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Geotechnical Report Update 
Proposed Heber 2 Repower Project 

855 Dogwood Road 
Heber, California 

LCI Report No. LE19075 
 
 
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 (MCER).  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 S1 is less than 0.75. 
 
The Maximum Considered Earthquake Geometric Mean (MCEG) peak ground acceleration 
(PGAM) 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 = FPGA*PGA).  A PGAM 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 N1(60) or Qc1N.  A PGAM 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 (SO4) less 
than 1,000 ppm or non-expansive, granular soil meeting the USCS classifications of SM, SP-SM, 
or SW-SM with a maximum rock size of 3 inches and 5 to 35% passing the No. 200 sieve.  The 
geotechnical engineer should approve imported fill soil sources before hauling material to the site.  
Imported granular fill should be placed in lifts no greater than 8 inches in loose thickness and 

compacted to at least 95% of ASTM D1557 maximum dry density at optimum moisture "2%. 

 
Trench Backfill:  On-site soil free of debris, vegetation, and other deleterious matter may be 
suitable for use as utility trench backfill.  Backfill soil within paved areas should be placed in 
layers not more than 6 inches in thickness and mechanically compacted to a minimum of 90% of 
the ASTM D1557 maximum dry density except for the top 12 inches of the trench which shall be 
compacted to at least 95%.  Native backfill should only be placed and compacted after 
encapsulating buried pipes with suitable bedding and pipe envelope material.  Pipe 
envelope/bedding should either be clean sand (Sand Equivalent SE>30).  Precautions should be 
taken in the compaction of the backfill to avoid damage to the pipes and structures. 
 
Observation and Density Testing:  All site preparation and fill placement should be continuously 
observed and tested by a representative of a qualified geotechnical engineering firm.  Full-time 
observation services during the excavation and scarification process is necessary to detect 
undesirable materials or conditions and soft areas that may be encountered in the construction area.  
The geotechnical firm that provides observation and testing during construction shall assume the 
responsibility of "geotechnical engineer of record" and, as such, shall perform additional tests and 
investigation as necessary to satisfy themselves as to the site conditions and the geotechnical 
parameters for site development. 
 
Auxiliary Structures Foundation Preparation:  Auxiliary structures such as free standing or 
retaining walls should have footings extended to a minimum of 24 inches below grade.  The 
existing soil beneath the structure foundation prepared in the manner described for foundations 
except the preparation needed only to extend 12 inches below and beyond the footing. 
 

Foundations and Settlements 
Shallow spread footings and continuous wall footings are suitable to support the structures 
associated with the plant upgrades.  Footings shall be founded on a layer of properly prepared and 
compacted soil as described in Section 4.1.  The foundations may be designed using an allowable 
soil bearing pressure of 2,000 psf at 18-inch embedment depth when foundations are supported on 
compacted Caltrans Class 2 aggregate base (extending a minimum of 1.5 feet below footings). 
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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 ½ 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).    



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

  
 
Landmark Consultants, Inc. Page 6 

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 ¼ 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 

Layer 
Type 

Depth 
(ft) 

Unit 
Weight 

(pcf) 

Friction 
Angle 
(deg) 

Cohesion 
(ksf) 

Lateral Soil 
Modulus, k 

(pci) 
e50 or Dr 

Strength 
Reduction 

Factor 

SM 0 to 5 115 34° 0 80 45.0 1.0 

CL-CH 5 to 12 125 --- 1.25 315 0.85 1.0 

CL-CH 12 to 40 125 --- 1.75 550 0.70 1.0 

ML 40 to 50 120 24 0.50 225 1.00 1.0 

 
Installation:  The drilled piers shall be placed in conformance to ACI 336 guidelines.  Excavation 
for piers should be inspected by the geotechnical consultant.  A tremie pipe should be used to pour 
concrete from the bottom up and to ensure less than five feet of free fall.  All drilled piers extending 
below groundwater shall be cased to prevent caving or lateral deformation.  Groundwater is 
expected to be encountered at approximately 8 feet below ground surface. 
 
The structural steel and concrete should be placed immediately after drilling.  Prior to placing any 
structural steel or concrete, loose soil or slough material should be removed from the bottom of 
the drilled pier excavation. 
 

Slabs-On-Grade 
Structural Concrete:  Structural concrete slabs are those slabs (foundations) that underlie structures 
or covered housekeeping slabs (shades).  Concrete slabs and flatwork shall be a minimum of 6 
inches thick due to equipment loads.  Concrete slab and flatwork reinforcement should consist of 
chaired rebar slab reinforcement (minimum of No. 3 bars at 18-inch centers, both horizontal 
directions) placed at slab mid-height to resist drying shrinkage cracking.  Slab thickness and steel 
reinforcement are minimums only and should be verified by the structural engineer/designer 
knowing the actual project loadings. 
 
All steel components of the foundation system should be protected from corrosion by maintaining 
a 3-inch minimum concrete cover of densely consolidated concrete at footings (by use of a 
vibrator). 
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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 (¼ 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 

Sulfate 
Exposure Class 

Water-soluble 
Sulfate (SO4) in 

soil, ppm 
Cement Type 

Maximum Water-
Cement Ratio by weight 

Minimum 
Strength 
f’c (psi) 

S0 0-1,000 – – – 

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

S2 2,000-20,000 V 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 
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A minimum of 6.0 sacks per cubic yard of concrete (4,500 psi) of Type V Portland Cement with a 
maximum water/cement ratio of 0.45 (by weight) should be used for concrete placed in contact 
with native soil on this project (sitework including foundations and housekeeping slabs).  
Admixtures may be required to allow placement of this low water/cement ratio concrete. 
 
The native soil has moderate to very severe level of chloride ion concentration (210 to 3,040 ppm).  
Chloride ions can cause corrosion of reinforcing steel, anchor bolts and other buried metallic 
conduits.  Resistivity determinations on the soil indicate very severe potential for metal loss 
because of electrochemical corrosion processes.  Mitigation of the corrosion of steel can be 
achieved by using steel pipes coated with epoxy corrosion inhibitors, asphaltic and epoxy coatings, 
cathodic protection or by encapsulating the portion of the pipe lying above groundwater with a 
minimum of 3 inches of densely consolidated concrete.  No metallic water pipes or conduits 

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

Excavations 
All site excavations should conform to CalOSHA requirements for Type C soil.  The contractor is 
solely responsible for the safety of workers entering trenches.  Temporary excavations with depths 
of 4 feet or less may cut nearly vertical for short duration.  Sandy soil slopes should be kept moist, 
but not saturated, to reduce the potential of raveling or sloughing.  Excavations below 4 feet will 
require shoring or slope inclinations in conformance to CAL/OSHA regulations for Type C soil.   
 
Surcharge loads of stockpiled soil or construction materials should be set back from the top of the 
slope a minimum distance equal to the height of the slope.  All permanent slopes should not be 
steeper than 3:1 to reduce wind and rain erosion.  Protected slopes with ground cover may be as 
steep as 2:1.  However, maintenance with motorized equipment may not be possible at this 
inclination. 
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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. 
 
 
 
 
Jeffrey O. Lyon, PE     Steven K. Williams, PG, EG 
President      Senior Engineering Geologist 
 
 
 
Julian R. Avalos, PE 
Senior Engineer 
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TABLES



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

Table 1

Fault Name
Approximate 

Distance 
(miles)

Approximate 
Distance (km)

Maximum 
Moment 

Magnitude 
(Mw)

Fault Length 
(km)

Slip Rate 
(mm/yr)

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 23.5 6.6 24 ± 2 5 ± 3

Laguna Salada 14.8 23.6 7 67 ± 7 3.5 ± 1.5

Cerro Prieto * 15.2 24.3

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* 25.4 40.6

Elmore Ranch 28.3 45.3 6.6 29 ± 3 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 29 ± 3 4 ± 2

Algodones * 35.6 57.0

*  Note:  Faults not included in CGS database.

Summary of Characteristics of Closest Known Active Faults
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ASCE 7-10 Reference
Soil Site Class: D Table 20.3-1

Latitude: 32.7139 N
Longitude: -115.5375 W

Risk Category: III
Seismic Design Category: D

Maximum Considered Earthquake (MCE) Ground Motion

Mapped MCER Short Period Spectral Response Ss 1.500 g CBC Figure 1613.3.1(1)
Mapped MCER 1 second Spectral Response S1 0.600 g CBC Figure 1613.3.1(2)

Short Period (0.2 s) Site Coefficient Fa 1.00 CBC Table 1613.3.3(1)
Long Period (1.0 s) Site Coefficient Fv 1.50 CBC Table 1613.3.3(2)

MCER Spectral Response Acceleration Parameter (0.2 s) SMS 1.500 g = Fa * Ss

MCER Spectral Response Acceleration Parameter (1.0 s) SM1 0.900 g = Fv * S1

Design Earthquake Ground Motion

Design Spectral Response Acceleration Parameter (0.2 s) SDS 1.000 g = 2/3*SMS

Design Spectral Response Acceleration Parameter (1.0 s) SD1 0.600 g = 2/3*SM1

Risk Coefficient at Short Periods (less than 0.2 s) CRS 1.106
Risk Coefficient at Long Periods (greater than 1.0 s) CR1 1.073

TL 8.00 sec
TO 0.12 sec =0.2*SD1/SDS

TS 0.60 sec =SD1/SDS

Peak Ground Acceleration PGAM 0.50 g

Period Sa MCER Sa

T (sec) (g) (g)

0.00 0.40 0.60

0.12 1.00 1.50

0.60 1.00 1.50

0.70 0.86 1.29

0.80 0.75 1.13

0.90 0.67 1.00

1.00 0.60 0.90

1.10 0.55 0.82

1.20 0.50 0.75

1.20 0.50 0.75

1.40 0.43 0.64

1.50 0.40 0.60

1.75 0.34 0.51

2.00 0.30 0.45

2.20 0.27 0.41

2.40 0.25 0.38

2.60 0.23 0.35

2.80 0.21 0.32

3.00 0.20 0.30

3.50 0.17 0.26

4.00 0.15 0.23

ASCE Equation 11.8-1

CBC Equation 16-40

ASCE Figure 22-12

Table 2
2016 California Building Code (CBC) and ASCE 7-10 Seismic Parameters

CBC Equation 16-37
CBC Equation 16-38

CBC Equation 16-39

ASCE Figure 22-17
ASCE Figure 22-18
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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.

Figure

3

Drilled Pier Compression Capacity Chart

Heber, California

Ormat’s Heber #2 Plant Expansion 
Project No.:  LE19075

0

5

10

15

20

25

30

0 10 20 30 40 50 60 70 80 90 100

D
e

p
th

 o
f 

P
e

n
e

tr
a

ti
o

n
 (

ft
.)

Allowable Compression Pier Capacity (ton)

24-inch Diameter

36-inch Diameter



FIGURES



Project No.: 19075LE
Regional Fault Map Figure 1

100 km

Source:  California Geological Survey 2010 Fault Activity Map of California
http://www.quake.ca.gov/gmaps/ /faultactivitymap.html#FAM



Project No.: 19075LE
Map of Local Faults Figure 2

Source:  California Geological Survey 2010 Fault Activity Map of California
http://www.quake.ca.gov/gmaps/ /faultactivitymap.html#FAM
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Project No.: LE19075 Vicinity Map
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Project No.:  LE19075 Site and Exploration Map
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  CLIENT: Ormat Nevada Inc CONE PENETROMETER:  Middle Earth Geotesting Truck Mounted Electric 

  PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

  LOCATION: See Site and Boring Location Plan DATE:   12/20/2004

D
E

P
T

H

GROUND ELEVATION +/-

Clayey Silt to Silty Clay ML/CL hard

Sandy Silt to Clayey Silt ML very dense

Silty Sand to Sandy Silt SM/ML very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Silty Clay to Clay CL stiff

Silty Clay to Clay  ''    ''  stiff

Clay CL/CH stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Clay CL/CH stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Silty Clay to Clay CL stiff

Clayey Silt to Silty Clay ML/CL stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Sandy Silt to Clayey Silt ML very loose

Sandy Silt to Clayey Silt  ''    ''  very loose

Clayey Silt to Silty Clay ML/CL stiff

Sandy Silt to Clayey Silt ML very loose

END OF SOUNDING AT 50 ft.

CONE SOUNDING DATA CPT-1

PLATE

B-1
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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
0.30 1.0 71.19 3.50 Sandy Silt to Clayey Silt ML very dense 115 20 134.6 45 107 43
0.45 1.5 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
0.75 2.5 94.19 2.53 Silty Sand to Sandy Silt SM/ML very dense 115 21 178.0 30 100 42
0.93 3.0 101.94 2.35 Silty Sand to Sandy Silt SM/ML very dense 115 23 192.7 30 99 42
1.08 3.5 123.24 1.66 Sand to Silty Sand SP/SM very dense 115 22 233.0 20 102 42
1.23 4.0 53.93 2.99 Sandy Silt to Clayey Silt ML dense 115 15 101.9 45 76 39
1.38 4.5 16.43 4.19 Clay CL/CH stiff 125 13 85 0.95 >10
1.53 5.0 15.53 3.80 Silty Clay to Clay CL stiff 125 9 85 0.90 >10
1.68 5.5 13.99 3.48 Silty Clay to Clay CL stiff 125 8 85 0.80 >10
1.83 6.0 10.16 2.42 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
2.13 7.0 11.62 4.38 Clay CL/CH stiff 125 9 100 0.66 >10
2.28 7.5 13.29 4.44 Clay CL/CH stiff 125 11 95 0.76 >10
2.45 8.0 14.55 4.93 Clay CL/CH stiff 125 12 95 0.83 >10
2.60 8.5 13.90 4.96 Clay CL/CH stiff 125 11 95 0.79 >10
2.75 9.0 13.23 4.08 Clay CL/CH stiff 125 11 95 0.75 >10
2.90 9.5 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
3.20 10.5 21.69 5.01 Clay CL/CH very stiff 125 17 85 1.24 >10
3.35 11.0 19.84 4.85 Clay CL/CH very stiff 125 16 90 1.13 >10
3.50 11.5 21.31 4.45 Silty Clay to Clay CL very stiff 125 12 85 1.22 >10
3.65 12.0 18.97 4.00 Silty Clay to Clay CL very stiff 125 11 85 1.08 >10
3.80 12.5 16.82 3.88 Silty Clay to Clay CL stiff 125 10 90 0.95 >10
3.95 13.0 18.18 4.91 Clay CL/CH very stiff 125 15 95 1.03 >10
4.13 13.5 17.33 5.43 Clay CL/CH stiff 125 14 100 0.98 >10
4.28 14.0 17.04 5.46 Clay CL/CH stiff 125 14 100 0.96 >10
4.43 14.5 21.21 5.45 Clay CL/CH very stiff 125 17 100 1.21 >10
4.58 15.0 19.96 5.21 Clay CL/CH very stiff 125 16 100 1.13 >10
4.73 15.5 23.41 4.80 Clay CL/CH very stiff 125 19 90 1.34 >10
4.88 16.0 20.50 5.51 Clay CL/CH very stiff 125 16 100 1.16 >10
5.03 16.5 21.94 5.88 Clay CL/CH very stiff 125 18 100 1.25 >10
5.18 17.0 19.22 5.48 Clay CL/CH very stiff 125 15 100 1.09 >10
5.33 17.5 27.57 5.03 Clay CL/CH very stiff 125 22 90 1.58 >10
5.48 18.0 23.29 5.22 Clay CL/CH very stiff 125 19 100 1.32 >10
5.65 18.5 20.85 6.67 Clay CL/CH very stiff 125 17 100 1.18 >10
5.80 19.0 21.33 6.77 Clay CL/CH very stiff 125 17 100 1.21 >10
5.95 19.5 21.97 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 20.5 15.48 5.72 Clay CL/CH stiff 125 12 100 0.86 6.21
6.40 21.0 15.87 5.20 Clay CL/CH stiff 125 13 100 0.88 6.32
6.55 21.5 26.53 5.79 Clay CL/CH very stiff 125 21 100 1.51 >10
6.70 22.0 27.19 6.21 Clay CL/CH very stiff 125 22 100 1.55 >10
6.85 22.5 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
7.18 23.5 29.74 7.65 Clay CL/CH very stiff 125 24 100 1.69 >10
7.33 24.0 31.24 7.01 Clay CL/CH very stiff 125 25 100 1.78 >10
7.48 24.5 31.71 6.74 Clay CL/CH very stiff 125 25 100 1.81 >10
7.63 25.0 28.38 5.36 Clay CL/CH very stiff 125 23 100 1.61 >10
7.78 25.5 25.50 5.79 Clay CL/CH very stiff 125 20 100 1.44 >10
7.93 26.0 21.23 6.01 Clay CL/CH very stiff 125 17 100 1.19 7.85
8.08 26.5 19.41 6.26 Clay CL/CH very stiff 125 16 100 1.08 6.54
8.23 27.0 21.10 6.12 Clay CL/CH very stiff 125 17 100 1.18 7.27
8.38 27.5 20.13 6.30 Clay CL/CH very stiff 125 16 100 1.12 6.54
8.53 28.0 19.23 5.66 Clay CL/CH very stiff 125 15 100 1.07 6.00
8.68 28.5 20.08 5.65 Clay CL/CH very stiff 125 16 100 1.12 6.32
8.85 29.0 20.55 5.67 Clay CL/CH very stiff 125 16 100 1.14 6.32
9.00 29.5 20.76 7.00 Clay CL/CH very stiff 125 17 100 1.15 6.32
9.15 30.0 22.80 6.88 Clay CL/CH very stiff 125 18 100 1.27 7.27
9.30 30.5 21.60 5.89 Clay CL/CH very stiff 125 17 100 1.20 6.43
9.45 31.0 17.19 6.36 Clay CL/CH stiff 125 14 100 0.94 4.37
9.60 31.5 20.05 5.47 Clay CL/CH very stiff 125 16 100 1.11 5.53
9.75 32.0 19.47 5.50 Clay CL/CH very stiff 125 16 100 1.07 5.10
9.90 32.5 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
10.20 33.5 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 34.5 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 35.5 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
11.13 36.5 25.44 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
11.43 37.5 25.49 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.42 >10
11.58 38.0 17.68 2.48 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 6.10
11.73 38.5 15.25 3.47 Silty Clay to Clay CL stiff 125 9 100 0.81 3.50

