc, tsf Ratio, % Type Classification Usc Consistency {pcf) N N{60) Cqg Qctn FinesDr{%) {(deg.) ({tsff OCR
015 05 3182 10433 3 Clay CL/ICH  very stiff 126 1.3 25 200 95 1.87 >10
030 1.0 7119 350 6 © Sandy Siltto Clayey Silt ML very dense 115 3.6 20 200 1346 45 107 43
045 15 7838 3278 6 SandySiltio Clayey Sit ML very denss 115 35 22 200 1444 40 102 42
060 20 8821 288 6 6 Sandy Siltto Clayey Silt ML very dense 115 35 25 2.00 1668 35 101 42
075 25 9419 253 7 7 SilySandfoSandy Silt  SM/ML  very dense 115 45 21 200 178.0 30 100 42
0.93 30 10194 2357 7 Sily Sandto Sandy Siit SMML  verydense 115 45 23 200 1927 30 99 42
108 35 12324 166 8 8 Sandto Silty Sand SPISM  very dense 115 55 22 200 2330 20 102 42
123 40 5393 299 6 6 SandySiltto Clayey Silt ML dense 1156 35 16 200 1019 45 76 39
138 45 1643 4183 3 Clay CL/CH  stiff 125 1.3 13 200 85 095 >10
153 50 1553 3.80 4 4 Silty Clay to Clay CL stiff 125 18 9 195 85 090 =10
188 55 13.99 3.48 4 4  Silty Clay to Clay CL stiff 125 18 8 1.B5 85 0.80 >10
1.83 60 10.16 242 5 6 Clayey Siltto Silly Clay  ML/CL  stiff 120 25 4 176 85 058 >10
1.98 65 1041 3554 4 SlliyClayto Clay CL stiff 25 18 6 1.69 95 059 >10
213 70 1162 4383 3 Clay CL/ICH  stiff 25 13 9 162 100 066 >10
228 75 13.29 444 3 3 Clay CL/ICH  stiff 126 1.3 11 156 95 0.76  >10
245 8.0 1455 4933 3 Clay CL/CH  stiff 125 13 12 151 95 0.83 >0
280 85 1390 496 3 3 Clay CL/CH  stiff 125 13 11 146 100 0.79 >10
275 9.0 13.23 4083 3 Clay CL/CH  sfiff 125 1.3 11 142 95 0.75 =10
280 95 1366 468 3 3 Clay CL/ICH  stiff 126 1.3 11 138 100 677 »10
3.05 100 2688 5003 3 Clay CLICH  very stiff 125 1.3 22 134 80 185 »>10
3.20 105 2169 5013 3 Clay CLICH  very stiff 1256 1.3 17 132 20 124 >10
335 11.0 1984 4853 3 Clay CL/ICH  very stiff 126 13 16 1.30 85 113 =10
350 115 2131 445 4 4 Silly Clay to Clay CL vary stiff 126 1.8 12 1.29 90 1.22 >10
365 120 18.97 400 4 4 Slliy Clay to Clay CL very stiff 125 18 11 127 90 1.08 >0
380 125 1682 3.88 4 4 Silty Clay to Clay CL stiff 125 1.8 10 1.26 95 095 >10
395 13.0 18.18 4913 3 Clay CLICH  very stiff 125 13 15 1.4 100 103 >10
413 135 17.33 5433 3 Clay CL/CH  stiff 126 1.3 14 123 100 098 »10
428 140 17.04 5463 3 Clay CLICH  stiff 125 1.3 14 122 100 096 >10
443 145 21.1 5453 3 Clay CL/ICH very stiff 125 13 17 1.20 100 120 =10
458 150 19.86 5213 3 Clay CL/CH  very stiff 125 13 16 1.19 100 113 =10
473 158 2341 480 3 3 Clay CLICH  very stiff 125 13 19 1.18 95 133 >10
488 160 20.50 5513 3 Clay CL/CH  very stiff 125 1.3 16 1,17 100 116 *>10
503 165 2194 5883 3 Clay CLICH  very stiff 25 13 18 1.15 100 124 =10
518 17.0 19.22 5483 3 Clay CL/ICH  very stiff 126 1.3 15 1.4 100 1.08 >10
533 175 2757 5033 3 Cly CL/CH  very stiff 25 13 22 113 95 157 =10
548 180 23.29 5223 3 Clay CLICH  very stiff 125 1.3 19 112 100 132 =10
665 185 2085 667 3 3 Clay CL/CH  very stiff 125 1.3 17 111 100 1.18 =10
580 180 2133 6773 3 Clay CUCH  very stiff 125 13 17 110 100 120 =10
595 195 2197 62863 3 Clay CUCH  very sliff 125 1.3 18 1.09 100 124 >0
6.10 200 21.34 7093 3 Clay CLICH  very stiff 125 1.3 17 1.08 100 1.20  >10
625 205 1548 5723 3 Clay CL/CH  stiff 126 13 12 1.07 100 0868 5.53
640 210 15.87 5203 3 Clay CL/CH  stiff 125 13 13 1.08 100 0.88 5.65
655 215 26,53 5793 3 Clay CL/CH  very stiff 125 13 21 105 100 150 >10
870 220 2719 6213 3 Clay CL/CH  very stiff 1260 13 22 1.05 100 154 >10
685 225 29,12 6183 3 Clay CL/CH  very sliff 125 13 23 104 100 165 >10
700 230 2440 7413 3 Clay CL/CH  vary stiff 125 13 20 1.03 100 138 =10
7.18 235 2974 7653 3 Clay CLICH  very stiff 125 13 24 1.02 100 169 >0
733 240 3124 7013 3 Clay CLICH  very stiff 125 13 25 1.01 100 118 >10
748 245 3.7 6743 3 Clay CL/ICH  very siiff 126 13 25 1.01 100 1.80 =10
7.63 250 2838 53 3 3 Cly CUCH  very stiff 26 13 23 1.00 100 1.61 >10
7.78 255 25.50 5793 3 Clay CL/ICH  very stiff 126 1.3 20 099 100 144 >10
793 280 2123 6013 3 Clay CUCH  very stiff 25 13 17 098 100 118 7.00
808 2865 1941 6263 3 Clay CLICH  very stiff 126 1.3 16 088 100 108 6.00
823 270 2110 6123 3 Clay CL/CH  very stiff 126 1.3 17 097 100 117 6865
8.38 275 20.13 6303 3 Clay CL/CH  very stiff 125 13 16 086 100 112 6.00
8.53 280 19.23 5663 3 Clay CL/CH  very sliff 125 13 15 098 100 1.06 542
8.68 285 20.08 5653 3 Cly CL/CH  very stiff 125 13 16 095 1060 111 576
8.85 290 2055 5673 3 Clay CL/ICH  very stiff 126 13 16 094 100 1.14 5.88
9.00 295 20.78 700 3 3 Clay CL/CH very stiff 125 13 17 0.94 100 116 5.88
9.15 30.0 22.80 688 3 3 Clay CL/CH  very stiff 125 1.3 18 093 100 127  6.65



