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1. INTRODUCTION

In accordance with your request, we have performed a geotechnical evaluation for Southern 

California Edison’s (SCE) Calcite 220kV Substation and Transmission Alignment project located 

in San Bernardino County, California. The project generally consists of the construction of a new 

substation and associated facilities to interconnect the NextEra Energy Resources (NEER) 

60 megawatt (MW) Ord Mountain Solar Project to SCE’s existing Lugo-Pisgah No. 1 220kV 

Transmission Line (TL). Our services were performed in order to evaluate the site geology and 

geotechnical conditions in order to provide geotechnical design and construction 

recommendations for the proposed project and geotechnical design parameters for the design of 

new tower structures. Our work was performed under the review of SCE personnel and in 

general accordance with Purchase Order No. 4500889587 dated November 9. This report 

provides our findings, conclusions, and geotechnical design and construction recommendations 

for the project. Our geotechnical parameters for design of project TL tower structures will be 

provided under separate cover.

2. SCOPE OF SERVICES

The scope of our geotechnical services included the following:

Project planning and coordination with SCE personnel and drilling/backhoe subcontractors 

Review of readily available background data, including in-house geotechnical data, 
published geotechnical literature and geologic maps.

Preparation of a Work Plan and Health & Safety Plan for our field work.

Geotechnical site reconnaissance with a SCE representative to observe the site conditions 
for drill rig/backhoe access, to mark proposed boring locations for utility clearance, and to 
observe and map the site geologic conditions.

Coordination with Underground Service Alert for underground utility location prior to 
excavation.

Attendance at Work Environmental Awareness Protection training by field personnel with 
the biological and archeological monitors prior to performing field work.

Subsurface exploration consisting of the drilling, logging, and sampling of twenty 
exploratory borings to depths of up to approximately 51½ feet and two test pits to a depth of 
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approximately 5 feet. The purposes of the borings and test pits were to observe the 
subsurface conditions and to collect soil samples for geotechnical laboratory testing.

Percolation testing within the aforementioned test pits using a double-ring infiltrometer in 
general accordance with ASTM International (ASTM) D 2285. The testing was performed in 
order to evaluate the infiltration rates of the on-site soils at the proposed location of a site 
stormwater detention basin.

Geotechnical laboratory testing of collected soil samples, including in-situ moisture and dry 
density, percentage of particles finer than the No. 200 sieve, gradation, direct shear, 
consolidation potential, expansion index, Proctor density, R-value, and corrosivity.

Compilation and geotechnical analysis of the field and laboratory data.

Preparation of this geotechnical report presenting our findings, conclusions, and 
recommendations pertaining to the design and construction of the proposed project.

3. SITE DESCRIPTION

The project substation will be located on an approximately 11-acre, rectangular-shaped lot 

located within Lucerne Valley west of the intersection of Barstow Road (State Route 247) and 

Haynes Road (Figure 1). The site is located in a generally undeveloped area north of Lucerne 

Dry Lake that is bounded on the east by the Whitehorse Mountains. The existing Lugo-Pisgah 

220kV, El Dorado-Lugo 500kV, and Lugo-Mohave 500kV TLs traverse the proposed Loop-in 

area to be located south of the substation in a general north to south direction. A dirt access road 

crosses the site from Barstow Road as the west extension of Haynes Road. Other access roads 

are present along the existing TL alignments. Based on our review of a topographic map, the site 

of the proposed substation is relatively flat with a gentle slope towards the southeast (United 

States Geological Survey [USGS], 1993). Elevations at the substation range from approximately 

2,920 feet at its northwest corner to approximately 2,900 feet at its southeast corner. South of the 

substation, the site generally slopes toward the south to an elevation of approximately 2,880 feet 

at the southern end of the proposed Loop-in.

4. PROPOSED CONSTRUCTION

As discussed, the project generally includes the construction of the proposed Calcite Substation 

and associated facilities to interconnect the NEER 60 MW Ord Mountain Solar Project to SCE’s 
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existing Lugo-Pisgah No. 1 220kV Transmission Line (TL). Project components consist of the 

following:

Construction of the new Calcite Substation consisting of an approximately 7-acre 220kV 
switchyard. We anticipate that the new switchyard will consist of various electrical 
equipment (i.e., transformers, switchgear, circuit breakers, etc.) and single-story buildings 
supported on shallow spread foundations and associated underground utilities. We also 
anticipate that a block wall supported by shallow spread foundations will be constructed 
around the perimeter of the substation.

Grading of approximately 6 additional acres to install and construct site drainage, an asphalt 
concrete (AC) paved access road, and stormwater detention basin. The proposed access road 
will be approximately 1/3 of a mile in length and will connect the proposed substation to 
Barstow Road. The proposed stormwater detention basin will be located on the east side of
the substation.

Construction of a Loop-in between the Lugo-Pisgah No. 1 220kV TL and the Calcite 
Substation. The loop-in will consist of two new side-by-side, approximately 2,500-foot-long 
TLs (the new Calcite-Lugo 220kV TL and Calcite-Pisgah 220kV TL).

Construction of two new lattice towers mid-span of the existing Eldorado-Lugo and 
Lugo-Mojave 500kV TLs in order to raise the existing 500kV TLs and facilitate a proposed 
crossing of the new TLs beneath the existing 500kV TLs. The lattice towers will be 
supported on cast-in-drilled-hole (CIDH) pile foundations.

Construction of a connection between the NEER-built generation tie line and the Calcite 
Substation. The connection will consist of two new structures with three spans between the 
generator’s closest structure and Calcite Substation. The new structures will be supported on 
CIDH pile foundations.

We anticipate that earthwork of the project will generally include relatively minor cuts and fills 

in order to prepare subgrade for the substation structures and site improvements, AC access road, 

and other dirt access roads to facilitate construction and allow future maintenance of the 

proposed towers. Other site work will include placement of aggregate base (AB) and AC to 

construct the access road and trench excavation and backfill. 

5. SUBSURFACE EXPLORATION AND LABORATORY TESTING

Our subsurface exploration was performed on November 28 through December 12, 2016, and 

consisted of the drilling, logging, and sampling of twenty borings (B-1 through B-15, and B-17 

through B-21) to depths of up to approximately 51½ feet and the excavation of two test pits 
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(INF-1 and INF-2) to depths of approximately 5 feet to facilitate percolation testing. The 

approximate locations of the borings and test pits are shown on Figures 2 and 3. Note that Boring 

B-16 was not drilled due to access/permitting constraints at the time of our evaluation. The 

borings were generally accessed using existing unpaved roads and were drilled with a 

truck-mounted drill rig utilizing 8-inch-diameter hollow-stem augers. The purposes of the 

borings was to evaluate the underlying soils in the areas of the proposed improvements and 

collect bulk and relatively undisturbed soil samples at selected depths for laboratory testing. 

Prior to drilling, each location was hand-augered to a depth of approximately 5 feet to clear the 

boring locations of shallow underground utilities. The test pits were excavated with a backhoe 

utilizing a 3-foot-wide bucket. The borings and test pits were logged by a representative of 

Ninyo & Moore and materials were visually classified in the field. Percolation testing was 

performed in test pits INF-1 and INF-2, as discussed below. Collected samples were transported 

to our laboratory for testing. Logs of the exploratory borings and test pits are presented in 

Appendix A. 

Geotechnical laboratory testing was performed by our firm on representative bulk and relatively 

undisturbed soil samples obtained from our exploratory borings and test pits. The geotechnical 

laboratory testing included in-situ moisture and dry density, percentage of particles finer than the 

No. 200 sieve, gradation, direct shear, consolidation potential, expansion index, Proctor density, 

R-value, and corrosivity. The geotechnical laboratory test results are presented on the borings 

logs in Appendix A, and in Appendix B. 

6. GEOLOGY AND SUBSURFACE CONDITIONS

The subject site is located within the western portion of the Mojave Desert geomorphic province 

of southern California, which is generally characterized by an area of broad alluviated basins 

separated by mountain ranges generally consisting of Proterozoic, Paleozoic, and lower 

Mesozoic-age metasedimentary and sedimentary rock and Jurassic to Cretaceous-age granitic 

rock (Norris and Webb, 1990).  The province is generally bounded by the San Andreas fault on 

the southwest, the Garlock fault, Tehachapi Mountains, and Basin and Range Geomorphic 

province on the north, the Nevada state line and Colorado River on the east, and the arbitrary San 
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Bernardino-Riverside County line to the south (Norris and Webb, 1990). The western Mojave 

Desert is characterized by right-lateral slip faults roughly parallel to the San Andreas fault and 

truncated by the Garlock fault (Norris and Webb, 1990).

Based on our review of published geologic maps of the area, the site is generally underlain by 

Holocene-age alluvial deposits (Dibblee, 1964). According to Dibble (1964), the Whitehorse 

Mountains east of the site and the hill south of the proposed substation are generally underlain by 

granitic rocks consisting of granite, quartz monzonite, and gabbro with lesser amounts of 

limestone and metasedimentary rocks. The site geology is shown on Figure 4. Based on our site 

reconnaissance and review of published geologic maps, the site is not underlain by landslides.