12/20/2004Heber 2 Repower Project - Heber, CA



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

Project: Project No: LE19075 Date: 
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

12/20/2004Heber 2 Repower Project - Heber, CA

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
12.20 40.0 14.77 2.00 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.78 4.18
12.35 40.5 13.50 2.07 Clayey Silt to Silty Clay ML/CL stiff 120 5 100 0.71 3.58
12.50 41.0 15.96 3.29 Silty Clay to Clay CL stiff 125 9 100 0.85 3.50
12.65 41.5 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
12.95 42.5 17.48 2.54 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.94 5.10
13.10 43.0 22.47 2.80 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 7.70
13.25 43.5 20.78 2.49 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.13 6.65
13.40 44.0 21.29 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.16 6.76
13.58 44.5 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 2.17 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.76
13.88 45.5 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
14.18 46.5 19.49 2.03 Sandy Silt to Clayey Silt ML very loose 115 6 14.7 100 16 30
14.33 47.0 17.99 2.10 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.96 4.68
14.48 47.5 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 48.5 15.96 1.83 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3.74
14.93 49.0 15.56 1.78 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.81 3.58
15.10 49.5 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:  Middle Earth Geotesting Truck Mounted Electric 

  PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

  LOCATION: See Site and Boring Location Plan DATE:   12/20/2004

D
E
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T

H

GROUND ELEVATION +/-

Overconsolidated Soil ?? very dense

Overconsolidated Soil  ''    ''  very dense

Silty Sand to Sandy Silt SM/ML very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Clayey Silt to Silty Clay ML/CL hard

Clay CL/CH stiff

Silty Clay to Clay CL stiff

Clay CL/CH stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Silty Clay to Clay  ''    ''  very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Sandy Silt to Clayey Silt ML very loose

Clayey Silt to Silty Clay ML/CL very stiff

Sandy Silt to Clayey Silt ML very loose

Sandy Silt to Clayey Silt  ''    ''  very loose

END OF SOUNDING AT 50 ft.

CONE SOUNDING DATA CPT-2

PLATE

B-2
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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 ?? very dense 120 60 113.5 100 119 45
0.30 1.0 77.82 5.97 Overconsolidated Soil ?? very dense 120 78 147.1 55 110 43
0.45 1.5 91.98 5.31 Overconsolidated Soil ?? very dense 120 92 173.9 50 107 43
0.60 2.0 129.94 3.78 Sandy Silt to Clayey Silt ML very dense 115 37 245.6 35 113 44
0.75 2.5 119.62 3.11 Sandy Silt to Clayey Silt ML very dense 115 34 226.1 30 107 43
0.93 3.0 137.68 2.51 Silty Sand to Sandy Silt SM/ML very dense 115 31 260.3 25 108 43
1.08 3.5 140.87 2.30 Silty Sand to Sandy Silt SM/ML very dense 115 31 266.3 25 106 43
1.23 4.0 139.35 2.04 Silty Sand to Sandy Silt SM/ML very dense 115 31 263.4 20 104 43
1.38 4.5 144.85 2.01 Silty Sand to Sandy Silt SM/ML very dense 115 32 273.8 20 103 42
1.53 5.0 113.08 2.24 Silty Sand to Sandy Silt SM/ML very dense 115 25 208.9 25 94 41
1.68 5.5 52.70 3.38 Clayey Silt to Silty Clay ML/CL hard 120 21 50 3.08 >10
1.83 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
2.13 7.0 14.77 4.81 Clay CL/CH stiff 125 12 95 0.85 >10
2.28 7.5 13.38 3.90 Clay CL/CH stiff 125 11 90 0.76 >10
2.45 8.0 12.25 3.27 Silty Clay to Clay CL stiff 125 7 90 0.69 >10
2.60 8.5 11.34 3.86 Clay CL/CH stiff 125 9 95 0.64 >10
2.75 9.0 13.62 4.43 Clay CL/CH stiff 125 11 95 0.77 >10
2.90 9.5 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
3.20 10.5 17.24 5.61 Clay CL/CH stiff 125 14 100 0.98 >10
3.35 11.0 17.82 5.31 Clay CL/CH very stiff 125 14 95 1.02 >10
3.50 11.5 16.22 4.53 Clay CL/CH stiff 125 13 95 0.92 >10
3.65 12.0 14.59 4.45 Clay CL/CH stiff 125 12 100 0.82 >10
3.80 12.5 15.95 4.89 Clay CL/CH stiff 125 13 100 0.90 >10
3.95 13.0 16.10 5.07 Clay CL/CH stiff 125 13 100 0.91 >10
4.13 13.5 20.52 5.55 Clay CL/CH very stiff 125 16 95 1.17 >10
4.28 14.0 22.48 5.55 Clay CL/CH very stiff 125 18 95 1.28 >10
4.43 14.5 20.89 5.42 Clay CL/CH very stiff 125 17 100 1.19 >10
4.58 15.0 17.79 5.37 Clay CL/CH very stiff 125 14 100 1.01 >10
4.73 15.5 19.47 5.86 Clay CL/CH very stiff 125 16 100 1.10 >10
4.88 16.0 19.76 5.77 Clay CL/CH very stiff 125 16 100 1.12 >10
5.03 16.5 22.53 5.91 Clay CL/CH very stiff 125 18 100 1.28 >10
5.18 17.0 21.67 5.09 Clay CL/CH very stiff 125 17 100 1.23 >10
5.33 17.5 22.15 5.77 Clay CL/CH very stiff 125 18 100 1.26 >10
5.48 18.0 21.43 6.10 Clay CL/CH very stiff 125 17 100 1.21 >10
5.65 18.5 21.56 5.34 Clay CL/CH very stiff 125 17 100 1.22 >10
5.80 19.0 22.73 5.72 Clay CL/CH very stiff 125 18 100 1.29 >10
5.95 19.5 30.63 5.48 Clay CL/CH very stiff 125 25 90 1.75 >10
6.10 20.0 17.95 6.14 Clay CL/CH very stiff 125 14 100 1.01 8.41
6.25 20.5 17.30 5.70 Clay CL/CH stiff 125 14 100 0.97 7.56
6.40 21.0 16.60 6.99 Clay CL/CH stiff 125 13 100 0.93 6.76
6.55 21.5 26.75 7.44 Clay CL/CH very stiff 125 21 100 1.52 >10
6.70 22.0 28.17 6.81 Clay CL/CH very stiff 125 23 100 1.60 >10
6.85 22.5 20.17 7.24 Clay CL/CH very stiff 125 16 100 1.13 8.85
7.00 23.0 16.15 5.62 Clay CL/CH stiff 125 13 100 0.90 5.88
7.18 23.5 21.37 6.84 Clay CL/CH very stiff 125 17 100 1.20 9.19
7.33 24.0 24.23 5.98 Clay CL/CH very stiff 125 19 100 1.37 >10
7.48 24.5 27.09 6.88 Clay CL/CH very stiff 125 22 100 1.54 >10
7.63 25.0 23.97 6.46 Clay CL/CH very stiff 125 19 100 1.35 >10
7.78 25.5 25.90 6.98 Clay CL/CH very stiff 125 21 100 1.46 >10
7.93 26.0 24.80 6.17 Clay CL/CH very stiff 125 20 100 1.40 >10
8.08 26.5 22.94 5.66 Clay CL/CH very stiff 125 18 100 1.29 8.85
8.23 27.0 22.28 5.92 Clay CL/CH very stiff 125 18 100 1.25 8.14
8.38 27.5 20.15 6.14 Clay CL/CH very stiff 125 16 100 1.12 6.65
8.53 28.0 24.13 6.05 Clay CL/CH very stiff 125 19 100 1.36 9.00
8.68 28.5 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 29.5 28.06 6.01 Clay CL/CH very stiff 125 22 100 1.58 >10
9.15 30.0 29.72 6.57 Clay CL/CH very stiff 125 24 100 1.68 >10
9.30 30.5 28.55 6.41 Clay CL/CH very stiff 125 23 100 1.61 >10
9.45 31.0 31.07 6.84 Clay CL/CH very stiff 125 25 100 1.76 >10
9.60 31.5 34.71 6.59 Clay CL/CH very stiff 125 28 100 1.97 >10
9.75 32.0 35.27 6.25 Clay CL/CH hard 125 28 100 2.00 >10
9.90 32.5 37.01 5.65 Clay CL/CH hard 125 30 100 2.10 >10

10.05 33.0 32.37 5.31 Clay CL/CH very stiff 125 26 100 1.83 >10
10.20 33.5 30.28 5.70 Clay CL/CH very stiff 125 24 100 1.71 >10
10.38 34.0 29.97 5.71 Clay CL/CH very stiff 125 24 100 1.69 >10
10.53 34.5 34.16 5.42 Clay CL/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 35.5 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
11.13 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
11.43 37.5 24.03 5.19 Clay CL/CH very stiff 125 19 100 1.33 5.88
11.58 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
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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

12/20/2004Heber 2 Repower Project - Heber, CA

11.88 39.0 29.55 5.05 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
12.20 40.0 22.19 4.46 Clay CL/CH very stiff 125 18 100 1.22 4.68
12.35 40.5 24.43 4.30 Silty Clay to Clay CL very stiff 125 14 100 1.35 7.00
12.50 41.0 24.85 3.66 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.37 >10
12.65 41.5 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
12.95 42.5 18.87 2.79 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.88
13.10 43.0 19.60 2.48 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 6.10
13.25 43.5 21.70 2.84 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.18 7.13
13.40 44.0 22.24 2.62 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.22 7.27
13.58 44.5 22.52 2.78 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.23 7.41
13.73 45.0 25.15 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 8.85
13.88 45.5 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
14.18 46.5 22.65 2.43 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
14.48 47.5 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 48.5 20.83 2.13 Sandy Silt to Clayey Silt ML very loose 115 6 15.5 100 17 30
14.93 49.0 20.93 2.27 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.13 5.76
15.10 49.5 20.67 2.11 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:  Middle Earth Geotesting Truck Mounted Electric 

  PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

  LOCATION: See Site and Boring Location Plan DATE:   12/20/2004

D
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GROUND ELEVATION +/-

Clay CL/CH hard

Clay  ''    ''  hard

Sandy Silt to Clayey Silt ML very dense

Silty Sand to Sandy Silt SM/ML very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Sandy Silt to Clayey Silt ML dense

Clay CL/CH stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  hard

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Silty Clay to Clay CL very stiff

Silty Clay to Clay  ''    ''  very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Clayey Silt to Silty Clay ML/CL stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  stiff

END OF SOUNDING AT 50 ft.

CONE SOUNDING DATA CPT-3

PLATE

B-3
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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
0.30 1.0 46.42 7.56 Clay CL/CH hard 125 37 75 2.73 >10
0.45 1.5 40.35 6.79 Clay CL/CH hard 125 32 75 2.37 >10
0.60 2.0 61.72 4.80 Silty Clay to Clay CL hard 125 35 55 3.62 >10
0.75 2.5 109.67 3.07 Sandy Silt to Clayey Silt ML very dense 115 31 207.3 35 104 43
0.93 3.0 118.60 2.64 Silty Sand to Sandy Silt SM/ML very dense 115 26 224.2 30 103 42
1.08 3.5 127.70 2.43 Silty Sand to Sandy Silt SM/ML very dense 115 28 241.4 25 103 42
1.23 4.0 131.15 2.02 Silty Sand to Sandy Silt SM/ML very dense 115 29 247.9 25 102 42
1.38 4.5 147.55 1.96 Silty Sand to Sandy Silt SM/ML very dense 115 33 278.9 20 103 42
1.53 5.0 148.38 2.05 Silty Sand to Sandy Silt SM/ML very dense 115 33 271.7 20 102 42
1.68 5.5 111.44 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
2.13 7.0 13.22 5.65 Clay CL/CH stiff 125 11 100 0.75 >10
2.28 7.5 7.68 4.85 Clay CL/CH firm 125 6 100 0.43 6.10
2.45 8.0 11.50 4.55 Clay CL/CH stiff 125 9 100 0.65 >10
2.60 8.5 10.61 3.49 Silty Clay to Clay CL stiff 125 6 95 0.60 >10
2.75 9.0 9.81 4.10 Clay CL/CH stiff 125 8 100 0.55 7.27
2.90 9.5 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
3.20 10.5 14.97 5.91 Clay CL/CH stiff 125 12 100 0.85 >10
3.35 11.0 14.49 6.53 Clay CL/CH stiff 125 12 100 0.82 >10
3.50 11.5 15.94 5.42 Clay CL/CH stiff 125 13 100 0.90 >10
3.65 12.0 14.15 5.01 Clay CL/CH stiff 125 11 100 0.80 >10
3.80 12.5 20.31 5.15 Clay CL/CH very stiff 125 16 95 1.16 >10
3.95 13.0 23.81 5.79 Clay CL/CH very stiff 125 19 95 1.36 >10
4.13 13.5 18.35 6.42 Clay CL/CH very stiff 125 15 100 1.04 >10
4.28 14.0 18.13 6.73 Clay CL/CH very stiff 125 15 100 1.03 >10
4.43 14.5 19.70 6.56 Clay CL/CH very stiff 125 16 100 1.12 >10
4.58 15.0 18.07 5.71 Clay CL/CH very stiff 125 14 100 1.02 >10
4.73 15.5 14.86 5.24 Clay CL/CH stiff 125 12 100 0.83 8.27
4.88 16.0 14.60 5.69 Clay CL/CH stiff 125 12 100 0.82 7.70
5.03 16.5 13.49 6.25 Clay CL/CH stiff 125 11 100 0.75 6.43
5.18 17.0 13.31 5.44 Clay CL/CH stiff 125 11 100 0.74 6.10
5.33 17.5 16.20 6.21 Clay CL/CH stiff 125 13 100 0.91 8.27
5.48 18.0 19.16 5.98 Clay CL/CH very stiff 125 15 100 1.08 >10
5.65 18.5 15.49 6.80 Clay CL/CH stiff 125 12 100 0.86 7.13
5.80 19.0 15.81 6.89 Clay CL/CH stiff 125 13 100 0.88 7.13
5.95 19.5 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 20.5 13.28 5.76 Clay CL/CH stiff 125 11 100 0.73 4.89
6.40 21.0 11.14 6.84 Clay CL/CH stiff 125 9 100 0.60 3.58
6.55 21.5 12.48 7.40 Clay CL/CH stiff 125 10 100 0.68 4.18
6.70 22.0 14.92 7.62 Clay CL/CH stiff 125 12 100 0.82 5.42
6.85 22.5 17.77 6.98 Clay CL/CH stiff 125 14 100 0.99 7.00
7.00 23.0 21.45 7.34 Clay CL/CH very stiff 125 17 100 1.21 9.59
7.18 23.5 24.58 7.84 Clay CL/CH very stiff 125 20 100 1.39 >10
7.33 24.0 51.65 3.68 Clayey Silt to Silty Clay ML/CL hard 120 21 70 2.98 >10
7.48 24.5 34.37 4.91 Clay CL/CH very stiff 125 27 90 1.96 >10
7.63 25.0 18.84 5.44 Clay CL/CH very stiff 125 15 100 1.05 6.76
7.78 25.5 21.09 6.11 Clay CL/CH very stiff 125 17 100 1.18 8.00
7.93 26.0 26.12 5.49 Clay CL/CH very stiff 125 21 100 1.48 >10
8.08 26.5 26.28 5.55 Clay CL/CH very stiff 125 21 100 1.48 >10
8.23 27.0 21.92 5.06 Clay CL/CH very stiff 125 18 100 1.23 7.85
8.38 27.5 23.63 6.15 Clay CL/CH very stiff 125 19 100 1.33 8.85
8.53 28.0 20.49 6.07 Clay CL/CH very stiff 125 16 100 1.14 6.65
8.68 28.5 19.11 5.87 Clay CL/CH very stiff 125 15 100 1.06 5.88
8.85 29.0 18.15 5.24 Clay CL/CH very stiff 125 15 100 1.00 5.21
9.00 29.5 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 30.5 22.90 7.51 Clay CL/CH very stiff 125 18 100 1.28 7.13
9.45 31.0 20.57 6.23 Clay CL/CH very stiff 125 16 100 1.14 5.88
9.60 31.5 19.55 6.90 Clay CL/CH very stiff 125 16 100 1.08 5.31
9.75 32.0 23.76 8.37 Clay CL/CH very stiff 125 19 100 1.33 7.13
9.90 32.5 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
10.20 33.5 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 34.5 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 35.5 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
11.43 37.5 16.02 5.36 Clay CL/CH stiff 125 13 100 0.86 3.14
11.58 38.0 16.15 5.06 Clay CL/CH stiff 125 13 100 0.87 3.14
11.73 38.5 17.81 4.75 Clay CL/CH stiff 125 14 100 0.96 3.50