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

_— ber, CA Project No: LEQ4354 Dafe: 12/20/04
EONE SOUNDING: CPT-1

Est GWT ity _12.0 Phi Cortrelation: 0 0-Schm{78),1-R8C(83),2-PHI{#4]
Base Base Avg Avg 1 Est. Qe Cn Est. Rel. Nk 17.0
Depth Depth Tip Friction Soil Soil Densityor Density to SPT or Norm. % Dens. Phi Su
metars fest Qe fsf Ratio, % Type Classification UsC Consistency _ {(peh_ N N(60) _Cq Qcln FinesDr{%) {deg) {isf) OCR
930 305 21.60 5893 3 Clay CL/ICH  very stiff 126 1.3 17 093 100 1.20 6.00
245 .0 1719 638 3 3 Clay CL/CH  siff 125 13 14 092 100 * 084 400
960 315 20.05 547 3 3 Clay CLICH  very stiff 125 13 16 092 100 110 5.0
975 320 1947 5503 3 Clay CLICH  very siiff 126 1.3 16 0.9 100 1.07 4.8
990 325 21.74 5633 3 Clay CLICH  very siiff 126 13 17 0.90 100 1.20 b5.53
10,05 33.0 23.37 5763 3 Clay CLICH  very stiff 126 13 18 0.90 100 130 6.10
10.20 33.5 20.39 5563 3 Clay CL/ICH  very stiff 126 1.3 16 0.89 100 112 478
10.38 34.0 15.97 51423 3 Cly CL/GH  stiff 125 13 13 0.89 100 086 3.28
10.53 345 1645 4483 3 Clay CLICH  sfiff 125 13 13 0.88 100 089 3.356
1068 350 1850 4963 3 Clay CLICH  very stiff 126 13 15 0.88 100 1.04  3.91
1083 355 19.11 405 4 4 Siity Clay to Clay cL vary stiff 125 1.8 11 087 100 1.04 521
10.98 360 20.64 5863 3 Clay CL/CH  very stiff 25 1.3 17 0.87 100 1143 447
11.13 365 2544 5723 3 Clay CL/CH  very stiff 125 1.3 20 086 100 141 621
11.28 370 3172 4.84 4 4 Silty Clay to Clay cL very stiff 125 1.8 18 0.6 100 178 >0
11.43 375 2549 377 5 5 ClayeySitto Sity Clay  ML/CL  very sfiff 120 25 10 085 100 1.41 >10
1158 380 1768 248 5 5 ClayeySitto Silly Clay  ML/CL  stiff 120 25 7 085 100 0.95 5.65
11.73 385 1525 347 4 4 SillyChayto Clay cL siiff 126 18 9 085 100 081 335
11.88 39.0 20.64 484 3 3 Clay CLICH  very stiff 125 1.3 17 0.84 100 .13 4.00
1205 395 1550 351 4 4 Sitty Clayto Clay cL stiff 125 18 9 0.84 100 082 3.28
1220 400 1477 200 5 5 ClayeySilito SityClay  ML/CL  stiff 120 25 6 083 100 078 391
1235 405 13.50 207 5 5 ClayeySiltto Sty Clay  ML/CL  sfiff 120 25 5 0.83 100 0.70 3.43
1250 410 1596 329 4 4 Silty Clay to Clay CL stiff 125 18 9 0.82 100 085 3.28
1265 41.5 15.32 305 5 5 Clayey Siit to Silty Clay MLACL  stiff 120 25 6 082 100 081 440
1280 420 1474 2015 § ClayeySiltto Silty Clay  MLICL  stiff 120 25 6 0.82 100 077 3.68
1295 425 1748 254 5 5 ClayeySiltto Silty Clay  MUCL  stiff 120 25 7 081 100 093 478
13,10 43.0 2247 280 5 5 ClayeySitto Sity Clay  MLICL  very sliff 120 25 9 0.1 100 1.23 713
13.256 435 20.78 2496 5 ClayeySiltto Silty Clay MLCL  very stiff 120 25 8 081 100 113 6.21
1340 440 21.29 262 5 5 ClayeySilttoSiltyClay ML/CL very stiff 120 25 @ 0.80 100 116 643
13.58 44.5 19.71 2355 5 ClayeySilttoSiltyClay  MLCL  wvery stiff 120 25 8 080 100 106 553
13.73 45.0 19.80 2175 5 ClayeySitttoSiity Clay  ML/CL  very stiff 120 25 8 0.80 100 105 542
13.88 455 18.05 184 6 6 SandySiitto Clayey Silt ML very loose 116 35 5 079 13.5 100 13 30
1403 460 1742 2205 6 ClayeySiittoSilty Clay  MUCL  stiff 120 256 7 079 100 092 428
1418 465 19.49 203 6 6 SandySitfoClayeySilt ML very locse 115 35 6 079 145 100 15 30
1433 470 17.99 2105 § ClayeySiittoSilty Clay  ML/CL  stiff 120 25 7 078 100 096 4.37
14.48 475  16.62 1856 § ClayeySittoSilty Clay  ML/CL  stiff 1206 25 7 0.78 100 088 3.83
1463 480 1666 1915 5 ClayeySilttoSiltyClay ML/CL  stiff 120 25 7 078 100 088 383
14.78 485 1596 183 5 5 ClayeySiltto Silty Clay ~ MUCL  siiff 120 25 6 0.77 100 083 3.58
1493 490 1556 178 5 5§ ClayeySiltto Silty Clay  ML/ICL  stiff 120 25 6 077 100 081 3.35
1510 495 14.89 148 6 B SandySiltto Clayey Silt ML very loose 115 35 4 077 108 100 7 29



