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SECTION 1 

Introduction 

This report summarizes CH2M HILL’S preliminary geotechnical exploration and data 
review for design and construction of the proposed Vernon power plant (VPP) located in 
the City of Vernon, California. 

1.1 Purpose and Scope  
The proposed project will be located at the southwest corner of Soto Street and 50th Street in 
the City of Vernon, Los Angeles County, California, on an approximately 5.8-acre parcel 
zoned for general industrial use. The parcel acquired by the City of Vernon is currently 
mostly cleared with the surface rough graded. All existing building, structures, and 
underground utilities within the perimeter of the parcel have been removed and 
demolished with the exception of a former administration building at 5001 Soto Street 
remaining to be demolished. 

The proposed power plant consists of a power block area containing a steam turbine 
generator and two power trains each consisting of a combustion turbine generator and a 
heat recovery steam generator, a switchyard, a cooling tower basin, generator step up 
transformers, auxiliary cooling units, a reclaimed water storage tank, fire protection 
systems, an area including an administration building, a control room, and a water 
treatment building with a parking area, a GIS building, and an access road to the plant.  

The purpose of this preliminary exploration is to provide a discussion of geologic and 
geotechnical issues including subsurface conditions, seismicity, and liquefaction potential of 
the site. This preliminary geotechnical report will also be used to assist the City of Vernon in 
the application for certification process for the power plant facility. 

The scope of work for the preliminary geotechnical services includes: 

• Review existing geotechnical reports on facilities near the proposed VPP 

• Field investigation consisting of drilling two hollow-stem auger (HSA) soil borings 

• Laboratory testing of selected soil samples to characterize the subsurface materials 

• Review existing available seismic and geologic data and summarize the findings  

• Development of preliminary geotechnical recommendations for the proposed facility 
and building foundation design 

• Presentation of construction considerations for the proposed facility 

• Preparation of this preliminary geotechnical report 
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SECTION 1: INTRODUCTION 

1.2 Site Location and Description 
The proposed VPP project is located approximately 0.75-mile from the Los Angeles River in 
the central Los Angeles Basin. The project site is currently mostly cleared with the surface 
rough graded in an approximately 5.8-acre parcel zoned for general industrial use. The 
former administration building at 5001 Soto Street remains to be demolished. The location of 
the proposed project site is shown in Figure 8.15A-1. All figures are located at the end of the 
sections.  

1.3 Pertinent Reports and Investigations 
As part of this study, CH2M HILL collected and reviewed existing geotechnical data. The 
most pertinent documents reviewed include: 

• Preliminary Geotechnical Report: Proposed Power Plant at the former Alcoa Plant Site. 
Prepared by CH2M HILL. October, 2005. 

• Report of Geotechnical Investigation: Proposed Generating Units—Malburg Generating Station 
Facility. Prepared by Kleinfelder. October 16, 2001. 

• Seismic Hazard Zone Report for the South Gate 7.5-Minute Quadrangle, Los Angeles County, 
California. California Department of Conservation, Division of Mines and Geology, 1998  

1.4 Limitations 
This preliminary report has been prepared for the exclusive use of CH2M HILL, the City of 
Vernon and its engineers for specific application to the design and construction of the 
proposed VPP project site as described herein. The work was done in accordance with 
generally accepted geotechnical engineering practice common to the local area. No other 
warranty, express or implied, is made. 

The content of this report is based on data obtained from the current preliminary investigation 
and from referenced subsurface explorations. The borings indicate subsurface conditions only 
at specific locations and times, and only to the depths penetrated. They do not necessarily 
reflect strata variation in exploration locations. Subsurface conditions and water levels at other 
locations may differ from those at the indicated locations. Also, the passage of time may result 
in a change in the conditions at these locations. If variations in subsurface conditions from 
those described herein are noted during construction, CH2M HILL should be notified 
immediately; and the recommendations in this report should be re-evaluated. 

In the event that any changes in the nature, design, or location of the planned facility occur, 
the conclusions and recommendations of this report should not be considered valid unless 
the changes are reviewed and conclusions of this report modified or verified in writing by 
CH2M HILL. CH2M HILL is not responsible for any claims, damages, or liability associated 
with interpretation of subsurface data by others or reuse of the subsurface data or 
engineering analyses without the express written authorization of CH2M HILL. 
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SECTION 2 

Technical Data 

2.1 Field Exploration 
To characterize the subsurface conditions at the proposed VPP site, a geotechnical field 
exploration was planned and conducted at the project location. The geotechnical field 
investigation included two HSA borings. Figure 8.15A-2 shows the boring locations relative 
to the proposed plant site. Table 8.15A-1 summarizes the field exploration. 