12/20/2004Heber 2 Repower Project - Heber, CA



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

Project: Project No: LE19075 Date: 
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

12/20/2004Heber 2 Repower Project - Heber, CA

11.88 39.0 21.66 4.41 Silty Clay to Clay CL 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
12.20 40.0 17.00 2.62 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.91 5.31
12.35 40.5 20.64 4.32 Silty Clay to Clay CL very stiff 125 12 100 1.13 5.31
12.50 41.0 33.91 4.01 Clayey Silt to Silty Clay ML/CL very stiff 120 14 100 1.91 >10
12.65 41.5 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
12.95 42.5 24.97 3.28 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.38 9.79
13.10 43.0 19.07 2.71 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.03 5.88
13.25 43.5 18.86 2.98 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.65
13.40 44.0 19.54 3.20 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.88
13.58 44.5 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 CL very stiff 125 11 100 1.07 4.28
13.88 45.5 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
14.18 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
14.48 47.5 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 2.43 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.04 5.21
14.78 48.5 19.39 3.87 Silty Clay to Clay CL very stiff 125 11 100 1.04 3.83
14.93 49.0 19.13 2.69 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 4.89
15.10 49.5 16.46 1.59 Sandy Silt to Clayey Silt ML very loose 115 5 12.1 100 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:  Middle Earth Geotesting Truck Mounted Electric 

  PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

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

D
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GROUND ELEVATION +/-

Silty Sand to Sandy Silt SM/ML very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Sandy Silt to Clayey Silt ML dense

Clay CL/CH stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL stiff

Clay CL/CH stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Clay CL/CH very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Silty Clay to Clay CL very stiff

Clay CL/CH very stiff

Silty Clay to Clay CL very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Sandy Silt to Clayey Silt ML very loose

Clayey Silt to Silty Clay ML/CL very stiff

END OF SOUNDING AT 50 ft.

CONE SOUNDING DATA CPT-4

PLATE

B-4

Project No.

LE19075
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INTERPRETED SOIL PROFILE
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: Project No: LE19075 Date: 
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
0.30 1.0 88.18 2.75 Sandy Silt to Clayey Silt ML very dense 115 25 166.7 35 114 44
0.45 1.5 77.73 1.95 Silty Sand to Sandy Silt SM/ML very dense 115 17 146.9 30 103 42
0.60 2.0 92.53 1.60 Silty Sand to Sandy Silt SM/ML very dense 115 21 174.9 25 103 42
0.75 2.5 93.95 2.02 Silty Sand to Sandy Silt SM/ML very dense 115 21 177.6 25 100 42
0.93 3.0 77.68 2.40 Silty Sand to Sandy Silt SM/ML very dense 115 17 146.8 35 91 41
1.08 3.5 74.47 2.39 Sandy Silt to Clayey Silt ML dense 115 21 140.8 35 88 40
1.23 4.0 52.73 2.83 Sandy Silt to Clayey Silt ML dense 115 15 99.7 45 75 39
1.38 4.5 18.49 5.55 Clay CL/CH very stiff 125 15 90 1.07 >10
1.53 5.0 13.75 5.02 Clay CL/CH stiff 125 11 100 0.79 >10
1.68 5.5 12.39 5.11 Clay CL/CH stiff 125 10 100 0.71 >10
1.83 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
2.13 7.0 14.72 5.56 Clay CL/CH stiff 125 12 100 0.84 >10
2.28 7.5 16.58 5.71 Clay CL/CH stiff 125 13 95 0.95 >10
2.45 8.0 17.99 5.72 Clay CL/CH very stiff 125 14 95 1.03 >10
2.60 8.5 18.67 5.21 Clay CL/CH very stiff 125 15 90 1.07 >10
2.75 9.0 19.02 5.07 Clay CL/CH very stiff 125 15 90 1.09 >10
2.90 9.5 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
3.20 10.5 15.45 4.14 Clay CL/CH stiff 125 12 90 0.88 >10
3.35 11.0 13.93 3.83 Silty Clay to Clay CL stiff 125 8 95 0.79 >10
3.50 11.5 13.83 4.23 Clay CL/CH stiff 125 11 100 0.78 >10
3.65 12.0 18.01 4.65 Clay CL/CH very stiff 125 14 95 1.02 >10
3.80 12.5 18.70 5.93 Clay CL/CH very stiff 125 15 100 1.06 >10
3.95 13.0 18.01 5.35 Clay CL/CH very stiff 125 14 100 1.02 >10
4.13 13.5 17.39 5.15 Clay CL/CH stiff 125 14 100 0.99 >10
4.28 14.0 14.93 5.20 Clay CL/CH stiff 125 12 100 0.84 9.59
4.43 14.5 15.49 4.86 Clay CL/CH stiff 125 12 100 0.87 >10
4.58 15.0 18.22 4.65 Clay CL/CH very stiff 125 15 100 1.03 >10
4.73 15.5 22.11 4.64 Clay CL/CH very stiff 125 18 90 1.26 >10
4.88 16.0 19.85 4.92 Clay CL/CH very stiff 125 16 100 1.13 >10
5.03 16.5 19.77 4.96 Clay CL/CH very stiff 125 16 100 1.12 >10
5.18 17.0 18.38 5.96 Clay CL/CH very stiff 125 15 100 1.04 >10
5.33 17.5 17.64 5.69 Clay CL/CH stiff 125 14 100 0.99 9.79
5.48 18.0 25.50 4.80 Clay CL/CH very stiff 125 20 90 1.45 >10
5.65 18.5 32.47 3.36 Clayey Silt to Silty Clay ML/CL very stiff 120 13 75 1.86 >10
5.80 19.0 13.48 4.36 Clay CL/CH stiff 125 11 100 0.75 5.53
5.95 19.5 18.41 4.55 Clay CL/CH very stiff 125 15 100 1.03 9.00
6.10 20.0 22.07 5.36 Clay CL/CH very stiff 125 18 100 1.25 >10
6.25 20.5 24.57 5.40 Clay CL/CH very stiff 125 20 100 1.40 >10
6.40 21.0 26.18 6.13 Clay CL/CH very stiff 125 21 100 1.49 >10
6.55 21.5 23.24 6.19 Clay CL/CH very stiff 125 19 100 1.31 >10
6.70 22.0 22.66 5.55 Clay CL/CH very stiff 125 18 100 1.28 >10
6.85 22.5 26.25 6.97 Clay CL/CH very stiff 125 21 100 1.49 >10
7.00 23.0 25.11 6.17 Clay CL/CH very stiff 125 20 100 1.42 >10
7.18 23.5 22.18 6.48 Clay CL/CH very stiff 125 18 100 1.25 >10
7.33 24.0 21.09 6.24 Clay CL/CH very stiff 125 17 100 1.18 8.70
7.48 24.5 23.54 7.51 Clay CL/CH very stiff 125 19 100 1.33 >10
7.63 25.0 21.31 6.90 Clay CL/CH very stiff 125 17 100 1.19 8.41
7.78 25.5 18.21 6.87 Clay CL/CH very stiff 125 15 100 1.01 6.21
7.93 26.0 15.91 6.78 Clay CL/CH stiff 125 13 100 0.88 4.89
8.08 26.5 13.54 5.59 Clay CL/CH stiff 125 11 100 0.74 3.66
8.23 27.0 11.78 5.53 Clay CL/CH stiff 125 9 100 0.63 3.00
8.38 27.5 14.49 5.56 Clay CL/CH stiff 125 12 100 0.79 3.91
8.53 28.0 16.02 5.84 Clay CL/CH stiff 125 13 100 0.88 4.47
8.68 28.5 15.04 5.37 Clay CL/CH stiff 125 12 100 0.82 3.91
8.85 29.0 20.59 6.98 Clay CL/CH very stiff 125 16 100 1.15 6.43
9.00 29.5 16.05 6.66 Clay CL/CH stiff 125 13 100 0.88 4.18
9.15 30.0 44.48 3.37 Clayey Silt to Silty Clay ML/CL hard 120 18 75 2.55 >10
9.30 30.5 27.03 5.86 Clay CL/CH very stiff 125 22 100 1.52 9.79
9.45 31.0 24.88 4.56 Clay CL/CH very stiff 125 20 100 1.39 8.14
9.60 31.5 17.85 4.68 Clay CL/CH stiff 125 14 100 0.98 4.57
9.75 32.0 21.43 4.98 Clay CL/CH very stiff 125 17 100 1.19 6.00
9.90 32.5 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
10.20 33.5 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 34.5 14.75 5.27 Clay CL/CH stiff 125 12 100 0.79 3.14
10.68 35.0 17.80 4.91 Clay CL/CH stiff 125 14 100 0.97 3.91
10.83 35.5 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
11.13 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
11.43 37.5 29.22 5.23 Clay CL/CH very stiff 125 23 100 1.64 8.14
11.58 38.0 28.26 4.00 Silty Clay to Clay CL very stiff 125 16 100 1.58 >10
11.73 38.5 26.29 3.66 Clayey Silt to Silty Clay ML/CL very stiff 120 11 100 1.46 >10
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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

5/2/2007Heber 2 Repower Project - Heber, CA

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
12.20 40.0 21.78 2.80 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.20 8.27
12.35 40.5 17.57 2.75 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.95 5.53
12.50 41.0 19.10 2.36 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.04 6.32
12.65 41.5 22.54 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
12.95 42.5 22.05 3.08 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.21 7.70
13.10 43.0 21.46 2.78 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.17 7.13
13.25 43.5 22.21 3.76 Silty Clay to Clay CL very stiff 125 13 100 1.21 5.42
13.40 44.0 22.69 3.76 Silty Clay to Clay CL very stiff 125 13 100 1.24 5.53
13.58 44.5 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 45.5 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
14.18 46.5 18.88 2.93 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.01 5.21
14.33 47.0 19.43 2.64 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.05 5.31
14.48 47.5 22.40 3.03 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.22 6.65
14.63 48.0 23.12 2.75 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.26 7.00
14.78 48.5 18.94 1.38 Sandy Silt to Clayey Silt ML very loose 115 5 14.1 100 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 2.73 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.17 6.00
15.25 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 CONE PENETROMETER:  Middle Earth Geotesting Truck Mounted Electric 

  PROJECT: Heber 2 Repower Project - Heber, CA Cone with 23 ton reaction weight

  LOCATION: See Site and Boring Location Plan DATE:   5/2/2007
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GROUND ELEVATION +/-

Silty Sand to Sandy Silt SM/ML very dense

Silty Sand to Sandy Silt  ''    ''  very dense

Sand to Silty Sand SP/SM very dense

Silty Sand to Sandy Silt SM/ML dense

Clay CL/CH very stiff

Clay  ''    ''  firm

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL stiff

Silty Clay to Clay  ''    ''  stiff

Silty Clay to Clay  ''    ''  very stiff

Clay CL/CH very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  stiff

Silty Clay to Clay CL hard

Clay CL/CH very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Clay  ''    ''  very stiff

Silty Clay to Clay CL very stiff

Silty Clay to Clay  ''    ''  very stiff

Silty Clay to Clay  ''    ''  very stiff

Clayey Silt to Silty Clay ML/CL very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  hard

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  very stiff

Clayey Silt to Silty Clay  ''    ''  stiff

Sandy Silt to Clayey Silt ML very loose

Clayey Silt to Silty Clay ML/CL stiff

END OF SOUNDING AT 50 ft.