Materials encountered during our subsurface exploration generally consisted of alluvial deposits 

to the total depths explored of approximately 51½ feet, with the exception of borings B-17 and 

B-18. In borings B-17 and B-18, granitic rock was encountered beneath the alluvial deposits at 

depths of approximately 49 and 33 feet, respectively. The alluvial deposits encountered in our 

borings generally consisted of interbedded reddish brown, yellowish brown, light brown, and 

reddish yellow, dry to moist, medium dense to very dense, silty sand, poorly graded sand with 

silt, clayey sand, and sandy silt with varying amounts of gravel. The deposits were observed to 

have varying degrees of cementation due to secondary deposition of carbonate cements 

(i.e., caliche). The granitic rock encountered in borings B-17 and B-18 generally consisted of 

dark gray and white, moist, weathered, moderately soft, granitic rock.  Detailed descriptions of 

the materials encountered in our borings are presented on the boring logs in Appendix A.

7. GROUNDWATER

Groundwater was not encountered in the borings at the time of drilling. Based on our review of 

the California Department of Water Resources website (2017), multiple groundwater wells are 

located within the vicinity of the project. Our review of data for five of the wells ranging 

approximately ¼ to ¾ miles from the project site (Well Nos. 345531N1169657W001, 

345494N1169482W001, 345458N1169437W001, 345531N1169479W001, and 

345458N1169440W001) indicates that the depths to groundwater in the wells varied from 

approximately 79 feet to 143 feet between August 1954 and March 1955. It is anticipated that 
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similar depths to groundwater are present at the project site. However, shallower groundwater, 

seepage, and/or perched groundwater conditions may be encountered at the site due to local 

irrigation, seasonal precipitation, and other factors.

8. FIELD PERCOLATION TESTING

Our field percolation testing was performed in test pits INF-1 and INF-2 on December 6 and 7, 

2016, using a double-ring infiltrometer. The testing was performed at depths of approximately 

5 feet to evaluate the infiltration rate of the near-surface on-site soils in the vicinity of the 

proposed stormwater detention basin. The testing was performed in general accordance with the 

procedure described by ASTM D3385, which includes driving 24-inch-diameter stainless steel 

outer ring and a 12-inch-diameter stainless steel inner ring into the ground and adding water to 

both rings. The purpose of having an outer and inner ring is to measure the infiltration rate of the 

inner ring in a one-dimensional vertical steady state flow condition. Percolation testing was 

performed under a constant head condition where the water level in the outer and inner rings was 

maintained at constant level by filling up the rings with water through separate reservoirs. The 

drop of the water level was measured at selected time intervals. Testing was repeated multiple 

times until the rate of infiltration reached an equilibrium value. The test results are summarized 

in Table 1. As shown in Table 1, measured infiltration rates were approximately 0.3 and 0.1 inch 

per hour in test pits INF-1 and INF-2, respectively. Note that a correction factor is not applied to 

the measured field rate when using the double-ring infiltrometer test method. Also, the infiltration 

rate measured during the field testing is based on short-duration tests using clean water. During the 

design life of an infiltration system the rate of percolation may slow due to a variety of reasons, 

including infiltration of fine particles into the system, accumulations of trash or other debris, and 

other unforeseen reasons.

Table 1 – Percolation Test Results

Test Location Depth of Test 
(feet) USCS Soil Type Field Infiltration Rate

(inches per hour)
INF-1 5.0 Silty Sand (SM) 0.3
INF-2 5.0 Silty Sand (SM) 0.1

Note: USCS – Unified Soils Classification System



Calcite 220kV Substation & Transmission Line Project March 24, 2017
San Bernardino, California Project No. 209418048

209418048 R Geo Eval 7

9. FAULTING AND SEISMICITY

The subject site is not located within a State of California Earthquake Fault Zone (Alquist-Priolo 

Special Studies Zone) (Hart and Bryant, 1997). However, the site is located in a seismically 

active area, as is the majority of southern California, and the potential for strong ground motion 

in the project area is considered significant during the design life of the proposed structure. 

Figure 5 shows the approximate site location relative to the major faults in the region. 

Table 2 lists selected principal known active faults located within the fault database for the 2008 

National Seismic Hazards Map (USGS, 2008). The approximate fault-to-site distances and the 

maximum moment magnitudes (Mmax) provided in Table 2 were calculated using the same USGS 

fault database (USGS, 2008).

Table 2 – Principal Active Faults

Fault Approximate Fault to Site Distance
miles1 (Km)

Maximum Moment
Magnitude1 (Mmax)

Helendale-Lockhart 4.5 (7.2) 7.4
Lenwood-Lockhart-Old Woman Springs 9.3 (15.0) 7.5
North Frontal West 10.0 (16.1) 7.2
Johnson Valley 14.6 (23.5) 6.9
North Frontal East 16.5 (26.6) 7.0
Landers 16.5 (26.6) 7.4
Cleghorn 22.7 (36.6) 6.8
Gravel Hills-Harper Lake 23.0 (37.1) 7.1
South Emerson-Copper Mountain 23.6 (38.0) 7.1
Calico-Hidalgo 25.1 (40.4) 7.4
San Andreas 30.8 (49.5) 8.2

The principal seismic hazards evaluated at the subject site are surface fault rupture, ground 

motion, and liquefaction. A brief description of these hazards and the potential for their 

occurrences on site are discussed in the following sections.

9.1. Surface Fault Rupture

Based on our review of the referenced literature and our site reconnaissance, no active faults 

are known to cross the project site. Therefore, the probability of damage from surface fault 
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rupture is considered to be low. However, lurching or cracking of the ground surface as a 

result of nearby seismic events is possible.

9.2. Ground Motion

The 2016 California Building Code (CBC) specifies that the Risk-Targeted, Maximum 

Considered Earthquake (MCER) ground motion response accelerations be used to evaluate 

seismic loads for design of buildings and other structures. The MCER ground motion 

response accelerations are based on the spectral response accelerations for 5 percent 

damping in the direction of maximum horizontal response and incorporate a target risk for 

structural collapse equivalent to 1 percent in 50 years with deterministic limits for 

near-source effects. The horizontal peak ground acceleration (PGA) that corresponds to the 

MCER for the site was calculated as 0.57g using the USGS (USGS, 2017) seismic design 

tool (web-based). Spectral response acceleration parameters, consistent with the 2016 CBC, 

are also provided in Section 12.2 for the evaluation of seismic loads on buildings and other 

structures.

The 2016 CBC specifies that the potential for liquefaction and soil strength loss be 

evaluated, where applicable, for the Maximum Considered Earthquake Geometric Mean 

(MCEG) PGA with adjustment for site class effects in accordance with the American Society 

of Civil Engineers 7-10 Standard. The MCEG PGA is based on the geometric mean PGA 

with a 2 percent probability of exceedance in 50 years. The MCEG PGA with adjustment for 

site class effects (PGAM) was calculated as 0.53g using the USGS (USGS, 2017) seismic 

design tool that yielded a mapped MCEG PGA of 0.53 for the site and a site coefficient 

(FPGA) of 1.00 for Site Class C.

9.3. Liquefaction Evaluation

Liquefaction is the phenomenon in which loosely deposited granular soils with silt and clay 

contents of less than approximately 35 percent and non-plastic silts located below the water 

table undergo rapid loss of shear strength due to development of excess pore pressure during 

strong earthquake-induced ground shaking. Ground shaking of sufficient duration results in 

the loss of grain-to-grain contact due to a rapid rise in pore water pressure and it eventually 
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causes the soil to behave as a fluid for a short period of time. Liquefaction is known 

generally to occur in saturated or near-saturated cohesionless soils at depths shallower than 

50 feet below the ground surface. Factors known to influence liquefaction potential include

composition and thickness of soil layers, grain size, relative density, groundwater level, 

degree of saturation, and both intensity and duration of ground shaking. 

Based on our review of the County of San Bernardino 2007 General Plan (2014), the site is 

not located in an area mapped as being potentially susceptible to liquefaction. Our 

subsurface exploration and laboratory testing indicate that the site is generally underlain by 

relatively dense alluvium and bedrock materials, and that the depth to groundwater is in 

excess of 50 feet at the site. Accordingly, it is our opinion that liquefaction and 

liquefaction-related seismic hazards (e.g., dynamic settlement, ground subsidence, and/or 

lateral spreading) are not design considerations for the project.

10. POTENTIAL GEOTECHNICAL CONCERNS

Based on our understanding of the project and the results of our subsurface exploration and 

laboratory testing, the following sections provide additional discussion regarding the potential 

for hydrocollapse of natural soils at the project, expansion of site soils, and soil corrosivity.

10.1. Hydrocollapse of Site Soils

Hydrocollapse of soils can occur in naturally deposited granular soils with relatively low dry 

density and moisture contents. Hydrocollapse can occur when such soils are subjected to 

new loads, such as fills and/or foundations, followed by the introduction of water or other 

fluids into the soil. Hydrocollapse results in a tighter packing of the granular soils, which 

can result in relatively rapid ground settlement.