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 weight

DATE: _12/20/04

LOG OF CONE SOUNDING DATA CPT-2

Project No:

& ,
ﬁ-", INTERPRETED SOIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
it | From Robertson & Campanella {1989) Qe (tsf} Fs (tsh) FR = Fs/Qc (%)
g o f 0 100 200 300 400 0 2 4 6 g8 0 2 4 B 8
ROUND EL. +/-
| _| Overconsolidated Soil 77 very dense 0 —I _!_'_Z I ] I ’ ' I | I I | I | _[ ] I ! I ‘¢ ]
| ] Overconsolidated Soit " " very dense [
| Silty Sand to Sandy Silt SMML  very dense Qz / /
| | SillySandlo Sandy Sit " " verydense
| _|_Silty Sand to Sandy Silt " " very dense
| _| ClayeySilt to Siity Clay ML/CL _hard — ] e / ¥'~>
[ 1 oay CUCH sif } 2 P
|| Silly Ciay to Clay cL stiff ‘_C
U] cray CLCH st \ \ ?
Lan. Clay "or sliff
_1 0__ Clay "o sl " } 2 z
L ] Chay "o sliff
| j clay " s ' k H é?
L . Clay " very stiff
L ] Clay "o very siiff { i
| Clay "t very stiff 2
. ] Clay "' very stiff
. Cay " very stiff ? < =
[ Clay * o very sliff L S é
| an.| Clay "o very stiff
_20__ Clay wo g 2 L) (] ?
| .| Clay " very shiff P
L J Clay "% very sfiff { § <’j
| | Clay " very sliff ==t
. | Clay "ot very stiff { ; ;
| | Clay "M very stiff
. J Clay "M very shiff { i d
. I Clay v very stiff
| Clay " very stitf ( { a
30 Clay " very stiff 30 b
|~ 4 Clay "ot very sHff \ L é
L ] Clay "t very sliff = =
L _ Clay "o very shiff [ f
. .| Clay "o very stiff
| ] Clay "ot very sliff { %
L ] Clay "ot very sliff
I ] Clay "ot very siiff < { \f
| 4 Clay " very siiff
. 1 Clay " very stiff ) ) /
L 40~ Silty Clay ta Clay cL very stiff a0 I
. | _Sily Clay to Clay " " verystiff 2 ‘) r(
.| ClayeySlitio Silly Clay MUCL very skiff
. J ClayeySiltio Silty Clay " "  very stiff ﬁ S §
| J ClayeySiitio Silty Clay " *  very stiff
. | ClayeySittoSiltyClay ™ *  very stiff ) > >
. | _ClayeySilito Silty Clay " " very sliff
| | SandySiltto Clayey St ML veryloose ( (
L Clayey Silt to Silly Clay ML/CL  very stiff \
L] sandySiitto Clayay Silt ML veryloose { é <
50 Sandy Silt lo Clayey Silt " " very loose 50— ) [
. . End of Sounding @ 50.0 ft.
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robsrison & Campanella, 1989, refer to Key to CPT logs)

—-Prajeck: . iliti r, CA Project No: [ £04354 Date: 12/20/04
FONE SOUNDING: CPT-2
Est GWT (t: 12.0 Phi Comrelation: 0 0-Schm{78)1-R&C{83).2-PHT{74)

Base Bass Avg Avg 1 Est. Qe Cn Est. Rel. Nk: 17.0

Depth Depth  Tip  Friction Soll Soll Densityor Density to SPT or Nom. % Dens. Phi Su