CONE SOUNDING DATA CPT-5
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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
0.30 1.0 120.36 2.66 Silty Sand to Sandy Silt SM/ML very dense 115 27 227.5 30 124 45
0.45 1.5 72.28 2.13 Silty Sand to Sandy Silt SM/ML very dense 115 16 136.6 30 101 42
0.60 2.0 116.67 1.12 Sand to Silty Sand SP/SM very dense 115 21 220.6 15 110 43
0.75 2.5 138.05 1.48 Sand to Silty Sand SP/SM very dense 115 25 261.0 15 111 44
0.93 3.0 117.13 1.76 Silty Sand to Sandy Silt SM/ML very dense 115 26 221.4 20 104 42
1.08 3.5 81.23 2.12 Silty Sand to Sandy Silt SM/ML very dense 115 18 153.5 30 90 41
1.23 4.0 74.63 2.12 Silty Sand to Sandy Silt SM/ML dense 115 17 141.1 30 86 40
1.38 4.5 34.90 3.90 Clayey Silt to Silty Clay ML/CL hard 120 14 60 2.04 >10
1.53 5.0 13.76 5.45 Clay CL/CH stiff 125 11 100 0.79 >10
1.68 5.5 7.57 7.44 Clay CL/CH firm 125 6 100 0.43 >10
1.83 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
2.13 7.0 11.69 4.84 Clay CL/CH stiff 125 9 100 0.66 >10
2.28 7.5 14.81 5.37 Clay CL/CH stiff 125 12 95 0.85 >10
2.45 8.0 13.05 5.28 Clay CL/CH stiff 125 10 100 0.74 >10
2.60 8.5 13.41 5.40 Clay CL/CH stiff 125 11 100 0.76 >10
2.75 9.0 15.40 5.21 Clay CL/CH stiff 125 12 95 0.88 >10
2.90 9.5 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
3.20 10.5 16.07 4.15 Clay CL/CH stiff 125 13 90 0.91 >10
3.35 11.0 13.34 3.48 Silty Clay to Clay CL stiff 125 8 95 0.75 >10
3.50 11.5 12.52 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
3.80 12.5 31.15 4.38 Silty Clay to Clay CL very stiff 125 18 75 1.80 >10
3.95 13.0 19.46 4.78 Clay CL/CH very stiff 125 16 95 1.11 >10
4.13 13.5 17.74 4.74 Clay CL/CH very stiff 125 14 100 1.01 >10
4.28 14.0 17.58 4.34 Clay CL/CH stiff 125 14 95 1.00 >10
4.43 14.5 21.21 5.18 Clay CL/CH very stiff 125 17 95 1.21 >10
4.58 15.0 20.43 4.83 Clay CL/CH very stiff 125 16 95 1.16 >10
4.73 15.5 20.79 4.75 Clay CL/CH very stiff 125 17 95 1.18 >10
4.88 16.0 18.89 5.75 Clay CL/CH very stiff 125 15 100 1.07 >10
5.03 16.5 23.41 4.88 Clay CL/CH very stiff 125 19 95 1.33 >10
5.18 17.0 23.59 5.34 Clay CL/CH very stiff 125 19 95 1.34 >10
5.33 17.5 23.27 4.98 Clay CL/CH very stiff 125 19 95 1.32 >10
5.48 18.0 22.19 5.13 Clay CL/CH very stiff 125 18 100 1.26 >10
5.65 18.5 20.81 5.10 Clay CL/CH very stiff 125 17 100 1.18 >10
5.80 19.0 15.78 4.92 Clay CL/CH stiff 125 13 100 0.88 7.13
5.95 19.5 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 20.5 28.53 6.30 Clay CL/CH very stiff 125 23 100 1.63 >10
6.40 21.0 28.99 6.06 Clay CL/CH very stiff 125 23 100 1.65 >10
6.55 21.5 24.82 6.26 Clay CL/CH very stiff 125 20 100 1.41 >10
6.70 22.0 18.48 5.79 Clay CL/CH very stiff 125 15 100 1.03 7.70
6.85 22.5 18.41 5.89 Clay CL/CH very stiff 125 15 100 1.03 7.41
7.00 23.0 15.96 6.46 Clay CL/CH stiff 125 13 100 0.88 5.76
7.18 23.5 46.63 4.62 Silty Clay to Clay CL hard 125 27 75 2.69 >10
7.33 24.0 47.09 4.48 Silty Clay to Clay CL hard 125 27 75 2.71 >10
7.48 24.5 23.27 4.67 Clay CL/CH very stiff 125 19 100 1.31 >10
7.63 25.0 21.09 5.34 Clay CL/CH very stiff 125 17 100 1.18 8.27
7.78 25.5 21.71 5.85 Clay CL/CH very stiff 125 17 100 1.22 8.41
7.93 26.0 19.90 5.47 Clay CL/CH very stiff 125 16 100 1.11 7.00
8.08 26.5 20.78 5.59 Clay CL/CH very stiff 125 17 100 1.16 7.41
8.23 27.0 21.98 5.44 Clay CL/CH very stiff 125 18 100 1.23 8.00
8.38 27.5 20.73 5.53 Clay CL/CH very stiff 125 17 100 1.16 6.88
8.53 28.0 20.36 5.62 Clay CL/CH very stiff 125 16 100 1.13 6.54
8.68 28.5 19.99 6.11 Clay CL/CH very stiff 125 16 100 1.11 6.21
8.85 29.0 18.33 5.49 Clay CL/CH very stiff 125 15 100 1.01 5.31
9.00 29.5 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 30.5 25.36 6.14 Clay CL/CH very stiff 125 20 100 1.42 8.56
9.45 31.0 25.65 6.08 Clay CL/CH very stiff 125 21 100 1.44 8.56
9.60 31.5 24.99 6.11 Clay CL/CH very stiff 125 20 100 1.40 8.00
9.75 32.0 24.42 5.93 Clay CL/CH very stiff 125 20 100 1.37 7.41
9.90 32.5 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
10.20 33.5 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 25.51 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 35.5 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
11.13 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
11.43 37.5 27.60 4.22 Silty Clay to Clay CL very stiff 125 16 100 1.54 >10
11.58 38.0 27.92 4.11 Silty Clay to Clay CL very stiff 125 16 100 1.56 >10
11.73 38.5 28.57 3.77 Clayey Silt to Silty Clay ML/CL very stiff 120 11 100 1.60 >10
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LANDMARK CONSULTANTS, INC.
CONE PENETROMETER INTERPRETATION   (based on Robertson & Campanella, 1989,  refer to Key to CPT logs)

Project: Project No: LE19075 Date: 
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

5/2/2007Heber 2 Repower Project - Heber, CA

11.88 39.0 24.62 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
12.20 40.0 24.64 3.45 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.36 >10
12.35 40.5 41.78 4.14 Clayey Silt to Silty Clay ML/CL hard 120 17 95 2.37 >10
12.50 41.0 64.96 3.22 Sandy Silt to Clayey Silt ML medium dense 115 19 51.8 70 53 35
12.65 41.5 32.37 3.75 Clayey Silt to Silty Clay ML/CL very stiff 120 13 100 1.82 >10
12.80 42.0 22.75 3.82 Silty Clay to Clay CL very stiff 125 13 100 1.25 6.00
12.95 42.5 22.78 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 43.5 23.86 3.91 Silty Clay to Clay CL very stiff 125 14 100 1.31 6.10
13.40 44.0 24.93 3.00 Clayey Silt to Silty Clay ML/CL very stiff 120 10 100 1.37 9.19
13.58 44.5 23.46 2.65 Clayey Silt to Silty Clay ML/CL very stiff 120 9 100 1.29 8.00
13.73 45.0 21.13 2.78 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.15 6.54
13.88 45.5 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 2.23 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.06 5.65
14.18 46.5 18.74 2.12 Clayey Silt to Silty Clay ML/CL very stiff 120 7 100 1.01 5.10
14.33 47.0 18.93 2.49 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.02 5.10
14.48 47.5 18.85 2.42 Clayey Silt to Silty Clay ML/CL very stiff 120 8 100 1.01 5.00
14.63 48.0 17.53 2.38 Clayey Silt to Silty Clay ML/CL stiff 120 7 100 0.93 4.37
14.78 48.5 16.01 2.08 Clayey Silt to Silty Clay ML/CL stiff 120 6 100 0.84 3.74
14.93 49.0 20.91 1.36 Sandy Silt to Clayey Silt ML very loose 115 6 15.5 100 17 30
15.10 49.5 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



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

  N1(60) = Cn*N(60) Normalized SPT blow count

  Cn  = 1/(p'o)^0.5 < 1.6 max. from Liao & Whitman (1986)

  p'o = effective overburden pressure (tsf) using unit densities

            given below and estimated groundwater table.

  Dr = Relative density (%) from Jamiolkowski et. al. (1986) relationship

        =  -98 +68*log(Qc/p'o^0.5)  where Qc, p'o in tonne/sqm 

  Note: 1 tonne/sqm = 0.1024 tsf,  1 bar =1.0443 tsf

  Phi = Friction Angle estimated from either:

   1.  Roberton & Campanella (1983) chart:

            Phi = 5.3 + 24*(log(Qc/p'o))+3(log(Qc/p'o))^2

   2. Peck, Hansen & Thornburn (1974)  N-Phi Correlation

   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

  OCR = Overconsolidation Ratio estimated from Schmertman (1978)

    chart using Su/p'o ratio and estimated normal consolidated Su/p'o

Note:  Assumed Properties and Adopted Qc/N Ratio based on correlations from Imperial Valley, California soils 

Density R&C Adopted Est. Fines D50 Su   
Zone UCS (pcf) Qc/N Qc/N PI (%) (mm) (tsf) Consistency

1 Sensitive fine grained ML 120 2 2 NP-15 65-100 0.02 0-0.13 very soft

2 Organic Material OL/OH 120 1 1 -- -- -- 0.13-.25 soft

3 Clay CL/CH 125 1 1.25 25-40+ 90-100 0.002 0.25-0.5 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 2.5 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 6 NP May-35 0.15 0-15 very loose

9 Sand SP 110 5 6.5 NP 0-5 0.3 15-35 loose

10 Gravelly Sand to Sand SW 115 6 7.5 NP 0-5 0.6 35-65 medium dense

11 Overconsolidated Soil -- 120 1 1 NP 90-100 0.01 65-85 dense

12 Sand to Clayey Sand SP/SC 115 2 2 NP-5 -- --- >85 very dense

Project No: LE19075
Plate
B-6Key to CPT Interpretation of Logs

Simplified Soil Classification Chart
After Robertson & Campanella (1989)
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Table of Soil Types and Assumed Properties
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

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

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

CPT file : CPT-1

8.00 ft
8.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:
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N/A
Method based
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Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: 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

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
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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 Mw:
Peak ground acceleration:
Depth to water table (insitu):

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50
8.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

8.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
9. Very stiff fine grained
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During earthq.
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

8.04 119.97 2.00 0.00 0.000.86 8.20 118.98 2.00 0.00 0.000.86
8.37 118.57 2.00 0.00 0.000.86 8.53 116.33 2.00 0.00 0.000.86
8.69 111.11 2.00 0.00 0.000.85 8.86 105.42 2.00 0.00 0.000.85
9.02 103.12 2.00 0.00 0.000.85 9.19 106.12 2.00 0.00 0.000.84
9.35 114.80 2.00 0.00 0.000.84 9.51 129.15 2.00 0.00 0.000.84
9.68 142.81 2.00 0.00 0.000.84 9.84 155.83 2.00 0.00 0.000.83
10.01 158.63 2.00 0.00 0.000.83 10.17 154.96 2.00 0.00 0.000.83
10.33 145.30 2.00 0.00 0.000.82 10.50 138.73 2.00 0.00 0.000.82
10.66 137.47 2.00 0.00 0.000.82 10.83 136.96 2.00 0.00 0.000.82
10.99 137.99 2.00 0.00 0.000.81 11.15 137.59 2.00 0.00 0.000.81
11.32 134.89 2.00 0.00 0.000.81 11.48 129.13 2.00 0.00 0.000.81
11.65 123.50 2.00 0.00 0.000.80 11.81 121.19 2.00 0.00 0.000.80
11.98 119.62 2.00 0.00 0.000.80 12.14 117.79 2.00 0.00 0.000.79
12.30 113.63 2.00 0.00 0.000.79 12.47 115.50 2.00 0.00 0.000.79
12.63 123.82 2.00 0.00 0.000.79 12.80 132.97 2.00 0.00 0.000.78
12.96 139.15 2.00 0.00 0.000.78 13.12 139.59 2.00 0.00 0.000.78
13.29 136.63 2.00 0.00 0.000.77 13.45 131.74 2.00 0.00 0.000.77
13.62 130.26 2.00 0.00 0.000.77 13.78 134.95 2.00 0.00 0.000.77
13.94 140.91 2.00 0.00 0.000.76 14.11 145.02 2.00 0.00 0.000.76
14.27 146.42 2.00 0.00 0.000.76 14.44 144.79 2.00 0.00 0.000.76
14.60 141.29 2.00 0.00 0.000.75 14.76 138.10 2.00 0.00 0.000.75
14.93 137.24 2.00 0.00 0.000.75 15.09 138.96 2.00 0.00 0.000.74
15.26 139.60 2.00 0.00 0.000.74 15.42 140.43 2.00 0.00 0.000.74
15.58 139.21 2.00 0.00 0.000.74 15.75 140.96 2.00 0.00 0.000.73
15.91 141.85 2.00 0.00 0.000.73 16.08 145.91 2.00 0.00 0.000.73
16.24 147.66 2.00 0.00 0.000.72 16.40 149.68 2.00 0.00 0.000.72
16.57 145.56 2.00 0.00 0.000.72 16.73 140.89 2.00 0.00 0.000.72
16.90 134.62 2.00 0.00 0.000.71 17.06 136.61 2.00 0.00 0.000.71
17.22 140.20 2.00 0.00 0.000.71 17.39 146.14 2.00 0.00 0.000.71
17.55 148.16 2.00 0.00 0.000.70 17.72 144.49 2.00 0.00 0.000.70
17.88 139.25 2.00 0.00 0.000.70 18.04 138.26 2.00 0.00 0.000.69
18.21 144.57 2.00 0.00 0.000.69 18.37 151.78 2.00 0.00 0.000.69
18.54 154.52 2.00 0.00 0.000.69 18.70 153.95 2.00 0.00 0.000.68
18.86 153.12 2.00 0.00 0.000.68 19.03 151.55 2.00 0.00 0.000.68
19.19 150.73 2.00 0.00 0.000.67 19.36 148.04 2.00 0.00 0.000.67
19.52 147.69 2.00 0.00 0.000.67 19.69 151.40 2.00 0.00 0.000.67
19.85 154.31 2.00 0.00 0.000.66 20.01 150.07 2.00 0.00 0.000.66
20.18 135.86 2.00 0.00 0.000.66 20.34 119.17 2.00 0.00 0.000.66
20.51 104.85 2.00 0.00 0.000.65 20.67 104.13 2.00 0.00 0.000.65
20.83 114.48 2.00 0.00 0.000.65 21.00 131.00 2.00 0.00 0.000.64
21.16 142.62 2.00 0.00 0.000.64 21.33 149.15 2.00 0.00 0.000.64
21.49 153.07 2.00 0.00 0.000.64 21.65 154.99 2.00 0.00 0.000.63
21.82 156.00 2.00 0.00 0.000.63 21.98 152.30 2.00 0.00 0.000.63
22.15 154.57 2.00 0.00 0.000.62 22.31 156.68 2.00 0.00 0.000.62
22.47 159.95 2.00 0.00 0.000.62 22.64 157.92 2.00 0.00 0.000.62
22.80 160.98 2.00 0.00 0.000.61 22.97 169.52 2.00 0.00 0.000.61
23.13 176.91 2.00 0.00 0.000.61 23.29 178.34 2.00 0.00 0.000.61
23.46 174.45 2.00 0.00 0.000.60 23.62 171.54 2.00 0.00 0.000.60
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

23.79 172.69 2.00 0.00 0.000.60 23.95 175.54 2.00 0.00 0.000.59
24.11 175.55 2.00 0.00 0.000.59 24.28 168.97 2.00 0.00 0.000.59
24.44 157.41 2.00 0.00 0.000.59 24.61 146.69 2.00 0.00 0.000.58
24.77 140.58 2.00 0.00 0.000.58 24.93 139.79 2.00 0.00 0.000.58
25.10 139.62 2.00 0.00 0.000.57 25.26 138.81 2.00 0.00 0.000.57
25.43 136.75 2.00 0.00 0.000.57 25.59 133.88 2.00 0.00 0.000.57
25.75 129.01 2.00 0.00 0.000.56 25.92 123.09 2.00 0.00 0.000.56
26.08 121.15 2.00 0.00 0.000.56 26.25 124.71 2.00 0.00 0.000.56
26.41 127.90 2.00 0.00 0.000.55 26.57 128.10 2.00 0.00 0.000.55
26.74 126.91 2.00 0.00 0.000.55 26.90 128.06 2.00 0.00 0.000.54
27.07 129.48 2.00 0.00 0.000.54 27.23 128.59 2.00 0.00 0.000.54
27.40 126.11 2.00 0.00 0.000.54 27.56 122.56 2.00 0.00 0.000.53
27.72 119.14 2.00 0.00 0.000.53 27.89 116.40 2.00 0.00 0.000.53
28.05 117.08 2.00 0.00 0.000.52 28.22 116.67 2.00 0.00 0.000.52
28.38 118.11 2.00 0.00 0.000.52 28.54 118.18 2.00 0.00 0.000.52
28.71 118.83 2.00 0.00 0.000.51 28.87 118.78 2.00 0.00 0.000.51
29.04 120.47 2.00 0.00 0.000.51 29.20 126.00 2.00 0.00 0.000.51
29.36 131.40 2.00 0.00 0.000.50 29.53 135.95 2.00 0.00 0.000.50
29.69 136.80 2.00 0.00 0.000.50 29.86 135.40 2.00 0.00 0.000.49
30.02 131.15 2.00 0.00 0.000.49 30.18 127.34 2.00 0.00 0.000.49
30.35 121.69 2.00 0.00 0.000.49 30.51 115.70 2.00 0.00 0.000.48
30.68 111.80 2.00 0.00 0.000.48 30.84 112.22 2.00 0.00 0.000.48
31.00 112.33 2.00 0.00 0.000.47 31.17 111.25 2.00 0.00 0.000.47
31.33 112.16 2.00 0.00 0.000.47 31.50 114.87 2.00 0.00 0.000.47
31.66 114.02 2.00 0.00 0.000.46 31.82 110.25 2.00 0.00 0.000.46
31.99 108.73 2.00 0.00 0.000.46 32.15 112.92 2.00 0.00 0.000.46
32.32 116.75 2.00 0.00 0.000.45 32.48 119.82 2.00 0.00 0.000.45
32.64 120.23 2.00 0.00 0.000.45 32.81 121.28 2.00 0.00 0.000.44
32.97 120.46 2.00 0.00 0.000.44 33.14 117.67 2.00 0.00 0.000.44
33.30 111.47 2.00 0.00 0.000.44 33.46 105.37 2.00 0.00 0.000.43
33.63 100.20 2.00 0.00 0.000.43 33.79 95.08 2.00 0.00 0.000.43
33.96 90.37 2.00 0.00 0.000.42 34.12 87.91 2.00 0.00 0.000.42
34.28 90.52 2.00 0.00 0.000.42 34.45 96.32 2.00 0.00 0.000.42
34.61 99.51 2.00 0.00 0.000.41 34.78 99.39 2.00 0.00 0.000.41
34.94 95.45 2.00 0.00 0.000.41 35.10 92.69 2.00 0.00 0.000.41
35.27 91.26 2.00 0.00 0.000.40 35.43 95.67 2.00 0.00 0.000.40
35.60 104.11 2.00 0.00 0.000.40 35.76 111.84 2.00 0.00 0.000.39
35.93 115.82 2.00 0.00 0.000.39 36.09 116.17 2.00 0.00 0.000.39
36.25 118.60 2.00 0.00 0.000.39 36.42 122.19 2.00 0.00 0.000.38
36.58 126.65 2.00 0.00 0.000.38 36.75 127.95 2.00 0.00 0.000.38
36.91 123.10 2.00 0.00 0.000.37 37.07 114.03 2.00 0.00 0.000.37
37.24 104.72 2.00 0.00 0.000.37 37.40 98.46 2.00 0.00 0.000.37
37.57 91.59 2.00 0.00 0.000.36 37.73 82.25 2.00 0.00 0.000.36
37.89 70.62 2.00 0.00 0.000.36 38.06 60.48 2.00 0.00 0.000.35
38.22 63.21 2.00 0.00 0.000.35 38.39 76.34 2.00 0.00 0.000.35
38.55 91.11 2.00 0.00 0.000.35 38.71 98.86 2.00 0.00 0.000.34
38.88 99.34 2.00 0.00 0.000.34 39.04 95.61 2.00 0.00 0.000.34
39.21 86.80 2.00 0.00 0.000.34 39.37 76.19 2.00 0.00 0.000.33
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