The potential for settlement of the site soils due to hydro-collapse was evaluated based on 

the results of our consolidation tests performed on representative soil samples collected 

during our subsurface exploration. The consolidation test results are presented in Appendix 

B. The test results indicate that hydro-collapse potential of site soils may range from 

approximately 0.1 to 6.0 percent. According to Day (2012), these values indicate a slight to 
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moderate degree of collapse potential. In our opinion, the hydro-collapse potential recorded 

in the consolidation testing apparatus largely reflects the presence of gravels and disturbance 

caused to the samples during transportation and handling. The hydro-collapse tendencies of 

near-surface site soils will be mitigated by the earthwork recommendations presented in 

Section 12.1.4 of this report. Hydro-collapse of soils beyond a depth of 20 feet below 

ground surface is not likely unless significant and sustained rise in regional groundwater 

takes place in the project area or the site is subjected to major long-term inundation, none of 

which is expected to occur. Design and proper maintenance of drainage devices (both 

surface and buried) are crucial in not allowing water to infiltrate into the foundation 

subgrade of structural improvements and cause hydro-collapse related settlement. Drainage 

recommendations are provided in Section 12.8 of this report.

10.2. Expansive Soil

Expansive soil consists of soil that is subject to expansion and contraction due to variations 

in moisture content. The introduction of water into expansive soils could lead to movement 

and distress to at-grade improvements such as hardscape, retaining walls, shallow 

foundations, etc. However, based on our subsurface exploration, the site soils are generally 

granular and considered to have a low potential for expansion.  Laboratory testing 

performed on representative near-surface soil samples indicated that the tested materials had 

an expansion index of 0 (i.e., very low). Accordingly, expansive soils are not considered to 

be a design issue.

10.3. Soil Corrosivity

Corrosive soils as defined by Caltrans (2012a) can have a negative impact on ferrous 

materials if appropriate engineering practices are not implemented for the project. In 

addition, high sulfate contents in soil could also have a negative impact to site concrete if 

appropriate design and engineering practices, such as cement type, water to cement ratio, 

etc., are not used for the project. Further discussion regarding the corrosion potential of the 

near-surface on-site soils (i.e., pH, electrical resistivity, chloride content, and sulfate 
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content), along with associated geotechnical recommendations are provided in Sections 12.6 

and 12.7 of this report.

11. CONCLUSIONS

Based on our review of geotechnical literature and the results of our subsurface evaluation, it is 

our opinion that the proposed project is feasible from a geotechnical perspective, provided our 

recommendations are incorporated into the design and construction of the planned project. In 

general, the following conclusions were made:

The site is generally underlain by granular alluvial deposits consisting of dry to moist, loose 
to very dense, silty sand, sand, clayey sand, and sandy silt with varying amounts of gravel.  
The deposits were observed to have varying degrees of cementation due to secondary 
deposition of carbonate cements (i.e., caliche). Weathered granitic bedrock was encountered 
beneath the alluvium in borings B-17 and B-18 at depths of approximately 49 and 33 feet, 
respectively. 

Excavations into the underlying alluvial deposits should be feasible with grading equipment 
in good working order. We anticipate that excavated soils should be generally suitable for 
use as compacted fill provided they are free of trash, debris, roots, vegetation, deleterious 
materials and cobbles or hard lumps of material in excess of 3 inches in diameter. 
Laboratory test results indicate that on-site soils are relatively dry and will involve 
processing (i.e., moisture-conditioning) to approach the optimum moisture content for 
compaction.

The site materials should be considered as Type C soils in accordance with Occupational 
Safety and Health Administration (OSHA) soil classifications.

Groundwater was not encountered in our exploratory borings or test pits at the time of 
drilling. Existing California State groundwater monitoring wells located approximately ¼ to 
¾ mile from the site indicate that the groundwater depth in the area ranges from 
approximately 79 to 143 feet in depth. The actual depth to groundwater at the site and at the 
time of construction is considered to be variable due to seasonal precipitation, subsurface 
conditions, irrigation, groundwater pumping, and other factors.

The MCER PGA is estimated to be 0.57g at the site.

The subject site is not located within a State of California EFZ (formerly Alquist-Priolo 
Special Studies Zone). The probability of surface fault rupture at the site is considered to be 
low.

Based on our evaluation, liquefaction and liquefaction-related hazards are not design 
considerations for the project.
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Based on our laboratory tests, the expansion index of the on-site materials is approximately 
0 (very low).

Based on our laboratory tests, the soils have a slight to moderate degree of collapse potential 
(Day, 2012).

Based on our laboratory tests, the corrosivity of the near-surface site soils is variable and 
consists of areas that can be classified as corrosive and areas that can be classified as 
non-corrosive based on California Department of Transportation (Caltrans, 2012a) corrosion 
guidelines. 

12. RECOMMENDATIONS

The recommendations presented in the following sections provide general geotechnical criteria 

regarding the design and construction of the proposed project. These recommendations are based 

on our evaluation of the site geotechnical conditions and our understanding of the planned 

improvements. 

12.1. Earthwork

We anticipate that the site earthwork will generally include minor cuts and fills in order to 

create areas suitable to support construction equipment and maintenance vehicles, and 

drilling for transmission tower foundations. We anticipate that the majority of the site 

grading will be performed during access road earthwork. General earthwork 

recommendations are provided below. Detailed recommendations are provided in a separate 

report prepared for the access road construction.

12.1.1. Construction Plan Review and Pre-Construction Conference

We recommend that the final grading and foundation plans be submitted to the project 

geotechnical engineer for their review to evaluate conformance to the geotechnical 

recommendations provided in this report. We further recommend that a pre-construction 

conference be held in order to discuss the grading recommendations presented in this 

report. The owner and/or their representative, the governing agencies’ representatives, 

the civil engineer, project geotechnical engineer, and the contractor should be in 

attendance to discuss the work plan, project schedule, and earthwork requirements.
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12.1.2. Site Preparation

Prior to earthwork, the work areas should be cleared of existing surface obstructions, 

vegetation, and loose or otherwise unsuitable soils. Existing utilities to remain in place 

should be located and protected from damage by construction activities. Obstructions 

that extend below the finished grade, including foundations and underground utilities, if 

present, should be removed and the resulting holes/excavations backfilled with 

compacted fill per our recommendations provided below. The need for, and limits of, 

excavation should be evaluated in the field by the project geotechnical engineer. 

Materials generated from the demolition and clearing operations should be removed 

from the project site and disposed of at a SCE-approved disposal facility.

12.1.3. Excavation Characteristics

Based on our subsurface exploration and experience, we anticipate that excavations and 

within alluvial soils and granitic bedrock at the site may be accomplished with grading 

equipment in good condition. Based on the results of our subsurface exploration, we 

anticipate that the materials encountered at the project site, will generally consist of 

alluvium consisting of dry to moist, loose to very dense, silty sand, sand, clayey sand, 

and sandy silt with variable amounts of gravel and cementation due to carbonate 

precipitation. Bedrock consisting of relatively hard granitic material is anticipated to be 

encountered if earthwork is performed on or near the existing hill located south of the 

substation. The contractor should anticipate difficult excavation where granitic rock is 

encountered that may require the use of specialty excavation equipment, such as rock 

chippers, jack hammers, or other. In the event that oversize material, including cobbles, 

is encountered during excavation operations, the oversized material is not suitable for 

backfill and should be disposed of off-site. Contractors should make their own 

independent evaluation of the excavatability of the on-site materials prior to submitting 

their bids.
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12.1.4. Treatment of Near-Surface Soils

In order to provide suitable support for the substation pad, we recommend 

overexcavating and recompacting the pad footprint to a depth of approximately 2 feet 

below the existing grade or to a depth that provides 2 or more feet of compacted fill 

beneath the finished pad grade, whichever is deeper. The excavation should extend a 

distance of approximately 2 feet beyond the outside edge of the pad or a distance equal 

to the depth of overexcavation, whichever is farther. The overexcavation bottoms should 

expose relatively dense alluvial deposits and should be evaluated by the project 

geotechnical consultant during the excavation work. Additional overexcavation of 

loose, soft, and/or wet areas may be appropriate, depending on the consultant’s 

observations during construction. Prior to placing new compacted fill, the upper 

approximately 8 inches of the exposed bottoms should be scarified, 

moisture-conditioned, and recompacted to a relative compaction of 90 percent as 

evaluated by ASTM D 1557. Fill placed to backfill the pad excavation should also be 

recompacted to a relative compaction of 90 percent as evaluated by ASTM D 1557.  

The following recommendations should also apply for the project:

12.1.4.1. New Structures/Buildings and Paved Access Road
In order to provide suitable support and reduce the potential settlements of 

proposed structures (i.e., new electrical equipment, buildings, perimeter block 

walls, retaining walls, etc.) supported by shallow spread foundations and the paved 

access road, we recommend that the existing ground surface be overexcavated and 

replaced with compacted fill to a depth of 3 feet or to a depth that provides 2 or 

more feet of compacted fill beneath the bottoms of the proposed foundations, 

whichever is deeper. The overexcavations should remove existing loose materials 

and should expose relatively dense alluvial deposits. The excavations should extend 

a distance of 5 feet laterally beyond the outside edge of the structure/building 

foundations, or to a distance equal to the depth of the excavation, whichever is 

farther. The lateral limits can be reduced to a distance of approximately 2 feet or the 

depth of excavation for the roadway.  The excavation bottoms should be evaluated 
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by the project geotechnical consultant during the excavation work. Additional 

overexcavation of loose, soft, and/or wet areas may be appropriate, depending on 

the geotechnical consultant’s observations during construction. Prior to placing new 

compacted fill, the upper approximately 8 inches of the exposed excavation 

bottoms should be scarified, moisture-conditioned, and recompacted to a relative 

compaction of 90 percent or more as evaluated by ASTM D 1557. Soils placed to 

backfill the excavations for the structures and beneath the paved roadway should be 

compacted to a relative compaction of 95 percent or more as evaluated by 

ASTM D 1557.