meters_feel Qg tsf  Ratig, % Type Classification USC Congistency _fpefl N N60) Cg  Qeln Fines Dr (%) (deg.)  (is OCR
015 05 70.28 452 5 5 ClayeySiltio Silty Clay  MU/CL  hard 120 25 28 200 50 413 >0
030 10 77.82 597 11 11 Overconsolidated Soit ?? very dense 120 1.0 78 200 1474 55 110 43
045 1.5 9198 $.3111 1t  Overconsolidated Soil 7? very dense 120 1.0 92 200 1739 50 107 43
060 2.0 120.94 378 6 6 SandySiitto Clayey Silt ML very dense 115 3.5 37 200 2456 35 113 44
075 25 118.62 311 6 6 SandySitto Clayey Slit ML very dense 115 3.5 34 200 2261 30 107 43
093 3.0 13768 2517 7 SiltySandtoSandySilt SMML very dense 115 4.5 31 2.00 2603 26 108 43
1.08 3.5 14087 2307 7 SiliySandtoSandySit SMML very dense 115 45 31 200 2663 25 106 43
1.23 40 138.35 204 7 7 SitySandtoSandySit SMML verydense 115 45 31 200 2634 20 104 43
138 45 14485 2017 7 SiltySandtoSandySilt  SMAML verydense 115 45 32 200 2738 20 103 42
1563 50 113.08 224 7 7 SiltySand {o Sandy Silt SMML  verydense 115 45 25 1.956 2089 25 84 41
168 65 5270 3385 § ClayeySiltto Silty Clay  ML/ICL  hard 120 25 21 186 50 308 >0
183 60 1387 4913 3 Clay CL/CH  stiff 125 1.3 11 177 95 080 =10
198 65 1508 5363 3 Clay CL/ICH  stiff 125 1.3 12 170 g5 087 >10
213 10 1477 4813 3 Cly CL/CH  stiff 125 1.3 12 1863 95 085 >10
228 75 1338 3903 3 Cly CL/CH  stiff 125 13 11 157 ag 076 >10
245 8.0 12.25 327 4 4 Sily Clay fo Clay cL stiff 1256 1.8 ¥ 1.%1 a0 0.69 =10
260 85 1134 38 3 3 Clay CLICH  stiff 126 13 9 146 100 0.64 9.79
275 90 13.62 443 3 3 Clay CL/CH  stiff 126 13 11 142 a5 0.77 >10
280 95 1476 497 3 3 Clay CLICH  stiff 125 1.3 12 138 100 084 >10
3.05 10,0 15.04 5193 3 Cly CL/CH  stiff 125 1.3 12 1.34 100 085 >10
320 105 17.24 65813 3 Clay CLICH  stiff 125 13 14 133 100 098 >0
335 110 17.82 5313 3 Clay CL/CH  very stiff 125 13 14 1.3 100 101 >10
350 115 16.22 4533 3 Clay CLICH  stiff 126 13 13 1.29 100 092 >0
3.65 120 14.50 4453 3 Clay CLICH  stiff 126 13 12 1.28 100 082 9.19
3.80 125 1595 4893 3 Clay CL/CH  sfiff 125 1.3 13 1.28 100 080 =10
3.95 13.0 16.10 5073 3 Clay CL/CH  stiff 126 1.3 13 125 100 0.91 >10
413 135 2052 8553 3 Clay CL/CH  very stiff 125 1.3 16 1.23 100 117 >10
428 140 2248 6553 3 Clay CLICH  very stiff 125 13 18 1.22 100 128 >10
443 145 2089 6423 3 Clay CLICH  very stiff 126 1.3 17 1.2 100 119 =10
4.56 150 17.79 5373 3 Clay CLCH  very stiff 125 1.3 14 119 100 1.00  >10
473 1586 1947 5863 3 Clay CLICH  vary stiff 126 1.3 16 118 100 140 >10
488 160 1876 5773 3 Clay CLICH  very stiff 125 1.3 16 147 100 112 >10
503 165 2253 5913 3 Clay CLICH  very stiff 125 1.3 18 1.18 100 128 >10
5.18 17.0 21867 5093 3 Clay CLICH  very stiff 126 1.3 17 115 100 123 >10
533 175 2215 8773 3 Clay CLICH  very stiff 125 13 18 113 100 125 >10
5.48 180 2143 6103 3 Clay CLICH  very stiff 126 1.3 17 142 100 121 >10
565 185 21.56 5343 3 Clay CLICH  very stiff 125 1.3 17 1.1 100 122 >0
580 9.0 2273 5723 3 Clay CLICH  very stiff 125 13 18 110 100 1.28 =10
5.95 195 3063 5483 3 Clay CLICH  very stiff 125 13 25 1.09 95 176 >10
6.10 20.0 17.95 6143 3 Clay CL/CH  vary stiff 125 13 14 1.08 100 1.00 7.4
625 205 17.30 6703 3 Clay CLICH  stiff 126 1.3 14 107 100 0.96 685
640 210 1660 6983 3 Clay CLICH  stiff 126 1.3 13 107 100 092 6.10
855 215 2875 7443 3 Clay CU/CH  very stiff 125 13 2t 1.06 100 152 >0
670 220 2817 6813 3 Clay CLICH  very stiff 125 13 23 1.05 100 160 »10
685 225 2017 724 3 3 Clay CLICH  vary stiff 125 13 16 1.04 100 113  7.85
7.00 230 16.15 5623 3 Clay CLICH  stiff 126 13 13 1.03 100 089 521
718 235 2137 6843 3 Clay CUCH  vary stiff 125 1.3 17 1.02 100 120 8.27
7.33 240 2423 598 3 3 Clay CLICH  vary stiff 126 1.3 19 1.02 100 136 =10
7.48 245 27.09 688 3 3 Clay CUCH  vary stiff 126 13 22 1.01 100 1583 >10
7.63 250 23.97 646-3 3 Clay CLICH  vaery stiff 126 1.3 19 1.00 100 135 938
7.78 255 2590 698 3 3 Clay CUICH  very stiff 126 1.3 21 0.99 100 148 >10
7.93 260 2480 6173 3 Clay CLU/CH  vary stiff 125 13 20 0.99 100 138 9.59
8.08 265 2294 566 3 3 Clay CL/CH  very stiff i25 13 18 0.98 100 1.28 8.00
823 270 22.28 5923 3 Cay CL/ICH  very stiff 125 1.3 18 0.87 100 124 7.27
838 275 2015 6143 3 Cly CL/CH  very stiff 126 1.3 16 0.97 100 142 610
8.53 280 2413 6053 3 Clay CL/CH  very stiff 125 13 19 098 100 135 B8.14
868 285 2828 58 3 3 Clay CL/CH  very stiff 125 13 23 085 100 159 =10
885 200 2602 5733 3 Clay CL/ICH  very stiff 125 13 21 095 100 146 885
9.00 205 28.08 6013 3 Clay CL/ICH  very stiff 125 13 22 094 100 158 =10
915 30,0 2872 857 3 3 Clay CLICH  very stiff 126 13 24 093 100 1.68 >10