39.53 64.64 2.00 0.00 0.000.33 39.70 60.43 2.00 0.00 0.000.33
39.86 58.79 2.00 0.00 0.000.32 40.03 58.19 2.00 0.00 0.000.32
40.19 55.59 2.00 0.00 0.000.32 40.35 57.57 2.00 0.00 0.000.32
40.52 62.98 2.00 0.00 0.000.31 40.68 69.67 2.00 0.00 0.000.31
40.85 73.76 2.00 0.00 0.000.31 41.01 74.59 2.00 0.00 0.000.30
41.17 72.68 2.00 0.00 0.000.30 41.34 69.91 2.00 0.00 0.000.30
41.50 66.62 2.00 0.00 0.000.30 41.67 63.67 2.00 0.00 0.000.29
41.83 58.22 2.00 0.00 0.000.29 41.99 56.51 2.00 0.00 0.000.29
42.16 59.31 2.00 0.00 0.000.29 42.32 68.96 2.00 0.00 0.000.28
42.49 76.21 2.00 0.00 0.000.28 42.65 79.83 2.00 0.00 0.000.28
42.81 78.47 2.00 0.00 0.000.27 42.98 75.37 2.00 0.00 0.000.27
43.14 72.19 2.00 0.00 0.000.27 43.31 72.07 2.00 0.00 0.000.27
43.47 73.96 2.00 0.00 0.000.26 43.64 75.40 2.00 0.00 0.000.26
43.80 74.08 2.00 0.00 0.000.26 43.96 71.55 2.00 0.00 0.000.25
44.13 69.30 2.00 0.00 0.000.25 44.29 68.40 2.00 0.00 0.000.25
44.46 68.25 2.00 0.00 0.000.25 44.62 67.81 2.00 0.00 0.000.24
44.78 65.86 2.00 0.00 0.000.24 44.95 62.49 2.00 0.00 0.000.24
45.11 59.84 2.00 0.00 0.000.24 45.28 59.58 2.00 0.00 0.000.23
45.44 61.66 2.00 0.00 0.000.23 45.60 63.62 2.00 0.00 0.000.23
45.77 63.78 2.00 0.00 0.000.22 45.93 62.47 2.00 0.00 0.000.22
46.10 62.45 2.00 0.00 0.000.22 46.26 63.43 2.00 0.00 0.000.22
46.42 64.80 2.00 0.00 0.000.21 46.59 63.69 2.00 0.00 0.000.21
46.75 62.33 2.00 0.00 0.000.21 46.92 61.14 2.00 0.00 0.000.20
47.08 60.30 2.00 0.00 0.000.20 47.24 58.40 2.00 0.00 0.000.20
47.41 57.02 2.00 0.00 0.000.20 47.57 56.85 2.00 0.00 0.000.19
47.74 57.68 2.00 0.00 0.000.19 47.90 57.58 2.00 0.00 0.000.19
48.06 57.06 2.00 0.00 0.000.19 48.23 56.18 2.00 0.00 0.000.18
48.39 55.57 2.00 0.00 0.000.18 48.56 54.87 2.00 0.00 0.000.18
48.72 54.42 2.00 0.00 0.000.17 48.88 54.29 2.00 0.00 0.000.17
49.05 53.61 2.00 0.00 0.000.17 49.21 51.61 2.00 0.00 0.000.17
49.38 49.82 2.00 0.00 0.000.16 49.54 49.51 2.00 0.00 0.000.16
49.70 49.89 2.00 0.00 0.000.16 49.87 54.16 2.00 0.00 0.000.15
50.03 57.29 2.00 0.00 0.000.15

Total estimated settlement: 0.00

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

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

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

CPT file : CPT-2

8.00 ft
8.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method based
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: 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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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50
8.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

8.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
9. Very stiff fine grained
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During earthq.
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

8.04 87.36 2.00 0.00 0.000.86 8.20 87.19 2.00 0.00 0.000.86
8.37 96.18 2.00 0.00 0.000.86 8.53 106.38 2.00 0.00 0.000.86
8.69 112.48 2.00 0.00 0.000.85 8.86 110.89 2.00 0.00 0.000.85
9.02 111.02 2.00 0.00 0.000.85 9.19 116.47 2.00 0.00 0.000.84
9.35 122.07 2.00 0.00 0.000.84 9.51 124.70 2.00 0.00 0.000.84
9.68 124.57 2.00 0.00 0.000.84 9.84 125.67 2.00 0.00 0.000.83
10.01 128.65 2.00 0.00 0.000.83 10.17 133.81 2.00 0.00 0.000.83
10.33 139.27 2.00 0.00 0.000.82 10.50 141.24 2.00 0.00 0.000.82
10.66 140.53 2.00 0.00 0.000.82 10.83 137.12 2.00 0.00 0.000.82
10.99 132.08 2.00 0.00 0.000.81 11.15 125.69 2.00 0.00 0.000.81
11.32 121.22 2.00 0.00 0.000.81 11.48 118.55 2.00 0.00 0.000.81
11.65 114.78 2.00 0.00 0.000.80 11.81 114.47 2.00 0.00 0.000.80
11.98 117.86 2.00 0.00 0.000.80 12.14 123.32 2.00 0.00 0.000.79
12.30 124.95 2.00 0.00 0.000.79 12.47 126.35 2.00 0.00 0.000.79
12.63 127.12 2.00 0.00 0.000.79 12.80 126.75 2.00 0.00 0.000.78
12.96 128.67 2.00 0.00 0.000.78 13.12 137.01 2.00 0.00 0.000.78
13.29 146.43 2.00 0.00 0.000.77 13.45 152.65 2.00 0.00 0.000.77
13.62 152.23 2.00 0.00 0.000.77 13.78 150.77 2.00 0.00 0.000.77
13.94 149.69 2.00 0.00 0.000.76 14.11 147.77 2.00 0.00 0.000.76
14.27 143.23 2.00 0.00 0.000.76 14.44 134.40 2.00 0.00 0.000.76
14.60 130.85 2.00 0.00 0.000.75 14.76 131.78 2.00 0.00 0.000.75
14.93 137.68 2.00 0.00 0.000.75 15.09 141.06 2.00 0.00 0.000.74
15.26 142.59 2.00 0.00 0.000.74 15.42 140.26 2.00 0.00 0.000.74
15.58 137.71 2.00 0.00 0.000.74 15.75 138.11 2.00 0.00 0.000.73
15.91 142.76 2.00 0.00 0.000.73 16.08 148.65 2.00 0.00 0.000.73
16.24 151.42 2.00 0.00 0.000.72 16.40 149.65 2.00 0.00 0.000.72
16.57 142.62 2.00 0.00 0.000.72 16.73 137.02 2.00 0.00 0.000.72
16.90 134.47 2.00 0.00 0.000.71 17.06 136.99 2.00 0.00 0.000.71
17.22 140.40 2.00 0.00 0.000.71 17.39 144.16 2.00 0.00 0.000.71
17.55 147.16 2.00 0.00 0.000.70 17.72 147.34 2.00 0.00 0.000.70
17.88 145.63 2.00 0.00 0.000.70 18.04 142.20 2.00 0.00 0.000.69
18.21 137.49 2.00 0.00 0.000.69 18.37 134.79 2.00 0.00 0.000.69
18.54 135.52 2.00 0.00 0.000.69 18.70 138.83 2.00 0.00 0.000.68
18.86 142.10 2.00 0.00 0.000.68 19.03 147.42 2.00 0.00 0.000.68
19.19 153.72 2.00 0.00 0.000.67 19.36 155.93 2.00 0.00 0.000.67
19.52 149.47 2.00 0.00 0.000.67 19.69 138.34 2.00 0.00 0.000.67
19.85 130.61 2.00 0.00 0.000.66 20.01 127.39 2.00 0.00 0.000.66
20.18 126.45 2.00 0.00 0.000.66 20.34 122.79 2.00 0.00 0.000.66
20.51 120.62 2.00 0.00 0.000.65 20.67 123.16 2.00 0.00 0.000.65
20.83 132.56 2.00 0.00 0.000.65 21.00 144.81 2.00 0.00 0.000.64
21.16 158.42 2.00 0.00 0.000.64 21.33 169.86 2.00 0.00 0.000.64
21.49 175.02 2.00 0.00 0.000.64 21.65 173.22 2.00 0.00 0.000.63
21.82 164.99 2.00 0.00 0.000.63 21.98 158.59 2.00 0.00 0.000.63
22.15 151.83 2.00 0.00 0.000.62 22.31 144.28 2.00 0.00 0.000.62
22.47 133.91 2.00 0.00 0.000.62 22.64 122.50 2.00 0.00 0.000.62
22.80 113.97 2.00 0.00 0.000.61 22.97 115.77 2.00 0.00 0.000.61
23.13 130.82 2.00 0.00 0.000.61 23.29 142.43 2.00 0.00 0.000.61
23.46 145.56 2.00 0.00 0.000.60 23.62 138.07 2.00 0.00 0.000.60
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

23.79 137.78 2.00 0.00 0.000.60 23.95 142.26 2.00 0.00 0.000.59
24.11 152.61 2.00 0.00 0.000.59 24.28 157.26 2.00 0.00 0.000.59
24.44 157.24 2.00 0.00 0.000.59 24.61 149.93 2.00 0.00 0.000.58
24.77 142.55 2.00 0.00 0.000.58 24.93 143.51 2.00 0.00 0.000.58
25.10 149.66 2.00 0.00 0.000.57 25.26 152.78 2.00 0.00 0.000.57
25.43 148.83 2.00 0.00 0.000.57 25.59 143.18 2.00 0.00 0.000.57
25.75 139.46 2.00 0.00 0.000.56 25.92 135.62 2.00 0.00 0.000.56
26.08 133.19 2.00 0.00 0.000.56 26.25 130.04 2.00 0.00 0.000.56
26.41 126.80 2.00 0.00 0.000.55 26.57 123.29 2.00 0.00 0.000.55
26.74 124.77 2.00 0.00 0.000.55 26.90 128.04 2.00 0.00 0.000.54
27.07 127.87 2.00 0.00 0.000.54 27.23 124.65 2.00 0.00 0.000.54
27.40 123.42 2.00 0.00 0.000.54 27.56 125.82 2.00 0.00 0.000.53
27.72 129.41 2.00 0.00 0.000.53 27.89 132.22 2.00 0.00 0.000.53
28.05 136.18 2.00 0.00 0.000.52 28.22 139.19 2.00 0.00 0.000.52
28.38 139.58 2.00 0.00 0.000.52 28.54 136.40 2.00 0.00 0.000.52
28.71 132.41 2.00 0.00 0.000.51 28.87 131.90 2.00 0.00 0.000.51
29.04 133.41 2.00 0.00 0.000.51 29.20 135.88 2.00 0.00 0.000.51
29.36 139.24 2.00 0.00 0.000.50 29.53 144.11 2.00 0.00 0.000.50
29.69 147.91 2.00 0.00 0.000.50 29.86 148.75 2.00 0.00 0.000.49
30.02 146.27 2.00 0.00 0.000.49 30.18 143.95 2.00 0.00 0.000.49
30.35 143.23 2.00 0.00 0.000.49 30.51 146.19 2.00 0.00 0.000.48
30.68 150.88 2.00 0.00 0.000.48 30.84 153.31 2.00 0.00 0.000.48
31.00 153.80 2.00 0.00 0.000.47 31.17 154.28 2.00 0.00 0.000.47
31.33 157.57 2.00 0.00 0.000.47 31.50 153.01 2.00 0.00 0.000.47
31.66 154.59 2.00 0.00 0.000.46 31.82 152.70 2.00 0.00 0.000.46
31.99 155.75 2.00 0.00 0.000.46 32.15 151.09 2.00 0.00 0.000.46
32.32 147.83 2.00 0.00 0.000.45 32.48 145.76 2.00 0.00 0.000.45
32.64 140.14 2.00 0.00 0.000.45 32.81 133.97 2.00 0.00 0.000.44
32.97 130.32 2.00 0.00 0.000.44 33.14 132.24 2.00 0.00 0.000.44
33.30 133.70 2.00 0.00 0.000.44 33.46 131.98 2.00 0.00 0.000.43
33.63 130.38 2.00 0.00 0.000.43 33.79 132.66 2.00 0.00 0.000.43
33.96 137.36 2.00 0.00 0.000.42 34.12 139.02 2.00 0.00 0.000.42
34.28 136.49 2.00 0.00 0.000.42 34.45 134.01 2.00 0.00 0.000.42
34.61 131.99 2.00 0.00 0.000.41 34.78 130.99 2.00 0.00 0.000.41
34.94 124.05 2.00 0.00 0.000.41 35.10 106.18 2.00 0.00 0.000.41
35.27 108.32 2.00 0.00 0.000.40 35.43 116.24 2.00 0.00 0.000.40
35.60 131.29 2.00 0.00 0.000.40 35.76 128.43 2.00 0.00 0.000.39
35.93 124.20 2.00 0.00 0.000.39 36.09 120.99 2.00 0.00 0.000.39
36.25 118.67 2.00 0.00 0.000.39 36.42 117.46 2.00 0.00 0.000.38
36.58 116.41 2.00 0.00 0.000.38 36.75 114.96 2.00 0.00 0.000.38
36.91 112.18 2.00 0.00 0.000.37 37.07 109.16 2.00 0.00 0.000.37
37.24 108.67 2.00 0.00 0.000.37 37.40 109.91 2.00 0.00 0.000.37
37.57 113.02 2.00 0.00 0.000.36 37.73 115.42 2.00 0.00 0.000.36
37.89 118.48 2.00 0.00 0.000.36 38.06 120.42 2.00 0.00 0.000.35
38.22 120.97 2.00 0.00 0.000.35 38.39 120.42 2.00 0.00 0.000.35
38.55 119.67 2.00 0.00 0.000.35 38.71 118.51 2.00 0.00 0.000.34
38.88 117.61 2.00 0.00 0.000.34 39.04 115.20 2.00 0.00 0.000.34
39.21 110.80 2.00 0.00 0.000.34 39.37 105.70 2.00 0.00 0.000.33
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