As an alternative to additional excavation beneath the proposed structures/buildings 

following preparation of the substation pad, the upper 4 feet of the entire pad can be 

overexcavated and replaced with fill compacted to a relative compaction of 

95 percent as evaluated by ASTM D 1557.

12.1.4.2. Dirt Access Roads
In order to provide suitable support for proposed maintenance pads and access 

roads associated with new tower construction, we recommend that the upper 

approximately 12 inches of subgrade beneath the maintenance pads and roads be 

scarified, moisture-conditioned, and recompacted.  In areas where the grade will be 

raised with new compacted fill, the existing ground surface should be scarified, 

moisture-conditioned, and recompacted prior to the placement of new fill. The 

limits of the scarification should extend laterally 2 feet beyond the outside edge of 

the roadways and maintenance pads. The exposed subgrade should be evaluated by 

the geotechnical consultant during the excavation work. Areas of loose, soft, and/or 

wet materials may need to be overexcavated, depending on the geotechnical 

consultant’s observations during construction.

12.1.5. Fill Material

In general, the on-site soils should be suitable for use as general and structural fills and 

trench backfill provided they are free of trash, debris, roots, vegetation, other 
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deleterious materials, and contamination. Fill should generally be free of rocks or lumps 

of material in excess of 3 inches in diameter and should have an organic content of 

3 percent or less. Rocks or hard lumps larger than approximately 3 inches in diameter 

should be broken into smaller pieces or should be removed from the site. Materials with 

organic content of more than 3 percent should be removed from the site. The fill/cut 

materials should be tested to check compliance with the expansion index (EI) and 

organic content requirements. If the soils do not meet these requirements, the materials 

should be removed and replaced with fill consisting of selected site soils and/or 

imported materials that meet these requirements. 

Import material, if used, should consist of clean, non-expansive, granular material 

which conforms with the latest edition of “Greenbook” Standard Specifications for 

Public Works Construction for structure backfill. “Non-expansive” can be defined as 

soil having an EI of 20 or less in accordance with ASTM D 4829 (CBC, 2016). Soil 

should also be tested for corrosive properties prior to importing. We recommend that 

the imported materials satisfy the Caltrans (2012a) criteria for non-corrosive soils 

(i.e., soils having a chloride concentration of 500 parts per million (ppm) or less, a 

soluble sulfate content of approximately 0.20 percent [2,000 ppm] or less, a pH value 

of 5.5 or higher and a resistivity of 1,000 ohm-centimeters [ohm-cm] or higher). 

Materials for use as fill should be evaluated by the project geotechnical engineer prior 

to importing. The contractor should be responsible for the uniformity of import material 

brought to the site.

12.1.6. Fill Placement and Compaction

In general, fill soils associated with the substation pad should be placed and compacted 

in horizontal lifts to a relative compaction of 90 percent as evaluated by ASTM D 1557. 

Fill soils that will be placed under various structures to provide bearing support should 

be compacted in horizontal lifts to a relative compaction of 95 percent as evaluated by 

ASTM D 1557. The lift thickness for fill soils will vary depending on the type of 

compaction equipment used but should generally be placed in horizontal lifts not 
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exceeding 8 inches in loose thickness. Fill soils should be placed at generally slightly 

above the optimum moisture content as evaluated by ASTM D 1557. Scarified bottoms 

should also be compacted to a relative compaction of 90 percent as evaluated by 

ASTM D 1557. Special care should be taken to avoid damage to utility lines when 

compacting fill and subgrade materials. Based on our subsurface evaluation and review 

of the laboratory test results, a shrinkage factor of 10 to 20 percent can be used for 

making estimates for earthwork volume.

12.1.7. Temporary Excavations

We recommend that trenches and excavations be designed and constructed in 

accordance with OSHA regulations. These regulations provide trench sloping and 

shoring design parameters for trenches up to 20 feet deep based on the soil types 

encountered. Trenches over 20 feet deep should be designed by the contractor’s 

engineer based on site-specific geotechnical analyses. For planning purposes, we 

recommend that site fill and alluvial deposits be considered as OSHA soil Type C. 

Temporary excavations should be constructed in accordance with OSHA 

recommendations. For trench or other excavations, OSHA requirements regarding 

personnel safety should be met by using appropriate shoring (including trench boxes) or 

by laying back the slopes no steeper than 1½:1 in site soils. Temporary excavations that 

encounter seepage may need shoring or may be mitigated by placing sandbags or gravel 

along the base of the seepage zone. Excavations encountering seepage should be 

evaluated on a case-by-case basis. On-site safety of personnel is the responsibility of the 

contractor. Recommendations for temporary shoring can be provided, if requested.

Trenching is anticipated during the placement of underground utilities. Spoils should 

not be placed near the edge of the open cut excavation. For open cut excavations, the 

spoil pile should be placed at a distance more than the depth of excavation from the top 

of the excavation. OSHA and other applicable agency requirements pertaining to 

worker safety should be met during the excavation activities.
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12.1.8. Shoring

Where temporary slopes are not possible, shoring will be appropriate. For preliminary 

planning purposes, we anticipate that sheet pile and/or timber-braced steel or plywood 

sheeting, aluminum speed shoring with sheeting, and/or trench shields may be 

appropriate; however, the type of shoring system used for the project should be 

evaluated by the contractor. Reduced production rates and/or modified shoring systems 

may be appropriate where caving is severe, groundwater is encountered, and/or adjacent 

utilities are at risk. Shoring installed simultaneously with the excavation may be 

appropriate if caving is severe or damage to existing improvements is likely. The 

shoring system should be designed using the lateral earth pressure values presented on 

Figures 6 and 7 for braced and cantilevered shoring, respectively. The actual lateral 

earth pressures used may need to be adjusted based on the actual materials encountered 

during construction at proposed shoring locations. Parameters for surcharge loads, such 

as soil stockpiles and construction materials, within a 1:1 (horizontal to vertical) plane 

extending up and back from the base of the shoring system are not included on figures. 

For a shoring system subjected to the above-mentioned surcharge loads, the contractor 

should include the effect of these loads on the lateral earth pressures acting on the 

shored walls.

Settlement of the ground surface may occur behind the shoring walls during excavation. 

The amount of settlement depends on the type of shoring system, the contractor’s 

workmanship, and soil conditions. If sheet pile driving is implemented, we anticipate 

that this may cause settlement and possible impact to structures within distances of up 

to approximately 50 feet from the sheet pile operation. We recommend that 

structures/improvements in the vicinity of the planned shoring installation be reviewed 

with regard to foundation support and tolerance to settlement. To reduce the potential 

for distress to adjacent structures and existing pipelines, we recommend that the shoring 

system be designed to limit the ground settlement behind the shoring system to ½ inch 

or less. Possible causes of settlement that should be addressed include settlement during 

installation of the shoring, construction vibrations, dewatering, and removal of the 
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shoring support system. Vibrations from the driving of sheet piles and/or soldier piles 

may result in some dynamic settlement and may affect adjacent structures and/or 

existing pipelines. We recommend that shoring installation be evaluated carefully by the 

contractor prior to construction and that ground vibration and settlement monitoring be 

performed during construction. To reduce the potential for settlement associated with 

shoring removal, the benefit of leaving the shoring buried in-place may be considered.

The contractor should retain a qualified and experienced engineer to design the shoring 

system. The shoring parameters presented in this report are minimum requirements, and 

the contractor should evaluate the adequacy of these parameters and make the required 

modifications for their design. We recommend that the contractor take appropriate 

measures to protect workers. OSHA requirements pertaining to worker safety should be 

observed.

The contractor should retain a licensed, qualified and experienced engineer to design 

the shoring system. The shoring parameters presented in this report are minimum 

requirements, and the contractor should evaluate the adequacy of these parameters and 

make the required modifications for their design. We recommend that the contractor 

take appropriate measures to protect workers. OSHA requirements pertaining to worker 

safety should be observed

12.1.9. Construction Dewatering

As discussed, groundwater and/or seepage were not encountered in our borings, and the 

anticipated depth of groundwater at the site is on the order of 79 feet or more. 

Accordingly, we do not anticipate that need for dewatering during construction at the 

site. However, dewatering could be necessary in the event that perched groundwater is 

encountered or where excavations are performed adjacent to the existing drainage 

channels if the construction occurs when or shortly after surface water flows in the 

channels. Disposal of groundwater should be performed in accordance with guidelines 

of the Regional Water Quality Control Board. Additional geotechnical 
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recommendations for construction dewatering can be provided in the event that 

subsurface water is encountered during construction.

12.2. Seismic Design Considerations

Design of the proposed structures should comply with design for structures located in 

seismically active areas and should be designed in accordance with the requirements of 

governing jurisdictions and applicable building codes. Table 3 presents the seismic design 

parameters for the site in accordance with the CBC and ASCE 7-10 guidelines and mapped 

spectral acceleration parameters (USGS, 2017).