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

oject: ORMAT Heber 2 Fagilities, Heber, CA Project No: LEQ04354 Date: 12/20/04
CONE SOUNDING: CPT-2
Est. GWT {f): 12.0 Phi Correlation: 0 __0-Schm(78),1-R&C(E3) 2-PHT(74)
Base Base Avg Avg 1 Est. Q¢ Cn Est. Rel Nk: 17.0
Depth Depth  Tip Friction Soil Soil Densityor Density to SPT or Nom. % Dens. Phi Su
meters_feet Qg tsf Ratio, % Type Classification USC  Consistency  (pch N N(60) Cq Qcin FinesDr{%) (deg.) (isf) OCR
930 305 2855 6413 3 Clay CL/CH  very stiff 125 13 23 083 100 1.61  >10
945 3.0 3107 6843 3 Clay CL/ICH  very stiff 125 13 256 0.92 100 1.75 >10
960 315 3471 6593 3 Clay CLUCH  very stiff 125 1.3 28 0.92 100 197 =10
9.76 320 3527 6253 3 Clay CL/ICH  very stiff 125 1.3 28 0.9 100 2.00 >10
9.90 325 3101 5653 3 Clay CL/CH hard 1256 13 30 0.8 100 2.10 >10
1005 33.0 32,37 5313 3 Clay CL/CH  very stiff 125 13 26 0.90 100 1.83 >0
10.20 335  30.28 8703 3 Clay CLICH  very stiff 125 1.3 24 0.89 100 170 9.59
10.38 34.0 29.97 5713 3 Ciay CL/CH  very stiff 125 1.3 24 0.89 100 168 9.19
1053 345 34.16 5423 3 Clay CL/CH  very stiff 125 13 27 0488 100 1.93 >10
1068 350 3153 5443 3 Clay CL/CH  very stiff 125 13 25 088 100 177 979
1083 355 3318 4824 4 Siity Clayto Clay CL very stiff 125 18 19 087 100 187 =10
1098 360 3141 5323 3 Clay CLICH  very stiiff 126 1.3 25 0.87 100 177 919
11,13 365 2895 494 3 3 Clay CLICH  very stiff 125 13 23 0.86 100 162 7.70
1128 370 2374 5433 3 Clay CL/CH  very stiff 125 13 19 0.86 100 131 542
1143 375 2403 5193 3 Clay CL/CH  very stiff 125 13 19 0.85 100 133 542
11.58 380 2873 516 3 3 Clay CLICH  very stiff 126 1.3 23 085 100 1.80 7.13
11.73 385 2089 5193 3 Clay CL/ICH  very stiff 125 13 24 0.85 100 167 7.56
11.88 39.0 29.55 5053 3 Clay CL/CH  very stiff 126 13 24 084 100 1658 7.27
12.06 395 2532 4723 3 Chy CL/CH  very stiff 126 1.3 20 0.84 100 140 553
12.20 400 22.19 4463 3 Clay CLICH  wvery stiff 126 1.3 18 0.83 100 1.22 437
12,35 405 2443 4304 4 SilyClayto Clay cL very stlff 125 1.8 14 0.83 100 135 6.54
1250 410 2485 366 5 5 Clayey Silt to Silty Clay ML/CE  wvery stiff 120 25 10 082 100 137 939
12656 415 2120 3255 5 ClayeySilttoSillyClay MLUCL  verystiff 120 25 9 082 100 1.16 6.88
12.80 4240 19.81 304 5 5 Clayey Siltto Silty Clay ML/CL  very stiff 20 25 8 0382 100 1.07  86.00
12.85 425 18.87 279 5 & ClayeySiltto Silty Clay  MU/CL  very stiff 120 25 8 0.81 100 .02 542
13.10 43.0 1980 248 5 5 Clayey Siitto Silty Clay ~ ML/CL  very stiff 120 25 8 081 100 106 576
1325 435 21.70 284 5 5 Clayey Siltto Silty Clay ML/CL  very stiff 120 25 9 081 100 . 1.18 6865
13.40 440 2224 262 5 5 Clayey Siltto Silty Clay ML/CL  very stiff 120 25 9 0.80 100 1.21 6.88
13.58 445 2252 278 5 5 Clayay Siltto Silty Clay MLICL  very stitf 120 25 9 080 100 1.23 6.88
13.73 450 2518 3775 § ClayeySiltto Silty Clay  ML/CL  very stiff 120 25 10 0.80 100 138 8.27
13.88 455 28.20 3805 5 ClayeySiltto Silty Clay  MUCL  very stiff 126 25 10 079 100 144 8.85
1403 460 2444 3026 5 ClayeySittoSityClay MUGCL  very stiff 120 25 10 0.79 100 134 7.70
14,18 465 2265 243 5 5 Clayay Sl to Silty Clay ML/CL  very stiff 20 25 9 079 100 1.23  6.54
1433 470 2081 198 6 6 Sandy Silt to Clayey Silt ML very loose 15 35 6 078 154 100 17 30
1448 475 2051 2126 6 SandySitto Claysy Siit ML very loose i1 35 6 078 151 100 17 30
1463 480 2261 2505 5 ClayoySltioSityClay MLICL  very stiff 120 25 9 078 100 1.23 632
1478 485 20.83 2136 6 SandySIitio Clayey Sit ML vary loose 115 35 & 077 152 100 17 30
1493 490 20493 227 5 & Clayey Silt to Silty Clay ML/CL  very stiff 120 25 8 077 100 113 542
15.10 495 20.67 2116 6 SandySiltto Clayey Sit - ML very loose 116 35 6 077 150 100 16 30
1525 500 19.06 2255 5 Clayey Silt fo Siity Clay ~ MU/CL  very stiff 120 25 8 076 100 1.01 447