39.53 101.48 2.00 0.00 0.000.33 39.70 98.49 2.00 0.00 0.000.33
39.86 96.59 2.00 0.00 0.000.32 40.03 95.67 2.00 0.00 0.000.32
40.19 97.13 2.00 0.00 0.000.32 40.35 98.64 2.00 0.00 0.000.32
40.52 98.88 2.00 0.00 0.000.31 40.68 96.83 2.00 0.00 0.000.31
40.85 92.14 2.00 0.00 0.000.31 41.01 88.77 2.00 0.00 0.000.30
41.17 84.35 2.00 0.00 0.000.30 41.34 81.40 2.00 0.00 0.000.30
41.50 77.39 2.00 0.00 0.000.30 41.67 76.16 2.00 0.00 0.000.29
41.83 76.40 2.00 0.00 0.000.29 41.99 76.66 2.00 0.00 0.000.29
42.16 75.61 2.00 0.00 0.000.29 42.32 71.98 2.00 0.00 0.000.28
42.49 68.05 2.00 0.00 0.000.28 42.65 66.80 2.00 0.00 0.000.28
42.81 69.47 2.00 0.00 0.000.27 42.98 73.47 2.00 0.00 0.000.27
43.14 75.84 2.00 0.00 0.000.27 43.31 76.24 2.00 0.00 0.000.27
43.47 75.02 2.00 0.00 0.000.26 43.64 74.38 2.00 0.00 0.000.26
43.80 74.31 2.00 0.00 0.000.26 43.96 74.98 2.00 0.00 0.000.25
44.13 74.60 2.00 0.00 0.000.25 44.29 76.20 2.00 0.00 0.000.25
44.46 80.54 2.00 0.00 0.000.25 44.62 86.78 2.00 0.00 0.000.24
44.78 90.93 2.00 0.00 0.000.24 44.95 93.24 2.00 0.00 0.000.24
45.11 93.73 2.00 0.00 0.000.24 45.28 92.65 2.00 0.00 0.000.23
45.44 89.03 2.00 0.00 0.000.23 45.60 84.92 2.00 0.00 0.000.23
45.77 80.93 2.00 0.00 0.000.22 45.93 77.69 2.00 0.00 0.000.22
46.10 74.24 2.00 0.00 0.000.22 46.26 71.34 2.00 0.00 0.000.22
46.42 68.07 2.00 0.00 0.000.21 46.59 65.10 2.00 0.00 0.000.21
46.75 63.06 2.00 0.00 0.000.21 46.92 62.80 2.00 0.00 0.000.20
47.08 63.25 2.00 0.00 0.000.20 47.24 63.50 2.00 0.00 0.000.20
47.41 64.30 2.00 0.00 0.000.20 47.57 66.85 2.00 0.00 0.000.19
47.74 69.90 2.00 0.00 0.000.19 47.90 71.36 2.00 0.00 0.000.19
48.06 69.62 2.00 0.00 0.000.19 48.23 66.49 2.00 0.00 0.000.18
48.39 64.48 2.00 0.00 0.000.18 48.56 65.33 2.00 0.00 0.000.18
48.72 67.11 2.00 0.00 0.000.17 48.88 66.06 2.00 0.00 0.000.17
49.05 63.01 2.00 0.00 0.000.17 49.21 61.74 2.00 0.00 0.000.17
49.38 63.70 2.00 0.00 0.000.16 49.54 65.97 2.00 0.00 0.000.16
49.70 65.40 2.00 0.00 0.000.16 49.87 62.98 2.00 0.00 0.000.15
50.03 60.76 2.00 0.00 0.000.15

Total estimated settlement: 0.00

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement

CLiq v.2.2.0.32 - CPT Liquefaction Assessment Software - Report created on: 5/22/2019, 7:39:34 AM 12
Project file: F:\Library\Geotechnical\Landmark Geotechnical Reports\2019 LCI Report Files\LE19075 Heber 2 Repower Project\CPT Liq.clq



L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

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

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

CPT file : CPT-3

8.00 ft
8.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method based
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: 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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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50
8.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

8.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
9. Very stiff fine grained
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Cone resistance

qt (tsf)
15010050

De
pt

h 
(f

t)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0
Cone resistance SBTn Plot

Ic (Robertson 1990)
4321

De
pt

h 
(f

t)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0
SBTn Plot FS Plot

Factor of safety
21.510.50

De
pt

h 
(f

t)

50

48

46

44

42

40

38

36

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0
FS Plot

During earthq.
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

8.04 105.22 2.00 0.00 0.000.86 8.20 98.09 2.00 0.00 0.000.86
8.37 89.48 2.00 0.00 0.000.86 8.53 84.06 2.00 0.00 0.000.86
8.69 85.12 2.00 0.00 0.000.85 8.86 93.40 2.00 0.00 0.000.85
9.02 99.67 2.00 0.00 0.000.85 9.19 104.91 2.00 0.00 0.000.84
9.35 106.95 2.00 0.00 0.000.84 9.51 115.87 2.00 0.00 0.000.84
9.68 128.34 2.00 0.00 0.000.84 9.84 137.59 2.00 0.00 0.000.83
10.01 139.16 2.00 0.00 0.000.83 10.17 135.75 2.00 0.00 0.000.83
10.33 134.00 2.00 0.00 0.000.82 10.50 136.19 2.00 0.00 0.000.82
10.66 138.03 2.00 0.00 0.000.82 10.83 138.95 2.00 0.00 0.000.82
10.99 137.77 2.00 0.00 0.000.81 11.15 136.64 2.00 0.00 0.000.81
11.32 132.10 2.00 0.00 0.000.81 11.48 125.76 2.00 0.00 0.000.81
11.65 120.13 2.00 0.00 0.000.80 11.81 120.19 2.00 0.00 0.000.80
11.98 125.19 2.00 0.00 0.000.80 12.14 132.55 2.00 0.00 0.000.79
12.30 140.53 2.00 0.00 0.000.79 12.47 151.43 2.00 0.00 0.000.79
12.63 157.43 2.00 0.00 0.000.79 12.80 158.94 2.00 0.00 0.000.78
12.96 155.22 2.00 0.00 0.000.78 13.12 152.28 2.00 0.00 0.000.78
13.29 151.52 2.00 0.00 0.000.77 13.45 152.54 2.00 0.00 0.000.77
13.62 152.19 2.00 0.00 0.000.77 13.78 153.09 2.00 0.00 0.000.77
13.94 154.64 2.00 0.00 0.000.76 14.11 156.69 2.00 0.00 0.000.76
14.27 155.45 2.00 0.00 0.000.76 14.44 149.53 2.00 0.00 0.000.76
14.60 141.82 2.00 0.00 0.000.75 14.76 137.16 2.00 0.00 0.000.75
14.93 132.83 2.00 0.00 0.000.75 15.09 128.46 2.00 0.00 0.000.74
15.26 120.02 2.00 0.00 0.000.74 15.42 114.98 2.00 0.00 0.000.74
15.58 115.12 2.00 0.00 0.000.74 15.75 121.64 2.00 0.00 0.000.73
15.91 125.61 2.00 0.00 0.000.73 16.08 126.76 2.00 0.00 0.000.73
16.24 125.34 2.00 0.00 0.000.72 16.40 122.47 2.00 0.00 0.000.72
16.57 116.72 2.00 0.00 0.000.72 16.73 112.12 2.00 0.00 0.000.72
16.90 113.22 2.00 0.00 0.000.71 17.06 120.49 2.00 0.00 0.000.71
17.22 126.45 2.00 0.00 0.000.71 17.39 130.53 2.00 0.00 0.000.71
17.55 132.64 2.00 0.00 0.000.70 17.72 135.99 2.00 0.00 0.000.70
17.88 137.42 2.00 0.00 0.000.70 18.04 136.58 2.00 0.00 0.000.69
18.21 132.83 2.00 0.00 0.000.69 18.37 131.91 2.00 0.00 0.000.69
18.54 132.44 2.00 0.00 0.000.69 18.70 132.83 2.00 0.00 0.000.68
18.86 132.94 2.00 0.00 0.000.68 19.03 132.94 2.00 0.00 0.000.68
19.19 135.47 2.00 0.00 0.000.67 19.36 134.98 2.00 0.00 0.000.67
19.52 132.82 2.00 0.00 0.000.67 19.69 129.87 2.00 0.00 0.000.67
19.85 126.97 2.00 0.00 0.000.66 20.01 123.39 2.00 0.00 0.000.66
20.18 116.87 2.00 0.00 0.000.66 20.34 109.55 2.00 0.00 0.000.66
20.51 105.52 2.00 0.00 0.000.65 20.67 105.35 2.00 0.00 0.000.65
20.83 107.65 2.00 0.00 0.000.65 21.00 108.62 2.00 0.00 0.000.64
21.16 112.61 2.00 0.00 0.000.64 21.33 117.42 2.00 0.00 0.000.64
21.49 121.92 2.00 0.00 0.000.64 21.65 125.67 2.00 0.00 0.000.63
21.82 129.09 2.00 0.00 0.000.63 21.98 130.92 2.00 0.00 0.000.63
22.15 132.02 2.00 0.00 0.000.62 22.31 133.84 2.00 0.00 0.000.62
22.47 140.34 2.00 0.00 0.000.62 22.64 144.51 2.00 0.00 0.000.62
22.80 149.71 2.00 0.00 0.000.61 22.97 152.21 2.00 0.00 0.000.61
23.13 158.62 2.00 0.00 0.000.61 23.29 164.29 2.00 0.00 0.000.61
23.46 163.34 2.00 0.00 0.000.60 23.62 149.57 2.00 0.00 0.000.60
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

23.79 137.21 2.00 0.00 0.000.60 23.95 138.01 2.00 0.00 0.000.59
24.11 142.14 2.00 0.00 0.000.59 24.28 141.20 2.00 0.00 0.000.59
24.44 130.89 2.00 0.00 0.000.59 24.61 121.03 2.00 0.00 0.000.58
24.77 117.62 2.00 0.00 0.000.58 24.93 121.38 2.00 0.00 0.000.58
25.10 126.27 2.00 0.00 0.000.57 25.26 130.22 2.00 0.00 0.000.57
25.43 129.59 2.00 0.00 0.000.57 25.59 131.09 2.00 0.00 0.000.57
25.75 135.18 2.00 0.00 0.000.56 25.92 139.49 2.00 0.00 0.000.56
26.08 139.40 2.00 0.00 0.000.56 26.25 137.13 2.00 0.00 0.000.56
26.41 133.24 2.00 0.00 0.000.55 26.57 128.22 2.00 0.00 0.000.55
26.74 120.94 2.00 0.00 0.000.55 26.90 117.65 2.00 0.00 0.000.54
27.07 123.39 2.00 0.00 0.000.54 27.23 130.15 2.00 0.00 0.000.54
27.40 134.00 2.00 0.00 0.000.54 27.56 130.29 2.00 0.00 0.000.53
27.72 125.72 2.00 0.00 0.000.53 27.89 123.53 2.00 0.00 0.000.53
28.05 123.09 2.00 0.00 0.000.52 28.22 121.41 2.00 0.00 0.000.52
28.38 117.09 2.00 0.00 0.000.52 28.54 111.50 2.00 0.00 0.000.52
28.71 108.31 2.00 0.00 0.000.51 28.87 107.69 2.00 0.00 0.000.51
29.04 112.56 2.00 0.00 0.000.51 29.20 119.74 2.00 0.00 0.000.51
29.36 125.93 2.00 0.00 0.000.50 29.53 127.06 2.00 0.00 0.000.50
29.69 126.51 2.00 0.00 0.000.50 29.86 125.39 2.00 0.00 0.000.49
30.02 129.92 2.00 0.00 0.000.49 30.18 135.27 2.00 0.00 0.000.49
30.35 140.32 2.00 0.00 0.000.49 30.51 137.30 2.00 0.00 0.000.48
30.68 129.14 2.00 0.00 0.000.48 30.84 120.95 2.00 0.00 0.000.48
31.00 116.56 2.00 0.00 0.000.47 31.17 119.19 2.00 0.00 0.000.47
31.33 123.11 2.00 0.00 0.000.47 31.50 131.51 2.00 0.00 0.000.47
31.66 140.19 2.00 0.00 0.000.46 31.82 148.00 2.00 0.00 0.000.46
31.99 151.97 2.00 0.00 0.000.46 32.15 151.52 2.00 0.00 0.000.46
32.32 145.89 2.00 0.00 0.000.45 32.48 138.22 2.00 0.00 0.000.45
32.64 131.44 2.00 0.00 0.000.45 32.81 126.66 2.00 0.00 0.000.44
32.97 120.92 2.00 0.00 0.000.44 33.14 115.82 2.00 0.00 0.000.44
33.30 117.32 2.00 0.00 0.000.44 33.46 122.10 2.00 0.00 0.000.43
33.63 123.45 2.00 0.00 0.000.43 33.79 118.97 2.00 0.00 0.000.43
33.96 114.29 2.00 0.00 0.000.42 34.12 113.26 2.00 0.00 0.000.42
34.28 116.07 2.00 0.00 0.000.42 34.45 120.77 2.00 0.00 0.000.42
34.61 124.37 2.00 0.00 0.000.41 34.78 124.30 2.00 0.00 0.000.41
34.94 107.22 2.00 0.00 0.000.41 35.10 104.14 2.00 0.00 0.000.41
35.27 103.90 2.00 0.00 0.000.40 35.43 114.48 2.00 0.00 0.000.40
35.60 108.91 2.00 0.00 0.000.40 35.76 103.69 2.00 0.00 0.000.39
35.93 103.19 2.00 0.00 0.000.39 36.09 102.94 2.00 0.00 0.000.39
36.25 100.79 2.00 0.00 0.000.39 36.42 95.16 2.00 0.00 0.000.38
36.58 89.61 2.00 0.00 0.000.38 36.75 86.08 2.00 0.00 0.000.38
36.91 85.66 2.00 0.00 0.000.37 37.07 88.52 2.00 0.00 0.000.37
37.24 90.83 2.00 0.00 0.000.37 37.40 92.89 2.00 0.00 0.000.37
37.57 92.98 2.00 0.00 0.000.36 37.73 92.32 2.00 0.00 0.000.36
37.89 90.55 2.00 0.00 0.000.36 38.06 89.64 2.00 0.00 0.000.35
38.22 90.25 2.00 0.00 0.000.35 38.39 91.89 2.00 0.00 0.000.35
38.55 94.23 2.00 0.00 0.000.35 38.71 96.50 2.00 0.00 0.000.34
38.88 96.89 2.00 0.00 0.000.34 39.04 94.80 2.00 0.00 0.000.34
39.21 90.16 2.00 0.00 0.000.34 39.37 83.66 2.00 0.00 0.000.33
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