TABLE 8.15A-1 
Summary of Field Exploration 

Exploration 
Number Performed By 

Date 
Performed Drilling Method 

Depth 
(feet) 

Groundwater Depth 
(feet) 

H-1 2R Drilling 1/24/06 Hollow Stem Auger 81.0 NE 

H-2 2R Drilling 1/24/06 Hollow Stem Auger 81.5 NE 

NE – Groundwater not encountered during drilling 

The two HSA soil borings, H-1 and H-2, were drilled at the project site to depths of 81.0 feet 
and 81.5 feet, respectively, below ground surface (bgs) in January 2006. The borings were 
drilled using a truck-mounted, hollow-stem auger drill rig equipped with an 8-inch-
diameter hollow-stem auger by 2R Drilling, Inc. under subcontract to CH2M HILL. These 
HSA borings were logged by a CH2M HILL geotechnical engineer at the time of the drilling.  

Soil samples were collected at 5-foot intervals using the standard penetration test (SPT) and 
modified California ring (ring) samplers. The SPT and ring samplers were driven using an 
automatic trip hammer, 140-pound, free falling from a height of 30 inches, for a total 
penetration of 18 inches into the ground. 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.  

Relatively intact soil samples were collected from the borings using the ring sampler. 
Sampling procedures generally followed SPT and split-barrel sampling of soils (American 
Society for Testing and Materials [ASTM] D1586). In addition, representative bulk samples 
were collected from the borings at shallow depths. Each soil sample collected was examined 
and classified in accordance with the Unified Soils Classification System (USCS) per ASTM 
D 2488. Following drilling, sampling, and logging, the borings were backfilled with cement 
slurry to a depth approximately from 10 to 14 feet from the ground surface to seal the 
boreholes in accordance with the City’s drilling permit requirement. The top portion of the 
boreholes was subsequently backfilled with native soil cuttings. The soil boring logs are 
included in Appendix A of this report.  
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SECTION 2: TECHNICAL DATA 

2.2 Laboratory Testing 
Laboratory testing was performed on representative soil samples collected during the field 
explorations. Tests included natural moisture content, in-place density, gradation analysis, 
Atteberg Limits, direct-shear, consolidation, expansion index, and corrosivity (pH, sulfate 
content, chloride content, and minimum resistivity). Leighton Consulting, Inc. of Irvine, 
California, under subcontract to CH2M HILL, conducted the laboratory tests. Testing was 
completed in accordance with applicable ASTM standards or California Department of 
Transportation (Caltrans) Test Methods.  

CH2M HILL engineers reviewed the laboratory test results for completeness and 
reasonableness. The laboratory test results are presented in Appendix B of this report. 
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SECTION 3 

Site Characterization 

3.1 Site Geology 
The proposed project site is located approximately 0.75-mile from the Los Angeles River in 
the central Los Angeles Basin. The Los Angeles Basin is located in the northeast corner of 
the Peninsular Ranges geomorphic province. The Basin is in the area of transition between 
the Transverse Ranges and Peninsular Ranges geomorphic provinces. The Los Angeles 
Basin is an active structural depression that is still receiving sediment eroded from 
surrounding hills. This portion of the Basin is bounded by the Santa Monica Mountains to 
the northwest, the Puente Hills blind thrust Fault to the northeast, the San Joaquin Hills to 
the southeast, and the Newport-Inglewood fault zone to the southwest. 

The proposed VPP site is a relatively flat site (approximate elevation 180 feet) underlain by 
Quaternary age alluvial sediments. The geology of the VPP vicinity is relatively complex. 
The Los Angeles Basin is a structural trough overlying bedrock formations between the 
Western Shelf and the San Gabriel Mountains. This trough has been filled with marine and 
alluvial deposits of Quaternary and Tertiary age. Deposits nearly 30,000-feet thick are 
present near the central part of the basin and rise sharply to the east and to the west. The 
site, as well as much of southern California, is within an active seismic region. 

3.1.1 Stratigraphy 
Stratigraphically, the Los Angeles Basin in the area of the VPP is underlain by 100 to 200 feet 
of unconsolidated alluvium and up to about 12,000 feet of Quaternary age (up to 2 million 
years old) non-marine gravel and sand (Yerkes, et al, 1965). These materials are underlain by 
an additional 16,000 feet of sedimentary rocks (Yerkes, et al, 1965; and Dibblee, 1989). The 
sedimentary rocks that underlie the alluvium in the project area are the marine and non-
marine units within the Fernando formation. The non-marine rocks consist of sandstone and 
conglomerate beds. The marine rocks consist of claystone (Yerkes, et al, 1965; and Dibblee, 
1989). These sediments fill a basin or elongated trough of folded basement rock. The 
basement rock consists of metamorphic bedrock. 