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

PROJECT: ORMAT Heber 2 Facilities, Heber, CA Cone with 23 ton reaction welght
LOCATION: See Site and Boring Location Plan DATE: 12/20/04

LOG OF CONE SOUNDING DATA CPT-3

i
..E, INTERPRETED SCIL PROFILE TIP RESISTANCE SLEEVE FRICTION FRICTION RATIO
Z | From Roberison & Campanella {1989) Qe (tsf} Fs {isf) FR = FsiQc (%)
E 1 100 200 300 400 o 2 4 6 8 0 2 4 6 8
ROUND EL, 4/~
Toa ™ o e (TR T (R T T (TS
_t _Clay " "  had
_| _Sandy Silt to Clayey Siit ML very dense } /
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T ey CUCH stiff 8’ e’ 2
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] cray sl ( & <]
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION (based on Robertson & Campanella, 1988, refer to Key to CPT logs)

oject: ORMAT Heber 2 Facilities, Heber, CA Project MNo: LE04354 Dafe: 12/20/04
CONE SOUNDING: CPT-3
Est GWT (fty_ 12.0 Phi Correlation: 0 0-Schm{78),1-R&C{83).2-PHT(74)

Base Base Awvg Avg 1 Est. Qo Cn Est. Rel Nk: 17.0

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

meters _feet Qe isf Ratio, % Typa Classification USC Consistency  (pcfl N N{6Q) Cg Qelin Fines Dr (%) {deg) ({isf) OCR
0145 05 5176 336 5 5 ClayeySiitto Sitty Clay  MWCL  hard 120 25 21 200 50 304 10
030 1.0 4642 756 3 3 Clay CL/GH  hard 125 1.3 37 200 75 273 10
045 15 4035 6793 3 Clay CL/CH  hard 125 1.3 32 2.00 75 237 >0
060 20 6172 480 4 4 Silty Clayto Clay cL hard 125 1.8 35 200 55 382 >10
0.75 25 109867 3.07 8 6 SandySiltto Clayey Sitt ML vary dense 115 35 31 2.00 2073 35 104 43
093 30 11860 284 7 7 SlitlySand to Sandy Siit  SM/ML  very dense 115 45 26 200 2242 30 103 42
1.08 35 127.70 243 7 7 Silty Sand to Sandy Silt  SM/MML  very dense 115 45 28 200 2414 25 103 42
1.23 40 13118 202 7 7 Silty Sand to Sandy Silt  SM/ML  very denss 15 45 20 200 2479 25 102 42
133 45 14755 1.96 7 7 Silty Sand to Sandy Silt  SM/ML  very dense 115 45 33 200 2789 20 103 42
1.53 50 148.38 205 7 7 Sty Sand to Sandy Silt  SM/IML  very dense 115 45 33 194 2717 20 102 42
1.68 55 111.44 2.28 7 7 SlitySand to Sandy Siit  SMML  very dense 115 45 25 1.85 1944 25 92 41
1.83 60 4017 402 5 8§ ClayeySilttoSilty Clay MUCL hard 120 25 18 1.76 60 234 10
198 65 1336 518 3 3 Clay CL/ICH  siiff 126 13 11 1.69 100 076 >0
213 70 1322 5653 3 Clay CL/ICH  sfiff 126 13 11 162 100 0.75 >0
228 75 7.68 4853 3 Clay CL/ICH  firm 125 13 6 156 100 043 8.10
245 B0 1150 455 3 3 Clay CL/ICH  stiff 26 13 98 151 100 085 >10
260 85 1061 349 4 4 Silty Clay to Clay cL stiff 125 18 6 146 95 060 = =10
275 9.0 9.81 4103 3 Cray CLICH  siiff 1256 13 8 142 100 0.55 654
280 95 1085 5003 3 Cly CL/ICH  stiff 25 13 9 1.38 100 081 7.00
3.05 100 1481 6363 3 Clay CL/CH  stiff 125 13 12 134 100 082 =10
320 105 1497 5913 3 Clay CL/CH  stiff 125 1.3 12 132 100 085 >10