Table 3 – 2016 California Building Code Seismic Design Criteria

Site Coefficients and Spectral Response Acceleration Parameters Values
Site Class C
Site Coefficient, Fa 1.0
Site Coefficient, Fv 1.5
Mapped Spectral Response Acceleration at 0.2-second Period, Ss 1.420 g
Mapped Spectral Response Acceleration at 1.0-second Period, S1 0.526 g
Spectral Response Acceleration at 0.2-second Period Adjusted for Site Class, SMS 1.420 g
Spectral Response Acceleration at 1.0-second Period Adjusted for Site Class, SM1 0.684 g
Design Spectral Response Acceleration at 0.2-second Period, SDS 0.947 g
Design Spectral Response Acceleration at 1.0-second Period, SD1 0.456 g

12.3. Foundations

The proposed substation structures, buildings, and perimeter block walls may be supported 

on shallow spread footings bearing on engineered fill compacted in accordance with the 

recommendations presented in Section 12.1 of this report. Foundations should be designed 

in accordance with structural considerations, the requirements of the appropriate governing 

jurisdictions, and applicable building codes. 

12.3.1. Spread Footings

Conventional spread footings should extend 2 feet deep or more below the lowest 

adjacent finished grade and bear on compacted fill. Continuous footings should have a 

width of 2 feet or more. Isolated pad footings should have a width of 2 feet or more and 
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be founded at a depth of 2 feet below the lowest adjacent finished grade. Continuous 

footings should be reinforced with four No. 4 steel reinforcing bars, two placed near the 

top and two placed near the bottom of the footings, and further detailed in accordance 

with the recommendations of the structural engineer.

Spread footings, as described above and bearing on compacted fill, may be designed 

using a net allowable bearing capacity of 2,500 pounds per square foot (psf). The net 

allowable bearing capacity may be increased by 350 psf for every additional foot of 

width and depth, respectively, up to a value of 4,000 psf. Total and differential 

settlements for footings designed in accordance with the above recommendations are 

estimated to be on the order of 1 inch and ½ inch over a horizontal span of 40 feet, 

respectively.

Footings bearing in compacted fill may be designed using a coefficient of friction of 

0.40, where the total frictional resistance equals the coefficient of friction times the dead 

load. The footings may be designed using a passive resistance value of 390 psf per foot 

of depth up to a value of 3,900 psf. The allowable lateral resistance can be taken as the 

sum of the frictional resistance and passive resistance, provided the passive resistance 

does not exceed one-half of the total allowable resistance. The net allowable bearing 

capacity and passive resistance may be increased by one-third when considering loads 

of short duration such as wind or seismic forces.

Trenches should not be excavated adjacent to spread footings. If trenches are to be 

excavated near a continuous footing, the bottom of the trench should be located above a 

1:1 (horizontal to vertical) plane projected downward from the bottom of the footing. In 

case of utility lines crossing beneath footings, the utility lines should be encased in 

concrete below the footings.

12.3.2. Slabs-on-Grade

Building floor slabs should be designed by the project structural engineer based on the 

anticipated loading conditions. Building floor slabs should be underlain by compacted 
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soil prepared with the recommendations presented in our geotechnical evaluation report. 

The slab should be underlain by a polyethylene vapor retarder, 10 mil or thicker, in 

areas where moisture-sensitive floor coverings are anticipated. The vapor retarder 

should further be underlain by a 4-inch-thick layer of sand or gravel with a particle size 

of approximately 3/8 inch or smaller. Soils underlying the slabs should be moisture-

conditioned and compacted in accordance with the recommendations presented in 

Section 12.1 of this report prior to concrete placement. Joints should be constructed at 

intervals designed by the structural engineer to help reduce random cracking of the slab.

12.4. Retaining Walls

Retaining walls, if applicable, may be supported by foundations designed in accordance with 

the recommendations presented in Section 12.3 of this report supported by compacted fill as 

discussed in Section 12.1. Lateral earth pressures recommended for the design of yielding 

retaining walls are provided on Figure 8. Passive pressures may be increased by one-third 

when considering loads of short duration, including wind and seismic loads. Further, for 

sliding resistance, a friction coefficient of 0.40 may be used for the concrete and soil 

interface. The allowable resistance may be taken as the sum of the frictional and passive 

resistance, provided that the passive portion does not exceed one-half of the total allowable 

resistance.

Retaining walls should be backfilled with free-draining, granular, imported soil with non-

expansive material (EI of 20 or less). Measures should be taken to reduce the potential for 

build-up of moisture behind the retaining walls. Drainage design should include 

free-draining backfill materials and subsurface drainage provisions as shown on Figure 9.

12.5. Preliminary Pavement Design

We understand that the proposed project will include new flexible pavement (AC) for the 

proposed access road. We anticipate that AC will be used for general traffic areas including 

parking areas and driveways that are subjected to relatively light traffic consisting of light 

passenger vehicles and periodic heavy equipment/truck traffic. 
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For preliminary design of pavements, we have used traffic indices (TI) of 5.0 for pavement 

areas within the substation and 7.0 for the paved access road outside of the substation. The 

results of laboratory R-value tests performed on site soils ranged from 52 to 78. Based on 

these traffic indices, a design R-value of 52, and guidelines of the Caltrans Highway Design 

Manual (Caltrans, 2012b), we have developed the following preliminary pavement sections 

for the project. We recommend that these pavement sections be re-evaluated once the as-

graded near-surface earth materials are further tested.

Table 4 – Preliminary Pavement Structural Sections

Traffic 
Index

Recommended Pavement Sections
Flexible Pavement Section Rigid Pavement Section

AC/AB
(inches)

Full-Depth AC
(inches)

PCC
(inches)

5.0 3.0/4.5 4.5 5.0
7.0 4.5/4.5 6.5 7.0

Notes:
AC – Asphalt concrete
AB – Aggregate base
PCC – Portland Cement Concrete

Subgrade soils in areas to be paved should be prepared as recommended in Section 12.1.4 of 

this report and should be compacted to a relative compaction of 95 percent as evaluated by 

ASTM D 1557. To aid in drainage, Portland Cement Concrete pavements can be placed over 

4 inches of compacted AB. AB material should conform to the specifications in 

Section 200-2.0 for crushed AB of the Greenbook and should be compacted to a relative 

compaction of 95 percent as evaluated by ASTM D 1557. AC should conform to 

Section 203-6 of the Greenbook and should be compacted to a relative compaction of 

95 percent as evaluated by ASTM D 1557.

Final pavement sections should be based on actual anticipated traffic loading conditions and 

evaluation of the subgrade materials at the time of construction. We recommend that the 

paving operations be observed and tested by the project geotechnical engineer. We further 
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recommend that mix designs be made for the AC by an engineering company specialized in 

this type of work.

12.6. Corrosivity

Laboratory testing was performed on representative soil samples to evaluate pH, electrical 

resistive, water-soluble chloride content, and water-soluble sulfate content. The soil pH and 

electrical resistivity tests were performed in general accordance with CT Method 643. 

Chloride content tests were performed in general accordance with CT 422. Sulfate testing 

was performed in general accordance with CT 417. The laboratory test results are presented 

in Appendix B. A summary of the test results are provided in the following Table 5.

Table 5 – Summary of Corrosivity Test Results

Boring
Sample 
Depth 
(feet)

Soil Type 
(USCS) pH

Minimum 
Resistivity 
(ohm-cm)

Sulfate 
Content 
(ppm)

Chloride 
Content 
(ppm)

Caltrans (2012a) Site 
Classification

Cement Type 
per ACI 
(2016)

B-1 0.0-5.0 SM 7.1 7,165 10 25 Non-Corrosive II
B-2 0.0-5.0 SM 7.7 4,100 20 65 Non-Corrosive II

B-3 0.0-5.0 SM 7.7 2,745 10 100 Non-Corrosive II
10.0-15.0 SM 8.2 1,190 110 245 Non-Corrosive II

B-8 0.0-5.0 SM 7.5 3,725 30 80 Non-Corrosive II
15.0-16.5 SM 8.0 1,140 40 190 Non-Corrosive II

B-10 0.0-5.0 SM 7.8 3,355 130 30 Non-Corrosive II
7.0-8.5 SM 7.7 1,280 130 185 Non-Corrosive II

B-11 0.0-5.0 SM 7.7 7,395 10 50 Non-Corrosive II
15.0-16.5 SM 7.9 2,335 50 145 Non-Corrosive II

B-13 0.0-5.0 SM 7.4 7,790 10 40 Non-Corrosive II

B-14 0.0-5.0 SM 7.6 7,160 10 60 Non-Corrosive II
15.0-16.5 SM 8.0 1,630 10 175 Non-Corrosive II

B-15 0.0-5.0 SM 7.2 8,570 10 50 Non-Corrosive II

B-17 0.0-5.0 SM 7.7 390 150 1,365 Corrosive II
15.0-16.5 SM 7.5 225 70 2,310 Corrosive II

B-18 0.0-5.0 SM 8.0 3,271 30 115 Non-Corrosive II
30.0-31.5 SM 7.8 3,488 10 40 Non-Corrosive II