3.2 Faulting and Seismicity 
The project site is located within Southern California, a seismically active region. Numerous 
active and potentially active faults considered capable of generating earthquakes have caused 
and will continue to cause seismic shaking at the site. Over 30 faults have been documented 
within a 62-mile (100-kilometer) radius of the site as shown on Figure 8.15A-3 attached at the 
end of the section (Blake, 2004). As shown in Table 8.15A-2, the faults close to the project site 
include the Puente Hills Blind Thrust, the Upper Elysian Park Blind Thrust, and the Newport-
Inglewood Fault. Blind Thrust faults are faults that have not ruptured to the ground surface. 
The Puente Hills Blind Thrust, approximately 3.1 miles away and capable of generating a 
maximum credible earthquake (MCE) of magnitude Mw of 7.1, is the controlling fault at the 
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project site. A site-specific deterministic analysis and probabilistic analysis of ground motion 
were performed for active faults within the region using EQFAULT and FRISKSP published 
by Thomas Blake (Black, 2004), respectively. The peak bedrock accelerations (PBA) at the 
project site were estimated to be 0.64 g (rounded up, g = acceleration due to gravity) for the 
MCE event and 0.47 g for the 500-year event (10 percent exceedance probability in 50 years or 
475-year return interval). Fault parameters, such as fault length, fault dip, slip rate, type of 
fault are also provided in Table 8.15A-2 for the faults close to the project site, based on the 
data from the Revised 2002 California Probabilistic Seismic Hazard Maps (Cao, et al, 2003).  

TABLE 8.15A-2 
Summary of Nearby Faults 

Fault Name and Type 

Distance 
from Fault 

(miles) 

Maximum 
Credible 

Earthquake* 

Estimated 
Peak Bedrock 
Acceleration* 

Fault 
Length 
(miles) 

Fault 
Dip  

Slip Rate 
(inch/year) 

Puente Hills Blind Thrust 
(r, 25 N) 

3.1 7.1 0.635g 27 25 0.03 

Upper Elysian Park Blind 
Thrust (r, 50 NE) 

5.1 6.4 0.403g 12 50 0.05 

Newport-Inglewood (rl-ss) 
(L.A. Basin) 

6.5 7.1 0.373g 41 90 0.04 

* Blake, 2004 
(ss) strike slip; (r) reverse; (rl) right lateral 

No faults were found to cross the proposed VPP site. The project site is within Seismic Zone 
4, as defined in the California Building Code (CBC), and, for purposes of design, the site Soil 
Profile Type SD may be used (CBC, 2001). 

3.3 Subsurface Conditions 
Based on the soil borings, the subsurface materials at the project site generally consist of dry 
to slightly moist, loose to dense, unconsolidated alluvial deposits, which classify as silty 
sand, poorly graded sand, and sandy silt to the depth about 45 feet bgs. The average 
uncorrected SPT N-value for these materials is about 15. From the depth of 45 feet to about 
60 feet bgs, a layer of moist, stiff to hard, low to medium plastic fine grained cohesive soils, 
classified as silty clay, sandy lean clay, and lean clay, was encountered. The average 
uncorrected SPT N-value for this cohesive soil layer is about 19. Below this cohesive layer, 
alternating layers of medium dense to very dense silty sand, poorly graded sand, well-
graded sand with silt, and silt with sand were encountered to the final depth of the borings 
drilled. The uncorrected SPT N-values for these sandy materials range from 23 to greater 
than 50 for 12 inches of penetration. 

Based on the City engineer, the site was recently excavated to a depth about 10 feet from the 
existing ground surface to remove and demolish underground structures and utilities. After 
the removal of the underground structures and utilities, the excavation area was backfilled 
with the onsite soil to the existing ground surface. The backfill was not placed as a 
controlled engineered fill.  
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3.4 Groundwater 
No free groundwater was encountered during our drilling operation. All borings were 
immediately backfilled with cement slurry in accordance with the City’s drilling permit 
requirement upon completion of drilling. It should be noted that the borings may not have 
been left open long enough to establish static groundwater conditions. However, the relatively 
low moisture content of the soil samples suggests that the local groundwater level was below 
the bottom of the borings during the time of drilling. According to the State CDMG Seismic 
Hazard Zone Report for the South Gate 7.5-Minute Quadrangle (CDMG, 1998), the historic 
high groundwater-level depth in the vicinity of the project site is approximately 35 feet bgs.  