39.53 76.97 2.00 0.00 0.000.33 39.70 70.89 2.00 0.00 0.000.33
39.86 68.91 2.00 0.00 0.000.32 40.03 71.76 2.00 0.00 0.000.32
40.19 81.13 2.00 0.00 0.000.32 40.35 93.57 2.00 0.00 0.000.32
40.52 103.75 2.00 0.00 0.000.31 40.68 107.44 2.00 0.00 0.000.31
40.85 110.91 2.00 0.00 0.000.31 41.01 115.14 2.00 0.00 0.000.30
41.17 118.91 2.00 0.00 0.000.30 41.34 114.80 2.00 0.00 0.000.30
41.50 103.67 2.00 0.00 0.000.30 41.67 91.95 2.00 0.00 0.000.29
41.83 88.04 2.00 0.00 0.000.29 41.99 90.47 2.00 0.00 0.000.29
42.16 92.83 2.00 0.00 0.000.29 42.32 87.29 2.00 0.00 0.000.28
42.49 78.72 2.00 0.00 0.000.28 42.65 71.54 2.00 0.00 0.000.28
42.81 71.84 2.00 0.00 0.000.27 42.98 73.65 2.00 0.00 0.000.27
43.14 75.58 2.00 0.00 0.000.27 43.31 74.00 2.00 0.00 0.000.27
43.47 73.64 2.00 0.00 0.000.26 43.64 73.86 2.00 0.00 0.000.26
43.80 76.92 2.00 0.00 0.000.26 43.96 78.92 2.00 0.00 0.000.25
44.13 81.06 2.00 0.00 0.000.25 44.29 83.91 2.00 0.00 0.000.25
44.46 85.95 2.00 0.00 0.000.25 44.62 85.68 2.00 0.00 0.000.24
44.78 83.55 2.00 0.00 0.000.24 44.95 80.58 2.00 0.00 0.000.24
45.11 77.10 2.00 0.00 0.000.24 45.28 74.16 2.00 0.00 0.000.23
45.44 71.31 2.00 0.00 0.000.23 45.60 66.96 2.00 0.00 0.000.23
45.77 60.99 2.00 0.00 0.000.22 45.93 55.97 2.00 0.00 0.000.22
46.10 56.91 2.00 0.00 0.000.22 46.26 61.03 2.00 0.00 0.000.22
46.42 64.41 2.00 0.00 0.000.21 46.59 62.81 2.00 0.00 0.000.21
46.75 58.05 2.00 0.00 0.000.21 46.92 53.06 2.00 0.00 0.000.20
47.08 52.59 2.00 0.00 0.000.20 47.24 54.97 2.00 0.00 0.000.20
47.41 58.19 2.00 0.00 0.000.20 47.57 61.05 2.00 0.00 0.000.19
47.74 64.16 2.00 0.00 0.000.19 47.90 66.86 2.00 0.00 0.000.19
48.06 73.10 2.00 0.00 0.000.19 48.23 77.76 2.00 0.00 0.000.18
48.39 80.72 2.00 0.00 0.000.18 48.56 78.24 2.00 0.00 0.000.18
48.72 74.42 2.00 0.00 0.000.17 48.88 68.90 2.00 0.00 0.000.17
49.05 63.15 2.00 0.00 0.000.17 49.21 57.14 2.00 0.00 0.000.17
49.38 52.74 2.00 0.00 0.000.16 49.54 51.53 2.00 0.00 0.000.16
49.70 56.86 2.00 0.00 0.000.16 49.87 66.86 2.00 0.00 0.000.15
50.03 74.65 2.00 0.00 0.000.15

Total estimated settlement: 0.00

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

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

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

CPT file : CPT-4

8.00 ft
8.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method based
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During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: 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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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50
8.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

8.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
9. Very stiff fine grained
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During earthq.
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

8.04 142.33 2.00 0.00 0.000.86 8.20 139.48 2.00 0.00 0.000.86
8.37 138.37 2.00 0.00 0.000.86 8.53 139.38 2.00 0.00 0.000.86
8.69 139.25 2.00 0.00 0.000.85 8.86 137.40 2.00 0.00 0.000.85
9.02 135.29 2.00 0.00 0.000.85 9.19 135.08 2.00 0.00 0.000.84
9.35 134.94 2.00 0.00 0.000.84 9.51 135.74 2.00 0.00 0.000.84
9.68 134.20 2.00 0.00 0.000.84 9.84 130.53 2.00 0.00 0.000.83
10.01 123.17 2.00 0.00 0.000.83 10.17 117.24 2.00 0.00 0.000.83
10.33 113.17 2.00 0.00 0.000.82 10.50 112.17 2.00 0.00 0.000.82
10.66 108.77 2.00 0.00 0.000.82 10.83 104.41 2.00 0.00 0.000.82
10.99 101.82 2.00 0.00 0.000.81 11.15 104.52 2.00 0.00 0.000.81
11.32 109.26 2.00 0.00 0.000.81 11.48 112.95 2.00 0.00 0.000.81
11.65 119.67 2.00 0.00 0.000.80 11.81 128.35 2.00 0.00 0.000.80
11.98 140.47 2.00 0.00 0.000.80 12.14 147.20 2.00 0.00 0.000.79
12.30 148.82 2.00 0.00 0.000.79 12.47 144.70 2.00 0.00 0.000.79
12.63 140.44 2.00 0.00 0.000.79 12.80 138.49 2.00 0.00 0.000.78
12.96 137.16 2.00 0.00 0.000.78 13.12 135.57 2.00 0.00 0.000.78
13.29 132.50 2.00 0.00 0.000.77 13.45 129.05 2.00 0.00 0.000.77
13.62 125.64 2.00 0.00 0.000.77 13.78 124.00 2.00 0.00 0.000.77
13.94 123.55 2.00 0.00 0.000.76 14.11 123.41 2.00 0.00 0.000.76
14.27 120.42 2.00 0.00 0.000.76 14.44 118.59 2.00 0.00 0.000.76
14.60 119.72 2.00 0.00 0.000.75 14.76 124.75 2.00 0.00 0.000.75
14.93 129.68 2.00 0.00 0.000.75 15.09 132.02 2.00 0.00 0.000.74
15.26 133.55 2.00 0.00 0.000.74 15.42 134.74 2.00 0.00 0.000.74
15.58 134.99 2.00 0.00 0.000.74 15.75 133.14 2.00 0.00 0.000.73
15.91 128.53 2.00 0.00 0.000.73 16.08 125.13 2.00 0.00 0.000.73
16.24 124.40 2.00 0.00 0.000.72 16.40 129.52 2.00 0.00 0.000.72
16.57 133.92 2.00 0.00 0.000.72 16.73 138.54 2.00 0.00 0.000.72
16.90 138.35 2.00 0.00 0.000.71 17.06 138.11 2.00 0.00 0.000.71
17.22 135.17 2.00 0.00 0.000.71 17.39 131.59 2.00 0.00 0.000.71
17.55 129.88 2.00 0.00 0.000.70 17.72 132.65 2.00 0.00 0.000.70
17.88 129.80 2.00 0.00 0.000.70 18.04 125.42 2.00 0.00 0.000.69
18.21 120.72 2.00 0.00 0.000.69 18.37 117.18 2.00 0.00 0.000.69
18.54 111.78 2.00 0.00 0.000.69 18.70 102.14 2.00 0.00 0.000.68
18.86 99.81 2.00 0.00 0.000.68 19.03 103.57 2.00 0.00 0.000.68
19.19 110.46 2.00 0.00 0.000.67 19.36 115.60 2.00 0.00 0.000.67
19.52 121.21 2.00 0.00 0.000.67 19.69 128.63 2.00 0.00 0.000.67
19.85 135.46 2.00 0.00 0.000.66 20.01 137.97 2.00 0.00 0.000.66
20.18 138.68 2.00 0.00 0.000.66 20.34 141.42 2.00 0.00 0.000.66
20.51 148.20 2.00 0.00 0.000.65 20.67 152.28 2.00 0.00 0.000.65
20.83 154.70 2.00 0.00 0.000.65 21.00 155.14 2.00 0.00 0.000.64
21.16 153.33 2.00 0.00 0.000.64 21.33 146.51 2.00 0.00 0.000.64
21.49 137.48 2.00 0.00 0.000.64 21.65 130.46 2.00 0.00 0.000.63
21.82 135.64 2.00 0.00 0.000.63 21.98 146.28 2.00 0.00 0.000.63
22.15 157.92 2.00 0.00 0.000.62 22.31 162.22 2.00 0.00 0.000.62
22.47 158.98 2.00 0.00 0.000.62 22.64 153.08 2.00 0.00 0.000.62
22.80 147.97 2.00 0.00 0.000.61 22.97 147.24 2.00 0.00 0.000.61
23.13 146.00 2.00 0.00 0.000.61 23.29 142.46 2.00 0.00 0.000.61
23.46 137.35 2.00 0.00 0.000.60 23.62 134.72 2.00 0.00 0.000.60
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

23.79 135.51 2.00 0.00 0.000.60 23.95 140.30 2.00 0.00 0.000.59
24.11 148.28 2.00 0.00 0.000.59 24.28 155.88 2.00 0.00 0.000.59
24.44 157.27 2.00 0.00 0.000.59 24.61 150.21 2.00 0.00 0.000.58
24.77 141.21 2.00 0.00 0.000.58 24.93 135.75 2.00 0.00 0.000.58
25.10 133.99 2.00 0.00 0.000.57 25.26 129.44 2.00 0.00 0.000.57
25.43 124.86 2.00 0.00 0.000.57 25.59 121.99 2.00 0.00 0.000.57
25.75 119.46 2.00 0.00 0.000.56 25.92 114.39 2.00 0.00 0.000.56
26.08 108.01 2.00 0.00 0.000.56 26.25 102.56 2.00 0.00 0.000.56
26.41 98.09 2.00 0.00 0.000.55 26.57 94.88 2.00 0.00 0.000.55
26.74 93.00 2.00 0.00 0.000.55 26.90 92.55 2.00 0.00 0.000.54
27.07 94.48 2.00 0.00 0.000.54 27.23 98.16 2.00 0.00 0.000.54
27.40 102.11 2.00 0.00 0.000.54 27.56 105.58 2.00 0.00 0.000.53
27.72 108.32 2.00 0.00 0.000.53 27.89 108.90 2.00 0.00 0.000.53
28.05 105.70 2.00 0.00 0.000.52 28.22 101.01 2.00 0.00 0.000.52
28.38 101.21 2.00 0.00 0.000.52 28.54 109.35 2.00 0.00 0.000.52
28.71 122.45 2.00 0.00 0.000.51 28.87 132.20 2.00 0.00 0.000.51
29.04 132.26 2.00 0.00 0.000.51 29.20 122.61 2.00 0.00 0.000.51
29.36 113.45 2.00 0.00 0.000.50 29.53 108.45 2.00 0.00 0.000.50
29.69 112.51 2.00 0.00 0.000.50 29.86 122.10 0.47 0.98 0.020.49
30.02 134.00 0.57 0.90 0.020.49 30.18 139.79 2.00 0.00 0.000.49
30.35 134.38 2.00 0.00 0.000.49 30.51 125.58 2.00 0.00 0.000.48
30.68 118.58 2.00 0.00 0.000.48 30.84 113.67 2.00 0.00 0.000.48
31.00 107.11 2.00 0.00 0.000.47 31.17 101.29 2.00 0.00 0.000.47
31.33 99.19 2.00 0.00 0.000.47 31.50 101.98 2.00 0.00 0.000.47
31.66 105.65 2.00 0.00 0.000.46 31.82 110.41 2.00 0.00 0.000.46
31.99 112.05 2.00 0.00 0.000.46 32.15 110.51 2.00 0.00 0.000.46
32.32 106.64 2.00 0.00 0.000.45 32.48 106.90 2.00 0.00 0.000.45
32.64 113.40 2.00 0.00 0.000.45 32.81 120.33 2.00 0.00 0.000.44
32.97 120.02 2.00 0.00 0.000.44 33.14 113.57 2.00 0.00 0.000.44
33.30 105.91 2.00 0.00 0.000.44 33.46 102.21 2.00 0.00 0.000.43
33.63 98.16 2.00 0.00 0.000.43 33.79 94.29 2.00 0.00 0.000.43
33.96 92.81 2.00 0.00 0.000.42 34.12 94.31 2.00 0.00 0.000.42
34.28 92.55 2.00 0.00 0.000.42 34.45 90.14 2.00 0.00 0.000.42
34.61 91.88 2.00 0.00 0.000.41 34.78 97.81 2.00 0.00 0.000.41
34.94 99.81 2.00 0.00 0.000.41 35.10 98.30 2.00 0.00 0.000.41
35.27 96.86 2.00 0.00 0.000.40 35.43 97.74 2.00 0.00 0.000.40
35.60 97.15 2.00 0.00 0.000.40 35.76 95.38 2.00 0.00 0.000.39
35.93 94.33 2.00 0.00 0.000.39 36.09 98.44 2.00 0.00 0.000.39
36.25 106.57 2.00 0.00 0.000.39 36.42 116.11 2.00 0.00 0.000.38
36.58 121.17 2.00 0.00 0.000.38 36.75 121.27 2.00 0.00 0.000.38
36.91 118.99 2.00 0.00 0.000.37 37.07 118.97 2.00 0.00 0.000.37
37.24 121.97 2.00 0.00 0.000.37 37.40 122.80 2.00 0.00 0.000.37
37.57 119.74 2.00 0.00 0.000.36 37.73 112.21 2.00 0.00 0.000.36
37.89 105.81 2.00 0.00 0.000.36 38.06 101.75 2.00 0.00 0.000.35
38.22 99.67 2.00 0.00 0.000.35 38.39 97.89 2.00 0.00 0.000.35
38.55 95.90 2.00 0.00 0.000.35 38.71 93.10 2.00 0.00 0.000.34
38.88 89.59 2.00 0.00 0.000.34 39.04 86.60 2.00 0.00 0.000.34
39.21 85.25 2.00 0.00 0.000.34 39.37 84.76 2.00 0.00 0.000.33
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

39.53 83.85 2.00 0.00 0.000.33 39.70 81.80 2.00 0.00 0.000.33
39.86 79.22 2.00 0.00 0.000.32 40.03 76.47 2.00 0.00 0.000.32
40.19 73.46 2.00 0.00 0.000.32 40.35 71.67 2.00 0.00 0.000.32
40.52 70.72 2.00 0.00 0.000.31 40.68 69.95 2.00 0.00 0.000.31
40.85 69.28 2.00 0.00 0.000.31 41.01 69.53 2.00 0.00 0.000.30
41.17 71.27 2.00 0.00 0.000.30 41.34 74.52 2.00 0.00 0.000.30
41.50 80.79 2.00 0.00 0.000.30 41.67 83.97 2.00 0.00 0.000.29
41.83 85.73 2.00 0.00 0.000.29 41.99 83.77 2.00 0.00 0.000.29
42.16 83.35 2.00 0.00 0.000.29 42.32 81.51 2.00 0.00 0.000.28
42.49 78.90 2.00 0.00 0.000.28 42.65 77.04 2.00 0.00 0.000.28
42.81 76.77 2.00 0.00 0.000.27 42.98 78.97 2.00 0.00 0.000.27
43.14 83.16 2.00 0.00 0.000.27 43.31 88.56 2.00 0.00 0.000.27
43.47 91.55 2.00 0.00 0.000.26 43.64 91.06 2.00 0.00 0.000.26
43.80 88.91 2.00 0.00 0.000.26 43.96 86.77 2.00 0.00 0.000.25
44.13 84.65 2.00 0.00 0.000.25 44.29 82.07 2.00 0.00 0.000.25
44.46 80.48 2.00 0.00 0.000.25 44.62 80.38 2.00 0.00 0.000.24
44.78 80.96 2.00 0.00 0.000.24 44.95 80.56 2.00 0.00 0.000.24
45.11 79.49 2.00 0.00 0.000.24 45.28 79.02 2.00 0.00 0.000.23
45.44 79.84 2.00 0.00 0.000.23 45.60 82.76 2.00 0.00 0.000.23
45.77 83.63 2.00 0.00 0.000.22 45.93 82.78 2.00 0.00 0.000.22
46.10 77.11 2.00 0.00 0.000.22 46.26 72.76 2.00 0.00 0.000.22
46.42 69.37 2.00 0.00 0.000.21 46.59 69.74 2.00 0.00 0.000.21
46.75 69.62 2.00 0.00 0.000.21 46.92 69.91 2.00 0.00 0.000.20
47.08 72.01 2.00 0.00 0.000.20 47.24 75.02 2.00 0.00 0.000.20
47.41 78.40 2.00 0.00 0.000.20 47.57 79.97 2.00 0.00 0.000.19
47.74 79.74 2.00 0.00 0.000.19 47.90 76.12 2.00 0.00 0.000.19
48.06 69.32 2.00 0.00 0.000.19 48.23 60.53 2.00 0.00 0.000.18
48.39 53.50 2.00 0.00 0.000.18 48.56 51.55 2.00 0.00 0.000.18
48.72 53.74 2.00 0.00 0.000.17 48.88 58.38 2.00 0.00 0.000.17
49.05 63.34 2.00 0.00 0.000.17 49.21 68.92 2.00 0.00 0.000.17
49.38 72.80 2.00 0.00 0.000.16 49.54 76.03 2.00 0.00 0.000.16
49.70 77.80 2.00 0.00 0.000.16 49.87 79.94 2.00 0.00 0.000.15
50.03 81.33 2.00 0.00 0.000.15

Total estimated settlement: 0.04

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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L I Q U E F A C T I O N  A N A L Y S I S  R E P O R T

Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50

G.W.T. (in-situ):
G.W.T. (earthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:

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

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

CPT file : CPT-5

8.00 ft
8.00 ft
3
2.60
Based on SBT

Use fill:
Fill height:
Fill weight:
Trans. detect. applied:
Kσ applied:

No
N/A
N/A
Yes
Yes

Clay like behavior
applied:
Limit depth applied:
Limit depth:
MSF method:

 
Sands only
No
N/A
Method based
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FS Plot

During earthq.