B-19 0.0-5.0 SM 7.2 5,842 10 35 Non-Corrosive II
15.0-16.5 SM 7.9 612 130 715 Corrosive II

B-20 0.0-5.0 SM 7.4 4,573 10 40 Non-Corrosive II
7.0-8.5 SM 7.8 558 90 980 Corrosive II

B-21 0.0-5.0 SM 7.8 1,789 20 220 Non-Corrosive II
15.0-16.5 SM 8.3 1,279 30 230 Non-Corrosive II

The soil pH and electrical resistivity values ranged from approximately 7.1 to 8.3 and 225 to 

8,570 ohm-cm, respectively. The chloride content of the samples was measured to range 
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from 25 to 2,310 ppm. The sulfate content of the tested samples ranged from approximately 

0.001 to 0.015 percent by weight (i.e., 10 to 150 ppm). Based on the Caltrans (2012a) 

corrosion criteria, a site can be classified as corrosive when earth materials have more than 

500 ppm chlorides, more than 0.20 percent sulfates (i.e., 2,000 ppm), a pH of 5.5 or less, or 

an electrical resistivity of 1,000 ohm-cm or less. Accordingly, the areas of borings B-17, 

B-19, and B-20 should be considered as corrosive. If corrosion susceptible improvements 

are planned where corrosive soils are present, we recommend that a corrosion engineer be 

consulted for further evaluation and recommendations. 

12.7. Concrete Placement

Concrete in contact with soil or water that contains high concentrations of water-soluble 

sulfates can be subject to premature chemical and/or physical deterioration. The samples 

tested during this evaluation indicated a water-soluble sulfate content of approximately 

0.001 to 0.015 percent by weight (i.e., 10 to 150 ppm). Based on the American Concrete 

Institute (ACI) 318-14 building code, the potential for sulfate attack is considered negligible 

for water-soluble sulfate contents in soils of less than 0.1 percent by weight (1,000 ppm), 

moderate for water-soluble sulfate contents in soils between 0.1 and 0.2 percent by weight 

(1,000 to 2,000 ppm), and severe for water-soluble sulfate contents in soils between 0.2 and 

2 percent by weight (2,000 to 20,000 ppm). Accordingly, the on-site soils are considered to 

have a negligible potential for sulfate attack. Per the ACI criteria (ACI 318-14), Type II

cement is considered to be appropriate for the project. 

In order to reduce the potential for shrinkage cracks in the concrete during curing, we 

recommend that the concrete for the proposed structures be placed with a slump of 4 inches 

based on ASTM C 143. The slump should be checked periodically at the site prior to 

concrete placement. We also recommend that crack joints be provided in slabs in accordance 

with the recommendations of the structural engineer to reduce the potential for distress due 

to minor soil movement and concrete shrinkage. We further recommend that concrete cover 

over reinforcing steel for slabs-on-grade and foundations be provided in accordance with 
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Section 1907.7 of CBC (2016). The structural engineer should be consulted for additional 

concrete specifications.

12.8. Drainage

Adequate surface drainage is imperative for satisfactory site performance. Positive drainage 

should be provided and maintained to channel surface water away from structure 

foundations and tower footprint areas, and off-site. Positive drainage is defined as a slope of 

2 percent or more for a distance of 5 feet or more away from foundations and footprint 

areas. Runoff should then be transported by the use of swales or pipes into a collective 

drainage system. Surface waters should not be allowed to pond adjacent to footings or on 

adjacent access roads.

13. CONSTRUCTION OBSERVATION

The recommendations provided in this report are based on our understanding of the proposed 

project and on our evaluation of the data collected based on subsurface conditions disclosed by 

widely spaced exploratory borings. It is imperative that the interpolated subsurface conditions be 

checked by our representative during construction. Observation and testing of compacted fill and 

backfill should be performed by our representative during construction. In addition, we should 

review the project plans and specifications prior to construction. It should be noted that, upon 

review of these documents, some recommendations presented in this report might be revised or 

modified.

During construction we recommend that services to be provided by the project geotechnical 

engineer to include, but not be limited to, the following:

Observing clearing, grubbing, and removals.

Observing excavation, placement, and compaction of fill.

Evaluating imported materials prior to their use as fill.

Performing field tests to evaluate fill compaction.
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Observing foundation excavations for bearing materials and cleaning prior to placement of 
reinforcing steel or concrete.

14. LIMITATIONS

The field evaluation, laboratory testing, and geotechnical analyses presented in this geotechnical 

report have been conducted in general accordance with current practice and the standard of care 

exercised by geotechnical consultants performing similar tasks in the project area. No warranty, 

expressed or implied, is made regarding the conclusions, recommendations, and opinions 

presented in this report. There is no evaluation detailed enough to reveal every subsurface 

condition. Variations may exist and conditions not observed or described in this report may be 

encountered during construction. Uncertainties relative to subsurface conditions can be reduced 

through additional subsurface exploration. Additional subsurface evaluation will be performed 

upon request. Please also note that our evaluation was limited to assessment of the geotechnical 

aspects of the project, and did not include evaluation of structural issues, environmental 

concerns, or the presence of hazardous materials.

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader requires additional information or has questions regarding the 

content, interpretations presented, or completeness of this document.

This report is intended for design purposes only and may not provide sufficient data to prepare 

an accurate bid by some contractors. It is suggested that the bidders and their geotechnical 

consultant perform an independent evaluation of the subsurface conditions in the project areas. 

The independent evaluations may include, but not be limited to, review of other geotechnical 

reports prepared for the adjacent areas, site reconnaissance, and additional exploration and 

laboratory testing.

Our conclusions, recommendations, and opinions are based on an analysis of the observed site 

conditions. If geotechnical conditions different from those described in this report are 

encountered, our office should be notified, and additional recommendations, if warranted, will be 

provided upon request. It should be understood that the conditions of a site can change with time 
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as a result of natural processes or the activities of man at the subject site or nearby sites. In 

addition, changes to the applicable laws, regulations, codes, and standards of practice may occur 

due to government action or the broadening of knowledge. The findings of this report may, 

therefore, be invalidated over time, in part or in whole, by changes over which Ninyo & Moore 

has no control.

This report is intended exclusively for use by the client. Any use or reuse of the findings, 

conclusions, and/or recommendations of this report by parties other than the client is undertaken 

at said parties’ sole risk.
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APPENDIX A

BORING AND TEST PIT LOGS

Field Procedure for the Collection of Disturbed Samples
Disturbed soil samples were obtained in the field using the following methods.

Bulk Samples
Bulk samples of representative earth materials were obtained from the exploratory 
excavations. The samples were bagged and transported to the laboratory for testing.

The Standard Penetration Test (SPT) Sampler
Disturbed drive samples of earth materials were obtained by means of a Standard 
Penetration Test sampler. The sampler is composed of a split barrel with an external 
diameter of 2 inches and an unlined internal diameter of 1-3/8 inches. The sampler was 
driven into the ground 12 to 18 inches with a 140-pound hammer falling freely from a height 
of 30 inches in general accordance with ASTM D 1586. The blow counts were recorded for 
every 6 inches of penetration; the blow counts reported on the logs are those for the last 
12 inches of penetration. Soil samples were observed and removed from the sampler, 
bagged, sealed and transported to the laboratory for testing.

Field Procedure for the Collection of Relatively Undisturbed Samples
Relatively undisturbed soil samples were obtained in the field using the following methods.

The Modified Split-Barrel Drive Sampler
The sampler, with an external diameter of 3.0 inches, was lined with 1-inch long, thin brass 
rings with inside diameters of approximately 2.4 inches. The sample barrel was driven into 
the ground with a 140-pound hammer falling freely in general accordance with ASTM 
D 3550. The approximate length of the fall, the weight of the hammer, and the number of 
blows per foot of driving are presented on the boring logs as an index to the relative 
resistance of the materials sampled. The samples were removed from the sample barrel in 
the brass rings, sealed, and transported to the laboratory for testing.