It should be noted that the groundwater table might fluctuate due to seasonal variation, 
variations in rainfall, nearby construction, irrigation, and other man-made and natural 
influences. 
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SECTION 4 

Discussion and Recommendations 

4.1 Seismicity 
The VPP project site lies within Seismic Zone 4, as defined in the CBC (CBC, 2001). The 
following data may be used for the seismic analysis of the proposed facility: 

• Causative fault: Puente Hills Blind Thrust 
• CBC Seismic Source Type: Type B (CBC, 2001) 
• Distance to site: 3.1 miles 
• Maximum credible earthquake: 7.1 
• Maximum credible earthquake PBA: 0.64 g 
• Horizontal PBA (10 percent probability of exceedance in 50 years): 0.47 g 
• CBC Site Soil Profile Type: SD (CBC, 2001) 
• CBC Near Source Factors: Na = 1.0; Nv = 1.2 (CBC, 2001) 

4.2 Liquefaction 
Liquefaction is a seismic phenomenon in which loose, saturated, cohesionless soils behave 
like a fluid when subjected to high-intensity ground shaking. Liquefaction occurs when 
three general conditions exist: (1) shallow groundwater; (2) low-density sandy soils; and 
(3) high-intensity ground motion. Studies indicate that saturated, loose and medium-dense, 
near-surface, cohesionless soils exhibit the highest liquefaction potential, while dry, dense, 
cohesionless soils and cohesive soils exhibit low to negligible liquefaction potential. Effects 
of liquefaction on level ground include sand boils, settlement, and bearing-capacity failures 
below structural foundations. 

The soil borings completed at the proposed VPP project site were examined for liquefaction 
potential. Liquefaction was evaluated using the procedures outlined in “SPT-Based Analysis 
of Cyclic Pore Pressure Generation and Undrained Residual Strength” by Seed and Harder 
(1990), as modified by the National Center for Earthquake Engineering Research (NCEER) 
Workshop on Evaluation of Liquefaction Resistance of Soils (NCEER, 2000). The seismically induced 
settlements were estimated using the methods described in Tokimatsu and Seed (1987).  

For the proposed VPP project site, a PBA of 0.64g for the MCE event and a design 
earthquake magnitude Mw of 7.1 were used in the liquefaction potential analyses. The 
historic high groundwater level at approximately 35 feet bgs as discussed in Section 3.4 was 
used in the liquefaction analyses.  

Based on the soil boring data, the site generally is underlain by alternating layers of medium 
dense to dense granular sandy soils and stiff to hard cohesive soils from the depth of 35 feet 
(historic high groundwater level) to approximately 80 feet bgs. Based on the liquefaction 
analyses performed and assuming the historic high groundwater level, the site in general has 
a low to moderate potential for liquefaction on the layer of medium dense granular soils. 
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The liquefaction induced settlements were examined for borings H-1 and H-2. The total 
and differential liquefaction induced settlements are estimated about 2.0 and 1.0 inches, 
respectively, after an MCE event. The magnitude of the liquefaction induced settlement will 
be verified during the final design phase, when more structure-specific borings are drilled 
for the project. 

If the proposed facility and structures on the project cannot tolerate the liquefaction induced 
settlement specified above, ground improvement or special foundation design for the 
facility is needed. Ground improvement methods include deep dynamic compaction or 
stone columns to increase the relative density of the liquefiable layers. Special foundation 
designs could include deep foundations bearing within denser soil generally encountered 
below 60 feet from the ground surface or stiff mat-type foundations to reduce the effects of 
differential settlements. 

The liquefaction potential and the liquefaction-induced settlement are based on our 
preliminary assessment and will be verified in the final design phase when more structure-
specific borings are conducted. 

Lateral spreading is not deemed to be a concern due to the depth of the liquefiable soil and 
the relatively flat ground surface present at the project site. 

4.3 Corrosion 
Soil laboratory tests for corrosivity assessment were conducted on two samples collected in the 
borings drilled at the project site. Soil samples were tested for pH, minimum resistivity, soluble 
chloride content, and soluble sulfate content using the procedures described in Caltrans 
TMs 417, 422, 532, and 643. The corrosion test results are summarized in Table 8.15A-3. 