335 11.0 1449 6533 3 Clay CL/ICH  stiff 126 1.3 12 1.3 100 .82 >10
3.50 115 1594 5423 3 Clay CL/CH  stiff 126 1.3 13 1.29 100 0.80 =10
3.65 120 14.15 5013 3 Clay CL/CH sfiff - 126 1.3 11 1.27 100 0.79 8.56
380 125 2031 5153 3 Clay CL/ICH  very stiff 125 13 16 1.26 95 116 =10
385 130 2381 5793 3 Clay CL/CH  very stiff 125 1.3 18 124 a5 =136 >10
413 135 1835 6423 3 Chly CLICH  vary stiff 125 13 15 1.23 100 104  >10
4.28 140 18.13 6733 3 Clay CLICH  very stiff 125 1.3 15 1.22 100 102 >10
443 145 1970 656 3 3 Clay CL/CH  very stiff 126 1.3 16 1.20 100 112 >10
4.58 150 18.07 5713 3 Clay CL/CH  very stiff 125 13 14 119 100 102 >10
473 155 1486 524 3 3 Clay CL/ICH  stiff 125 13 12 118 100 0.83 7.00
483 160 1460 5693 3 Clay CLICH  stiff 126 1.3 12 147 100 0.81 685
5.03 165 1349 68253 3 Clay CL/CH  stiff 126 1.3 11 118 100 075 5.65
518 170 1331 5443 3 Clay CL/CH  sliff 125 1.3 i1 114 100 074 531
533 17.5 16.20 68213 3 Clay CLICH  stiff 125 1.3 13 143 100 080 7.13
548 18.0 19.16 5983 3 Clay CUCH  very stiff 126 1.3 15 112 100 1.08 958
6565 185 1549 6803 3 Clay CL/ICH  stiff 126 13 12 1.1 100 086 632
580 18.0 1581 6893 3 Clay CL/CH  stiff 125 13 13 110 100 0.88 632
595 185 1632 7003 3 Clay CL/CH  stiff 125 1.3 13 1.08 100 081 643
6.10 200 17.26 58953 3 Clay CLICH  stiff 1256 13 14 1.08 100 086 6.88
6.25 20.5 1328 5763 3 Clay CL/ICH  stiff 125 13 11 1.07 100 0.73 437
640 210 1114 6843 3 Clay CLICH  stiff 126 13 89 1.06 100 060 3.28
6.55 215 1248 7403 3 Clay CL/CH  stiff 125 1.3 10 1.06 100 068 374
6.70 22.0 14.92 7623 3 Clay CUCH  stiff 126 13 12 1.06 100 082 4.89
6.85 22.5 17.77 6983 3 Clay CL/ICH  stiff 126 1.3 14 1.04 100 - 008 632
7.00 230 2145 7343 3 Clay CL/CH  very stiff i2s 1.3 17 1.03 100 1.20  8.41
718 235 2458 784 3 3 Clay CLICH  vary stiff 125 13 20 1.02 100 138 >0
7.33 240 51865 368 5 5 ClayeySittoSiltyClay MLUCL hard 120 25 21 1.02 70 298 >10
748 245 3437 4913 3 Clay CLICH  very stiff 126 13 27 101 95 1956 =10
7.63 250 1884 5443 3 Clay CUCH  very stiff 126 13 15 1.00 100 1.05 610
7.78 255 21.09 6113 3 Clay CLICH  very stiff 125 13 17 089 100 1.18 713
793 260 2612 5493 3 Clay CLICH  very stiff 125 13 21 089 100 1.47  >10
8.08 265 26.28 6553 3 Clay CL/ICH  very stiff 126 13 21 098 100 1.48 >10
8.23 270 2192 5063 3 Clay CL/ICH vary stiff ~ 125 1.3 18 097 100 1.22 713
838 275 23863 6153 3 Clay CL/CH  very stiff 125 1.3 19 097 100 132 8.00
8.53 28.0 2049 607 3 3 Clay CUCH  very stiff 125 1.3 16 096 100 114  6.10
8.68 285 19.11 5873 3 Clay CLICH  very stiff 125 13 15 095 100 1.06 631
B.85 200 1815 5243 3 Clay CLICH  stiff 125 13 15 085 100 1.00 4.78
9.00 295 21.72 6163 3 Clay CLICH  very stiff 126 13 17 094 100 121 832
9.15 30.0 2083 6553 3 Clay CLICH  very stiff 125 13 17 0.93 100 1.14 565