SOIL CLASSIFICATION CHART PER ASTM D 2488

PRIMARY DIVISIONS
SECONDARY DIVISIONS

GROUP SYMBOL GROUP NAME 

COARSE- 
GRAINED 

SOILS  
more than 

50% retained 
on No. 200 

sieve

GRAVEL  
more than 

50% of 
coarse 
fraction 

retained on 
No. 4 sieve

CLEAN GRAVEL
ess than 5% nes

GW well-graded GRAVEL

GP poorly graded GRAVEL

GRAVEL with 
DUAL  

CLASSIFICATIONS  
5% to 2% nes

GW-GM well-graded GRAVEL with silt

GP-GM poorly graded GRAVEL with silt

GW-GC well-graded GRAVEL with clay

GP-GC poorly graded GRAVEL with clay

GRAVEL with 
FINES  

more than  
2% nes

GM silty GRAVEL

GC clayey GRAVEL

GC-GM silty, clayey GRAVEL

SAND  
50% or more 

of coarse 
fraction  
passes  

No. 4 sieve

CLEAN SAND  
less than 5% nes

SW well-graded SAND

SP poorly graded SAND

SAND with  
DUAL 

CLASSIFICATIONS  
5% to 2% nes

SW-SM well-graded SAND with silt

SP-SM poorly graded SAND with silt

SW-SC well-graded SAND with clay

SP-SC poorly graded SAND with clay

SAND with FINES  
more than  

2% nes

SM silty SAND

SC clayey SAND

SC-SM silty, clayey SAND

FINE- 
GRAINED 

SOILS   
50% or  

more passes  
No. 200 sieve

SILT and 
CLAY 

liquid limit  
less than 50%

INORGANIC

CL lean CLAY

ML SILT

CL-ML silty CLAY

ORGANIC
OL (PI > 4) organic CLAY

OL (PI < 4) organic SILT

SILT and 
CLAY 

liquid limit  
50% or more

INORGANIC
CH fat CLAY

MH elastic SILT

ORGANIC

OH (plots on or  
above “A”-line) organic CLAY

OH (plots below 
“A”-line) organic SILT

Highly Organic Soils PT Peat

USCS METHOD OF SOIL CLASSIFICATION
Explanation of USCS Method of Soil Classification

PROJECT NO. DATE FIGURE

APPARENT DENSITY - COARSE-GRAINED SOIL

APPARENT 
DENSITY

SPOOLING CABLE OR CATHEAD AUTOMATIC TRIP HAMMER

SPT 
(blows/foot)

MODIFIED  
SPLIT BARREL 

(blows/foot)
SPT 

(blows/foot)
MODIFIED  

SPLIT BARREL 
(blows/foot)

Very Loose < 4 < 8 < 3 <  5

Loose 5 - 10 9 - 21 4 - 7 6 - 14

Medium  
Dense 11 - 30 22 - 63 8 - 20 15 - 42

Dense 31 - 50 64 - 105 21 - 33 43 - 70

Very Dense > 50 > 105 > 33 > 70

CONSISTENCY - FINE-GRAINED SOIL

CONSIS-
TENCY

SPOOLING CABLE OR CATHEAD AUTOMATIC TRIP HAMMER

SPT 
(blows/foot)

MODIFIED  
SPLIT BARREL 

(blows/foot)
SPT 

(blows/foot)
MODIFIED  

SPLIT BARREL 
(blows/foot)

Very Soft < 2 < 3 < 1  < 2

Soft 2 - 4 3 - 5 1 - 3 2 - 3

Firm 5 - 8 6 - 10 4 - 5 4 - 6

Stiff 9 - 15 11 - 20 6 - 10 7 - 13

Very Stiff 16 - 30 21 - 39 11 - 20 14 - 26

Hard > 30 > 39 > 20 > 26
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PLASTICITY CHART

GRAIN SIZE

DESCRIPTION SIEVE  
SIZE

GRAIN 
SIZE

APPROXIMATE 
SIZE

Boulders > 12” > 12” Larger than 
basketball-sized

Cobbles 3 - 12” 3 - 12” Fist-sized to 
basketball-sized

Gravel

Coarse 3/4 - 3” 3/4 - 3” Thumb-sized to 
st-sized

Fine #4 - 3/4” 0.19 - 0.75” Pea-sized to 
thumb-sized

Sand

Coarse #10 - #4 0.079 - 0.19” Rock-salt-sized to 
pea-sized

Medium #40 - #10 0.017 - 0.079” Sugar-sized to 
rock-salt-sized

Fine #200 - #40 0.0029 - 
0.017”

Flour-sized to 
sugar-sized

Fines Passing #200 < 0.0029” Flour-sized and 
smaller

CH or OH

CL or OL
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Bulk sample.

Modified split-barrel drive sampler.

No recovery with modified split-barrel drive sampler.

Sample retained by others.

Standard Penetration Test (SPT).

No recovery with a SPT.

Shelby tube sample. Distance pushed in inches/length of sample recovered in inches.

No recovery with Shelby tube sampler.

Continuous Push Sample.

Seepage.
Groundwater encountered during drilling.
Groundwater measured after drilling.

MAJOR MATERIAL TYPE (SOIL):
Solid line denotes unit change.

Dashed line denotes material change.

Attitudes: Strike/Dip
b: Bedding
c: Contact
j: Joint
f: Fracture
F: Fault
cs: Clay Seam
s: Shear
bss: Basal Slide Surface
sf: Shear Fracture
sz: Shear Zone
sbs: Shear Bedding Surface

The total depth line is a solid line that is drawn at the bottom of the boring.

BORING LOG
Explanation of Boring Log Symbols
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SM

SP-SM
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ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Moist; very dense; trace rootlets.

Reddish brown; moist.

Mottled with caliche.

Trace to few gravel; slight cementation.

Reddish brown, moist, very dense, poorly graded SAND with silt; trace to few gravel.

Reddish brown, moist, very dense, silty SAND; few gravel.

Total Depth = 26.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/5/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-1

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

1
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ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace to few gravel.

Reddish brown; moist; very dense; trace pinhole porosity.

Moist.

Yellowish brown, moist, very dense, poorly graded SAND with silt; trace to few gravel;
trace to few pinhole porosity.

Yellowish brown, moist, very dense, silty SAND; trace to few gravel; stringers of caliche;
slight cementation.

Reddish yellow.

Light reddish brown; mottled with caliche.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-2

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM: (Continued)
Reddish brown, moist, very dense, silty SAND; few gravel; trace pinhole porosity; slight
cementation.

Trace stringers of caliche.

No recovery.
Few gravel.
Total Depth = 50.9 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/5/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-2

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Light brown, dry, loose, silty SAND; few gravel.

Yellowish brown; very dense; trace rootlets.

Moist; trace stringers of caliche.

Slight cementation.

Slight cementation.

Light yellowish brown.

Reddish brown; mottled with caliche.
Total Depth = 26.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/5/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-3

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

1



0

10

20

30

40

50/5"

50/5"

50/5.5"

50/5"

23
35
32

24
50/6"

22
50/4"

37
50/5"

47
50/6"

3.0

2.6

2.9

2.8

8.0

110.0

113.6

101.1

116.8

103.1

SM ALLUVIUM:
Light brown, dry, loose, silty SAND; few gravel.

Reddish brown; very dense; trace pinhole porosity.

Little to some gravel.

Slight cementation.

Trace gravel; few stringers of caliche.

Few gravel.

Mottled with caliche.

Moist; trace pinhole porosity; few gravel.

Total Depth = 36.0 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/5/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-4

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/5/16 BORING NO. B-4

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Moist; very dense; trace pinhole porosity; trace rootlets.

Yellowish brown, dry, very dense, poorly graded SAND with silt.

Reddish brown; moist.

Reddish brown, moist, very dense, silty SAND; trace pinhole porosity.

Slight cementation.

Light brown; few gravel; mottled with caliche.

Reddish yellow.

Total Depth = 35.9 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/6/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-5

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-5

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SC

SM

ALLUVIUM:
Yellowish brown, dry, loose, clayey SAND; few gravel.

Very dense.

Moist; trace to few stringers of caliche.

Reddish brown, moist, very dense, silty SAND; few gravel; trace pinhole porosity.

Slight cementation.

Light brown; trace pinhole porosity.

Reddish brown.

Total Depth = 36.0 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/6/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-6

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-6

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Very dense; trace gravel.

Moist; trace pinhole porosity.

Mottled with caliche.

Reddish yellow; slight cementation.

Trace pinhole porosity.

Reddish brown.

Total Depth = 36.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/6/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-7

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-7

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Very dense; trace pinhole porosity.

Reddish brown; moist; few to little gravel.

Trace to few stringers of caliche; slight cementation.

Slight cementation.

Mottled with caliche.

Trace pinhole porosity.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-8

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC
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SM ALLUVIUM: (Continued)
Reddish brown, moist, very dense, silty SAND; mottled with caliche;  trace pinhole
porosity; slight cementation.

Total Depth = 50.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/6/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/6/16 BORING NO. B-8

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Very dense; trace stringers of caliche; trace pinhole porosity; trace gravel.

Moist; few pinhole porosity.

Mottled with caliche; few gravel.

Slight cementation.

Reddish brown; slight cementation; trace to few gravel; mottled with caliche; trace
pinhole porosity.

Reddish yellow; few pinhole porosity.

Few gravel.

Reddish brown.
Total Depth = 35.9 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/7/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-9

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-9

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Very dense; few pinhole porosity; trace stringers of caliche.

Moist; trace pinhole porosity; few stringers of caliche.

Light brown; trace gravel.

Reddish yellow; slight cementation.

Trace to few gravel; few stringers of caliche;  trace pinhole porosity.

Trace gravel; oxidation staining.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-10

GROUND ELEVATION 2,905'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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3.8 104.1 SM ALLUVIUM: (Continued)
Reddish yellow, moist, very dense, silty SAND; few gravel; mottled with caliche; slight
cementation.

Reddish brown; few stringers of caliche.

Reddish yellow.
Total Depth = 51.0 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/7/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-10

GROUND ELEVATION 2,905'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Very dense; trace pinhole pores.

Reddish brown; moist; few stringers of caliche; few gravel.

Mottled with caliche; few pinhole porosity.

Slight cementation.

Reddish yellow; few gravel; mottled with caliche; trace pinhole porosity.