Zone A1: Cyclic liquefaction likely depending on size and duration of cyclic loading
Zone A2: 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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Input parameters and analysis data
Analysis method:
Fines correction method:
Points to test:
Earthquake magnitude Mw:
Peak ground acceleration:
Depth to water table (insitu):

NCEER (1998)
NCEER (1998)
Based on Ic value
7.00
0.50
8.00 ft

Depth to water table (erthq.):
Average results interval:
Ic cut-off value:
Unit weight calculation:
Use fill:
Fill height:

8.00 ft
3
2.60
Based on SBT
No
N/A

Fill weight:
Transition detect. applied:
Kσ applied:
Clay like behavior applied:
Limit depth applied:
Limit depth:

N/A
Yes
Yes
Sands only
No
N/A

SBT legend
1. Sensitive fine grained
2. Organic material
3. Clay to silty clay

4. Clayey silt to silty
5. Silty sand to sandy silt
6. Clean sand to silty sand

7. Gravely sand to sand
8. Very stiff sand to
9. Very stiff fine grained
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Abbreviations
qt:
Ic:
FS:
Volumentric strain:

Total cone resistance (cone resistance qc corrected for pore water effects)
Soil Behaviour Type Index
Calculated Factor of Safety against liquefaction
Post-liquefaction volumentric strain
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::  Post-earthquake settlement due to soil liquefaction ::

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

8.04 119.22 2.00 0.00 0.000.86 8.20 120.85 2.00 0.00 0.000.86
8.37 121.77 2.00 0.00 0.000.86 8.53 121.74 2.00 0.00 0.000.86
8.69 123.66 2.00 0.00 0.000.85 8.86 127.30 2.00 0.00 0.000.85
9.02 130.40 2.00 0.00 0.000.85 9.19 130.61 2.00 0.00 0.000.84
9.35 129.25 2.00 0.00 0.000.84 9.51 127.22 2.00 0.00 0.000.84
9.68 125.93 2.00 0.00 0.000.84 9.84 124.71 2.00 0.00 0.000.83
10.01 123.50 2.00 0.00 0.000.83 10.17 120.59 2.00 0.00 0.000.83
10.33 115.49 2.00 0.00 0.000.82 10.50 108.81 2.00 0.00 0.000.82
10.66 102.72 2.00 0.00 0.000.82 10.83 97.88 2.00 0.00 0.000.82
10.99 94.40 2.00 0.00 0.000.81 11.15 93.33 2.00 0.00 0.000.81
11.32 92.09 2.00 0.00 0.000.81 11.48 95.09 2.00 0.00 0.000.81
11.65 105.48 2.00 0.00 0.000.80 11.81 117.60 2.00 0.00 0.000.80
11.98 131.26 0.69 1.33 0.030.80 12.14 143.05 0.84 0.96 0.020.79
12.30 152.70 0.97 0.47 0.010.79 12.47 152.80 2.00 0.00 0.000.79
12.63 143.18 2.00 0.00 0.000.79 12.80 134.31 2.00 0.00 0.000.78
12.96 130.65 2.00 0.00 0.000.78 13.12 129.65 2.00 0.00 0.000.78
13.29 127.91 2.00 0.00 0.000.77 13.45 124.35 2.00 0.00 0.000.77
13.62 120.29 2.00 0.00 0.000.77 13.78 120.60 2.00 0.00 0.000.77
13.94 128.55 2.00 0.00 0.000.76 14.11 137.42 2.00 0.00 0.000.76
14.27 142.24 2.00 0.00 0.000.76 14.44 141.06 2.00 0.00 0.000.76
14.60 138.35 2.00 0.00 0.000.75 14.76 133.75 2.00 0.00 0.000.75
14.93 129.06 2.00 0.00 0.000.75 15.09 127.77 2.00 0.00 0.000.74
15.26 132.22 2.00 0.00 0.000.74 15.42 138.42 2.00 0.00 0.000.74
15.58 140.75 2.00 0.00 0.000.74 15.75 139.78 2.00 0.00 0.000.73
15.91 138.74 2.00 0.00 0.000.73 16.08 138.05 2.00 0.00 0.000.73
16.24 137.36 2.00 0.00 0.000.72 16.40 138.60 2.00 0.00 0.000.72
16.57 143.48 2.00 0.00 0.000.72 16.73 146.06 2.00 0.00 0.000.72
16.90 145.22 2.00 0.00 0.000.71 17.06 141.94 2.00 0.00 0.000.71
17.22 139.81 2.00 0.00 0.000.71 17.39 137.72 2.00 0.00 0.000.71
17.55 137.02 2.00 0.00 0.000.70 17.72 137.39 2.00 0.00 0.000.70
17.88 136.19 2.00 0.00 0.000.70 18.04 135.45 2.00 0.00 0.000.69
18.21 132.44 2.00 0.00 0.000.69 18.37 130.93 2.00 0.00 0.000.69
18.54 124.17 2.00 0.00 0.000.69 18.70 118.78 2.00 0.00 0.000.68
18.86 113.72 2.00 0.00 0.000.68 19.03 112.47 2.00 0.00 0.000.68
19.19 112.04 2.00 0.00 0.000.67 19.36 117.35 2.00 0.00 0.000.67
19.52 128.21 2.00 0.00 0.000.67 19.69 143.57 2.00 0.00 0.000.67
19.85 153.43 2.00 0.00 0.000.66 20.01 160.71 2.00 0.00 0.000.66
20.18 163.07 2.00 0.00 0.000.66 20.34 164.44 2.00 0.00 0.000.66
20.51 162.92 2.00 0.00 0.000.65 20.67 161.17 2.00 0.00 0.000.65
20.83 160.88 2.00 0.00 0.000.65 21.00 160.69 2.00 0.00 0.000.64
21.16 158.54 2.00 0.00 0.000.64 21.33 151.78 2.00 0.00 0.000.64
21.49 140.81 2.00 0.00 0.000.64 21.65 130.93 2.00 0.00 0.000.63
21.82 126.27 2.00 0.00 0.000.63 21.98 126.66 2.00 0.00 0.000.63
22.15 126.16 2.00 0.00 0.000.62 22.31 126.33 2.00 0.00 0.000.62
22.47 126.09 2.00 0.00 0.000.62 22.64 123.91 2.00 0.00 0.000.62
22.80 121.99 2.00 0.00 0.000.61 22.97 126.99 2.00 0.00 0.000.61
23.13 143.39 2.00 0.00 0.000.61 23.29 157.57 0.86 0.48 0.010.61
23.46 167.32 1.00 0.33 0.010.60 23.62 165.76 0.98 0.33 0.010.60
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

23.79 159.66 0.89 0.47 0.010.60 23.95 148.21 2.00 0.00 0.000.59
24.11 135.94 2.00 0.00 0.000.59 24.28 120.89 2.00 0.00 0.000.59
24.44 113.50 2.00 0.00 0.000.59 24.61 115.23 2.00 0.00 0.000.58
24.77 123.04 2.00 0.00 0.000.58 24.93 128.87 2.00 0.00 0.000.58
25.10 131.54 2.00 0.00 0.000.57 25.26 130.14 2.00 0.00 0.000.57
25.43 125.79 2.00 0.00 0.000.57 25.59 121.98 2.00 0.00 0.000.57
25.75 120.15 2.00 0.00 0.000.56 25.92 121.20 2.00 0.00 0.000.56
26.08 122.21 2.00 0.00 0.000.56 26.25 122.93 2.00 0.00 0.000.56
26.41 122.83 2.00 0.00 0.000.55 26.57 122.65 2.00 0.00 0.000.55
26.74 123.77 2.00 0.00 0.000.55 26.90 123.52 2.00 0.00 0.000.54
27.07 122.85 2.00 0.00 0.000.54 27.23 120.78 2.00 0.00 0.000.54
27.40 120.44 2.00 0.00 0.000.54 27.56 120.16 2.00 0.00 0.000.53
27.72 118.94 2.00 0.00 0.000.53 27.89 119.67 2.00 0.00 0.000.53
28.05 121.33 2.00 0.00 0.000.52 28.22 123.92 2.00 0.00 0.000.52
28.38 122.71 2.00 0.00 0.000.52 28.54 119.82 2.00 0.00 0.000.52
28.71 115.02 2.00 0.00 0.000.51 28.87 111.29 2.00 0.00 0.000.51
29.04 109.61 2.00 0.00 0.000.51 29.20 112.15 2.00 0.00 0.000.51
29.36 116.02 2.00 0.00 0.000.50 29.53 122.43 2.00 0.00 0.000.50
29.69 128.66 2.00 0.00 0.000.50 29.86 132.51 2.00 0.00 0.000.49
30.02 133.32 2.00 0.00 0.000.49 30.18 133.01 2.00 0.00 0.000.49
30.35 134.24 2.00 0.00 0.000.49 30.51 135.73 2.00 0.00 0.000.48
30.68 134.98 2.00 0.00 0.000.48 30.84 133.52 2.00 0.00 0.000.48
31.00 132.42 2.00 0.00 0.000.47 31.17 131.76 2.00 0.00 0.000.47
31.33 131.41 2.00 0.00 0.000.47 31.50 130.79 2.00 0.00 0.000.47
31.66 129.46 2.00 0.00 0.000.46 31.82 127.40 2.00 0.00 0.000.46
31.99 125.47 2.00 0.00 0.000.46 32.15 124.76 2.00 0.00 0.000.46
32.32 123.94 2.00 0.00 0.000.45 32.48 122.71 2.00 0.00 0.000.45
32.64 121.40 2.00 0.00 0.000.45 32.81 120.70 2.00 0.00 0.000.44
32.97 120.37 2.00 0.00 0.000.44 33.14 120.33 2.00 0.00 0.000.44
33.30 119.72 2.00 0.00 0.000.44 33.46 119.43 2.00 0.00 0.000.43
33.63 118.76 2.00 0.00 0.000.43 33.79 117.66 2.00 0.00 0.000.43
33.96 117.16 2.00 0.00 0.000.42 34.12 117.75 2.00 0.00 0.000.42
34.28 120.54 2.00 0.00 0.000.42 34.45 119.94 2.00 0.00 0.000.42
34.61 117.36 2.00 0.00 0.000.41 34.78 114.03 2.00 0.00 0.000.41
34.94 115.06 2.00 0.00 0.000.41 35.10 117.56 2.00 0.00 0.000.41
35.27 118.09 2.00 0.00 0.000.40 35.43 116.84 2.00 0.00 0.000.40
35.60 115.80 2.00 0.00 0.000.40 35.76 116.35 2.00 0.00 0.000.39
35.93 117.12 2.00 0.00 0.000.39 36.09 117.39 2.00 0.00 0.000.39
36.25 117.58 2.00 0.00 0.000.39 36.42 118.84 2.00 0.00 0.000.38
36.58 119.93 2.00 0.00 0.000.38 36.75 119.47 2.00 0.00 0.000.38
36.91 116.76 2.00 0.00 0.000.37 37.07 113.06 2.00 0.00 0.000.37
37.24 109.88 2.00 0.00 0.000.37 37.40 107.43 2.00 0.00 0.000.37
37.57 106.75 2.00 0.00 0.000.36 37.73 106.32 2.00 0.00 0.000.36
37.89 106.17 2.00 0.00 0.000.36 38.06 105.28 2.00 0.00 0.000.35
38.22 104.58 2.00 0.00 0.000.35 38.39 102.50 2.00 0.00 0.000.35
38.55 98.98 2.00 0.00 0.000.35 38.71 94.70 2.00 0.00 0.000.34
38.88 90.90 2.00 0.00 0.000.34 39.04 87.39 2.00 0.00 0.000.34
39.21 84.59 2.00 0.00 0.000.34 39.37 82.78 2.00 0.00 0.000.33
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:: Post-earthquake settlement due to soil liquefaction :: (continued)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

Depth
(ft)

FSQtn,cs ev (%) Settlement
(in)

DF DF

39.53 84.00 2.00 0.00 0.000.33 39.70 87.03 2.00 0.00 0.000.33
39.86 90.97 2.00 0.00 0.000.32 40.03 96.73 2.00 0.00 0.000.32
40.19 105.29 2.00 0.00 0.000.32 40.35 115.76 2.00 0.00 0.000.32
40.52 121.29 2.00 0.00 0.000.31 40.68 125.41 2.00 0.00 0.000.31
40.85 123.12 2.00 0.00 0.000.31 41.01 117.19 2.00 0.00 0.000.30
41.17 107.63 2.00 0.00 0.000.30 41.34 102.80 2.00 0.00 0.000.30
41.50 99.33 2.00 0.00 0.000.30 41.67 95.42 2.00 0.00 0.000.29
41.83 90.50 2.00 0.00 0.000.29 41.99 89.98 2.00 0.00 0.000.29
42.16 88.92 2.00 0.00 0.000.29 42.32 83.52 2.00 0.00 0.000.28
42.49 78.18 2.00 0.00 0.000.28 42.65 77.51 2.00 0.00 0.000.28
42.81 82.85 2.00 0.00 0.000.27 42.98 88.58 2.00 0.00 0.000.27
43.14 92.04 2.00 0.00 0.000.27 43.31 92.24 2.00 0.00 0.000.27
43.47 90.25 2.00 0.00 0.000.26 43.64 86.84 2.00 0.00 0.000.26
43.80 83.41 2.00 0.00 0.000.26 43.96 80.95 2.00 0.00 0.000.25
44.13 78.49 2.00 0.00 0.000.25 44.29 76.67 2.00 0.00 0.000.25
44.46 75.23 2.00 0.00 0.000.25 44.62 74.90 2.00 0.00 0.000.24
44.78 74.57 2.00 0.00 0.000.24 44.95 73.31 2.00 0.00 0.000.24
45.11 72.32 2.00 0.00 0.000.24 45.28 70.79 2.00 0.00 0.000.23
45.44 69.68 2.00 0.00 0.000.23 45.60 67.68 2.00 0.00 0.000.23
45.77 65.78 2.00 0.00 0.000.22 45.93 64.39 2.00 0.00 0.000.22
46.10 63.45 2.00 0.00 0.000.22 46.26 63.10 2.00 0.00 0.000.22
46.42 63.80 2.00 0.00 0.000.21 46.59 65.52 2.00 0.00 0.000.21
46.75 67.21 2.00 0.00 0.000.21 46.92 67.86 2.00 0.00 0.000.20
47.08 67.38 2.00 0.00 0.000.20 47.24 66.55 2.00 0.00 0.000.20
47.41 66.19 2.00 0.00 0.000.20 47.57 66.07 2.00 0.00 0.000.19
47.74 65.63 2.00 0.00 0.000.19 47.90 63.67 2.00 0.00 0.000.19
48.06 60.77 2.00 0.00 0.000.19 48.23 58.45 2.00 0.00 0.000.18
48.39 57.99 2.00 0.00 0.000.18 48.56 57.54 2.00 0.00 0.000.18
48.72 56.34 2.00 0.00 0.000.17 48.88 54.30 2.00 0.00 0.000.17
49.05 55.00 2.00 0.00 0.000.17 49.21 55.85 2.00 0.00 0.000.17
49.38 55.75 2.00 0.00 0.000.16 49.54 53.84 2.00 0.00 0.000.16
49.70 52.12 2.00 0.00 0.000.16 49.87 53.14 2.00 0.00 0.000.15
50.03 54.80 2.00 0.00 0.000.15

Total estimated settlement: 0.09

Abbreviations
Qtn,cs:
FS:
ev (%):
DF:
Settlement:

Equivalent clean sand normalized cone resistance
Factor of safety against liquefaction
Post-liquefaction volumentric strain
ev depth weighting factor
Calculated settlement
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