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

olect: ORMAT Heber 2 Facilities, Heber, CA Project No: LEQ4354 Date: 12/20/04
ONE SOUNDING: CPT-3
Est ewT(it): 12.0 Phl Correlation; 8 0-Schm(78),1-R4C(B3).2-PHT{74)
Base Base Avg Avg 1 Est. Q¢ Cn Est. Rel. Nk: 17.0
Depth Depth  Tip  Friction Soil Soil Densityor Density to SPT or Nerm. % Dens. Phi Su
mefers feet Qc, tsf Ratlo, % Type Classification USC  Consistency (pcfl N N{60) Caq Gcin FinesDr(%) {deq.) {isf) OCR
830 305 2290 7513 3 Chy CL/CH  very stiff 125 13 18 093 100 127 654
945 310 2057 6233 3 Clay CLICH  very stiff 125 13 16 0.92 100 114 5.42
960 315 1955 6903 3 Clay CUCH  very stiff 125 1.3 16 0.92 100 108 4.89
975 320 23.76 8373 3 Clay CL/ICH  very stiff 126 1.3 19 0.9 100 132 B6.54
990 325 2430 8053 3 Clay CUICH  very sliff 125 1.3 19 0.90 100 135 B6.65
1005 33.0 22.78 6543 3 Clay CL/ICH  very stiff 125 1.3 18 090 100 126 588
1020 335 21.56 5913 3 Chay CL/CH  very stiff 126 13 17 0.89 100 119 631
10.38 340 20.82 6403 3 Clay CLICH  very stiff 1256 1.3 17 0.89 100 115 4.88
1053 345 2117 6043 3 Clay CLICH  very stiff 125 1.3 17 0.88 100 117 488
10.68 35.0 24,71 8053 3 Clay CL/ICH  very stiff 25 1.3 20 0.88 100 1.37  6.21
10.83 355 23.14 5913 3 Clay CLICH  very stiff 125 1.3 19 087 100 1.28 5.53
1088 360 19.96 5213 3 Clay CL/ICH  very sliff 126 1.3 16 0.87 100 109 4.28
1113 365  19.03 4883 3 Clay CLICH  very stiff 125 13 15 (.86 100 1.04 391
11.28 370 16.19 4333 3 Clay CLICH  stiff 125 1.3 13 086 1060 087 3.07
1143 375 16,02 5363 3 Clay CL/ICH  stif 125 1.3 13 0485 100 0.86 3.00
11.58 38.0 16.15 5063 3 Clay CLICH  stiff 125 1.3 13 0485 100 0.86 3.00
t1.73 385 1781 4753 3 Chy CL/CH  sliff 125 1.3 14 0.85 100 096 3.35
1188 390 21.66 441 4 4 Siltly Clay to Clay CL very stiff 126 1.8 12 0.84 100 119 585
1205 395 2018 3425 5 ClayeySiltto Silty Clay ~ ML/CL  very stiff 120 25 8 0.84 100 110 6.65
1220 400 1700 2625 5 ClaysySiltto Silty Clay  ML/CL  stiff 120 25 7 083 100 0.1 5.00
1235 40.5 20.64 432 4 4 Silty Clay {o Clay CcL very stiff 125 18 12 083 100 112 500
1250 410  36.57 370 5 5 Clayey Silf to Silty Clay ML/CL  hard 120 25 15 082 a5 2.06 >10
1265 415 3164 464 4 4 SityClay to Clay CcL very stiff 125 1.8 18 0.82 100 177 >10
1280 420 2358 356 5 5 ClayaySlitto SltyClay  ML/CL  very stiff 120 25 9 082 100 129 8.14
1295 425 2497 3285 5 ClayeySiittoSityClay  MLICL very stiff 120 25 10 0.81 100 137 8.85
13.10 43.0 19,07 271 5 5 ClayeySiltto Silty Clay  ML/CL  very stiff 120 25 8 081 100 1.03 542
1325 43,5 18.86 298 5 5 Clayay Siltto Siity Clay  ML/CL  very stiff 120 25 8 081 100 101 531
1340 440 19.54 3205 5 ClayeySilttoSiltyClay  ML/CL  very stiff 120 25 8 080 100 105 553
13.56 445 19.29 387 4 4 SiltyClayto Clay CL very stiff 125 18 11 0.80 100 1.04 391
13.73 450 19.79 386 4 4 SillyClayto Clay CL very stiff 125 1.8 11t 080 100 1.07 4.00
13.88 455 1766 3315 5 ClayeySilttoSlity Clay  ML/CL  stiff 120 25 7 079 100 094 447
14.03 460 16.42 218 5 5 ClayeySiitto Sitty Clay  ML/CL  stiff 120 25 7 078 100 087 391
14,18 46.5 15.61 235 5 5 Clayey Silt to Silty Clay ML/CL  stiff 120 25 & 078 100 082 358
1433 470 16.68 180 6 6 SandySiltic Clayey Silt ML very loose 15 35 5§ 078 123 100 M 29
1448 475 18.25 180 6 6 SandySilticClayeySit ML very loose 15 35 5 078 134 100 13 30
1483 480 19.39 243 5 5 Clayey Sitto Slity Clay  MU/CL  very stiff 120 25 & 078 100 1.04 489
1478 485 18.39 387 4 4 SiltyClaytoClay cL vary stiff 12 18 11 077 100 1.04 358
1493 490 18.13 269 5 & ClayeySiltto Sikty Clay  ML/CGL  very stiff 120 25 8 077 100 1.02 457
15.10 495 16.46 189 6 6 SandySiltle Clayey Silt ML very joose 118 35 5 077 119 100 10 29
5 Clayey Siltto Silty Clay ~ ML/CL  stiff 120 25 7 076 100 089 374

15.25 500 16.91 283 5
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LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT _
PROJECT: ORMAT Heber 2 Facilities, Heber, CA
JOB NO: LE04354
DATE: 12/28/04

ATTERBERG LIMITS (ASTM D4318)

Sample Liquid Plastic Plasticity USCS

Sample Depth Limit Limit Index Classif-
Location (ft) (LL) (PL) (P 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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& DBR/MBE/SBE Compsny Atterberg Limits Plate
Project No: LE04354 Test Results Cc-1




LANDMARK CONSULTANTS, INC.

CLIENT: ORMAT
PROJECT: ORMAT Heber 2 Facilities, Heber, CA

JOB NO: |LE04354

DATE: 12/28/04

T Buing | OPT1 GPT1 CPT2 GPT2
Sample Depth, ft: 0-1.5 153 0-2 2-3
pH: 7.9 7.9 7.8 7.9
Electrical Conductivity (mmhos): 2.5 1.7 1.8 0.9
Resistivity (chm-cm): 260 1000 300 1000
Chiloride (Cl), ppm: 3,040 230 1,490 220

Sulfate (SO4), ppm: 2,812 3,008 1,500 1,108

CalTrans

Method

643

424

643

422

417

prapoamsamr e e P=pmudasfomt ot fomfombin bt freif e ta et

General Guidelines for Soil Corrosivity

Material Chemical Amount ih Degree of
Affected Agent Solt {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

LANDMARK

'iG_ég-Ehgi_neérs' and _'Geo!éfgis't::;'j h

& PBE/NVMBE/SBE Company

Project No:  LE04354

Selected Chemical
Analyses Results
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C-2




LANDMARK CONSULTANTS, iNC.

CLIENT: ORMAT

PROJECT: ORMAT Heber 2 Facilities, Heber, CA
JOB NO: LLE04354

DATE: 12/28/04

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
Chiloride (CI), ppm: 570 210 422
Sulfate (SO4), ppm: 1,785 1,052 17
General Guidelines for Soil Corrosivity
Material Chemical Amount in Degree of
Affected Agent Soil {ppm) rrosivi
Concrete Soluble 0 -1000 Low
Sulfates 1000 - 2000 Moderaie
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
: .Gég-'rn_‘_E_n'rg'_thger'si_ and '_Géolqgri's_'trs"_i_ .
& DBE/MMBE/SBE Company Selected Chemical Plate
Project No: LE04354 Analyses Results C-3
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