Reddish brown.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/9/16 BORING NO. B-11

GROUND ELEVATION 2,910'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM: (Continued)
Reddish brown, moist, very dense, silty SAND; trace to few gravel; trace pinhole
porosity.

Reddish yellow; mottled with caliche; slight cementation.

Reddish brown.
Total Depth = 50.5 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/9/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/9/16 BORING NO. B-11

GROUND ELEVATION 2,910'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Moist; very dense; few to little gravel.

Mottled with caliche; trace pinhole porosity.

Slight cementation.

Reddish brown; trace gravel.

Moist.

Yellowish brown.
Total Depth = 36.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/7/16.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-12

GROUND ELEVATION 2,905'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-12

GROUND ELEVATION 2,905'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace to few gravel.

Very dense; trace pinhole porosity.

Reddish brown.

Mottled with caliche; few gravel.

Moist; few gravel.

Slight cementation.

Dense; trace gravel.

Very dense.
Total Depth = 25.7 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/9/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/9/16 BORING NO. B-13

GROUND ELEVATION 2,905'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

1
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Very dense; trace pinhole porosity; trace rootlets.

Mottled with caliche.

Reddish brown; moist; pinhole porosity; few gravel.

Slight cementation; few gravel.

Yellowish brown.

Reddish brown; trace pinhole porosity; few gravel.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/9/16 BORING NO. B-14

GROUND ELEVATION 2,905'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM: (Continued)
Reddish yellow, moist, very dense, silty SAND; trace gravel; mottled with caliche; slight
cementation.

Reddish brown; few gravel.
Total Depth = 51.5 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/9/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/9/16 BORING NO. B-14

GROUND ELEVATION 2,905'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Very dense.

Trace stringers of caliche.

Moist; mottled with caliche; few pinhole porosity.

Reddish brown; medium dense.

Very dense; slight cementation.

Few stringers of caliche.

Total Depth = 26.5 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/7/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/7/16 BORING NO. B-15

GROUND ELEVATION 2,905'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

1
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ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Light brown; moist; dense; mottled with caliche; trace pinhole porosity; trace gravel.

Very dense.

Reddish brown; medium dense.

Light brown, moist, medium dense, sandy SILT; trace gravel; mottled with caliche; trace
pinhole porosity.

Light brown, moist, dense, silty SAND; trace gravel; mottled with caliche; trace pinhole
porosity.

Reddish brown; few gravel.

Brown; very dense; few stringers of caliche.

BORING LOG
CALCITE 220 kV SUBSTATION & TRANSMISSION ALIGNMENT

SAN BERNARDINO COUNTY, CALIFORNIA

PROJECT NO.

209418048
DATE

3/17
FIGURE

A-27

D
E

P
TH

 (f
ee

t)

B
ul

k
S

A
M

P
LE

S
D

riv
en

B
LO

W
S

/F
O

O
T

M
O

IS
TU

R
E

 (%
)

D
R

Y
 D

E
N

S
IT

Y
 (P

C
F)

S
Y

M
B

O
L

C
LA

S
S

IF
IC

A
TI

O
N

U
.S

.C
.S

.

DESCRIPTION/INTERPRETATION

DATE DRILLED 12/12/16 BORING NO. B-17

GROUND ELEVATION 2,895'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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5.6 100.8 SM ALLUVIUM: (Continued)
Light brown, moist, very dense, silty SAND; trace fine gravel;  mottled with caliche; trace
pinhole porosity; few to little gravel size nodules of poorly indurated, weakly cemented,
silty sand.

No recovery.
Rig chatter from 46 feet to 50 feet.

GRANITIC ROCK:
Dark gray and white, moist, weathered, moderately soft, GRANITIC ROCK.
Total Depth = 50.8 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/12/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

BORING LOG
CALCITE 220 kV SUBSTATION & TRANSMISSION ALIGNMENT

SAN BERNARDINO COUNTY, CALIFORNIA

PROJECT NO.

209418048
DATE

3/17
FIGURE

A-28

D
E

P
TH

 (f
ee

t)

B
ul

k
S

A
M

P
LE

S
D

riv
en

B
LO

W
S

/F
O

O
T

M
O

IS
TU

R
E

 (%
)

D
R

Y
 D

E
N

S
IT

Y
 (P

C
F)

S
Y

M
B

O
L

C
LA

S
S

IF
IC

A
TI

O
N

U
.S

.C
.S

.

DESCRIPTION/INTERPRETATION

DATE DRILLED 12/12/16 BORING NO. B-17

GROUND ELEVATION 2,895'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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ALLUVIUM:
Light brown, dry, loose, silty SAND; few gravel.

Moist; dense; mottled with caliche; trace pinhole porosity.

Medium dense.

Reddish yellow; trace gravel.

Reddish yellow, moist, medium dense, clayey SAND; trace pinhole porosity; few to little
gravel.

Light brown, moist, hard, clayey SILT; few sand; mottled with caliche;  trace pinhole
porosity.

Reddish yellow, moist, very dense, silty SAND; mottled with caliche;  trace pinhole
porosity.

Light brown, moist, dense, sandy SILT; mottled with caliche;  trace pinhole porosity.

Dark gray; few gravel.

GRANITIC ROCK:
Gray, moist, weathered, moderately soft, GRANITIC ROCK.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/12/16 BORING NO. B-18

GROUND ELEVATION 2,890'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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50/0" GRANITIC ROCK: (Continued)
Gray, moist, weathered, moderately soft, GRANITIC ROCK.
No recovery.
Refusal at 40.2 feet.
Total Depth = 40.2 feet.
Groundwater not encountered during drilling.
Backfilled with cuttings on 12/12/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/12/16 BORING NO. B-18

GROUND ELEVATION 2,890'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; trace gravel.

Dense; trace pinhole porosity; trace rootlets.

Very dense; trace stringers of caliche.

Moist.

Reddish brown; dry; dense; mottled with caliche.

Moist; very dense; slight cementation.

Trace gravel.

Trace pinhole porosity.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-19

GROUND ELEVATION 2,895'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM: (Continued)
Reddish brown, moist, very dense, silty SAND; trace to few gravel; mottled with caliche;
slight cementation.

Dense.

Very dense.
Total Depth = 50.5 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/8/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-19

GROUND ELEVATION 2,895'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SC

SM

ALLUVIUM:
Yellowish brown, dry, loose, clayey SAND; few gravel.

Medium dense; trace rootlets.

Moist; very dense; mottled with caliche; trace pinhole porosity.

Yellowish brown, moist, very dense, silty SAND; mottled with caliche; trace pinhole
porosity.

Reddish brown.

Slight cementation.

Moist; few stringers of caliche; slight cementation; trace gravel.

Mottled with caliche.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-20

GROUND ELEVATION 2,890'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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5.4 94.9 SM ALLUVIUM: (Continued)
Reddish yellow, moist, very dense, silty SAND; few gravel; mottled with caliche; slight
cementation.

Reddish brown.

No recovery.
Total Depth = 50.4 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/8/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.

BORING LOG
CALCITE 220 kV SUBSTATION & TRANSMISSION ALIGNMENT

SAN BERNARDINO COUNTY, CALIFORNIA

PROJECT NO.

209418048
DATE

3/17
FIGURE

A-34

D
E

P
TH

 (f
ee

t)

B
ul

k
S

A
M

P
LE

S
D

riv
en

B
LO

W
S

/F
O

O
T

M
O

IS
TU

R
E

 (%
)

D
R

Y
 D

E
N

S
IT

Y
 (P

C
F)

S
Y

M
B

O
L

C
LA

S
S

IF
IC

A
TI

O
N

U
.S

.C
.S

.

DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-20

GROUND ELEVATION 2,890'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2
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SM ALLUVIUM:
Yellowish brown, dry, loose, silty SAND; few gravel.

Very dense; trace rootlets.

Reddish brown; moist; mottled with caliche.

Medium dense; trace gravel.

Dense; trace pinhole porosity; trace gravel.

Very dense; slight cementation.

Few gravel.

Reddish yellow.

Reddish brown.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-21

GROUND ELEVATION 2,880'  SHEET 1 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC

2



40

50

60

70

80

50/5"

50/6"

50/5"

4.2

3.5

111.0

100.5

SM ALLUVIUM: (Continued)
Yellow, moist, very dense, silty SAND; few gravel; mottled with caliche; trace pinhole
porosity; slight cementation.

Reddish yellow.

Reddish brown.
Total Depth = 50.4 feet.
Groundwater was not encountered during drilling.
Backfilled with cuttings on 12/8/16.

Notes:
Groundwater, though not encountered at the time of drilling, may rise to a higher level
due to seasonal variations in precipitation and several other factors as discussed in the
report.

The ground elevation shown above is an estimation only. It is based on our interpretations
of published maps and other documents reviewed for the purposes of this evaluation. It is
not sufficiently accurate for preparing construction bids and design documents.
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DESCRIPTION/INTERPRETATION

DATE DRILLED 12/8/16 BORING NO. B-21

GROUND ELEVATION 2,880'  SHEET 2 OF

METHOD OF DRILLING 8" Hollow-Stem Auger (Martini Drilling)

DRIVE WEIGHT 140 lbs. (Auto. Trip Hammer) DROP 30"

SAMPLED BY CG LOGGED BY CG REVIEWED BY GMC
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