TABLE 8.15A-3 
Summary of Corrosion Laboratory Test Results 

Boring Sample 
Depth 

(ft) Soil Type

Minimum Resistivity @ 
Moisture Content 

(ohm-cm @ %) pH 

Sulfate 
Content 
(ppm) 

Chloride
Content
(ppm) 

H-1 1-B 0-4.0 SM 742 @ 23.8 7.66 404 76 

H-2 1-B 0-4.0 SM 877 @ 38.8 5.23 1092 75 

 

Caltrans Corrosion Guidelines (Caltrans, 1996) defines a corrosive environment as being 
a site where the soil has electrochemical resistivity of less than 1,000 ohm-centimeters 
(ohm-cm), a sulfate content greater than 2,000 parts per million (ppm), or chloride content 
of greater than 500 ppm. Comparison between the laboratory test results and the Caltrans 
corrosion criteria indicates that the site soils are considered to have a low corrosive potential 
to common construction materials, include ferrous metals and concrete structures. Based on 
this criteria, concrete in contact with the soils should be batched using Type II cement. 
Adequate concrete cover over reinforcing steel should be provided in accordance with 
good construction practices and design standards. Additional corrosivity testing will be 
conducted during the final design phase when structure specific borings are conducted. 
A corrosion engineer should review this data for compatibility with proposed construction 
materials, including pipes and conduits, at the site.  
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4.4 Foundation Design and Recommendations 
The selection of an appropriate foundation system for the proposed VPP project is based on 
the anticipated structural loads and settlement. Two potential foundation systems were 
evaluated based on their geotechnical feasibility. These alternatives include using 
conventional shallow strip and isolated spread footings with slab-on-grade floors and stiff 
mat foundations. 

Based on the Foundation and Settlement Criteria specified by Siemens Westinghouse Power 
Corporation (Siemens, 2005), in general, the settlement criteria for foundations for major 
plant equipment are as follows: 

• Total Settlement: less than 1.0 inch 
• Differential Settlements: 

− Building: 0.2% slope between adjacent column support points 
− Between equipment within the power train: 0.25 inch 
− Along Centerline of Main Machine Axis: 0.025% slope for operating condition  

Estimated foundation dimensions and soil pressures under the foundations for major 
equipment included in this project are summarized in Table 8.15A-4, per the information 
provided by Siemens (Siemens, 2005). 

TABLE 8.15A-4 
Summary of Foundation Dimensions and Soil Pressure under Foundations 

Facility 
Dimensions 

(ft x ft) 

Load 
(EQ+Concrete) 

(Kips) 
Soil Pressure 

(ksf) 

Combustion Turbine Generator (CTG) 23 x 95 5,000 2.3 

Steam Turbine Generator (STG) 35 x 110 8,900 2.3 

Heat Recovery Steam Generator (HRSG) + Stack 50 x 134 16,000 2.4 

Generator Step Up Transformer 33 x 46 2,400 1.6 

Cooling Tower Basin 60 x 330 25,700 1.3 

Water Tank 63 x 63 11,900 3.0 

EQ = Equipment 

Based on the project site plan, there is a Steam Turbine Generator (STG) and two power 
trains within the power block area. Each power train consists of a Heat Recovery Steam 
Generator (HRSG) and Combustion Turbine Generator (CTG). Based on the loads and the 
settlement criteria specified above, CH2M HILL recommends that the STG and each pair of 
the HRSG and CTG be founded on single rigid mat foundations. Other facilities and 
structures can be founded on either conventional shallow strip and isolated spread footings 
with slab-on-grade floors or stiff mat foundations, depending on the structure loads, 
estimated differential settlement, and building space required during construction.  
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SECTION 4: DISCUSSION AND RECOMMENDATIONS 

4.4.1 Foundation Excavation and Backfill 
The proposed administration building, the control room, the water treatment building, 
the GIS building, the cooling towers, and the water storage tank may be supported on 
conventional strip and isolated spread footings with slab-on-grade floors bearing on 
engineered fills. To minimize settlement within the upper 10 feet, we recommend that 
contact soils beneath the base of footings be over-excavated by at least 10 feet. The base 
of slab-on-grade floors should be over-excavated by at least 2.0 feet. The foundation 
over-excavation shall be backfilled with structural fill materials placed and spread in layers, 
not to exceed 6 inch loose lifts, moisture conditioned within 2 percent of optimum moisture 
content, and compacted to 95 percent relative compaction (RC) in accordance with ASTM D 
1557. The onsite excavated granular material can be used as the structural fill, provided it is 
free of debris, clay mixtures, and oversized materials greater than 3 inches in diameter.  

The over-excavation should extend a minimum of 5 feet beyond footing and 3 feet beyond 
slab-on-grade limits. The exposed subgrade should be scarified to a depth of 6 inches, 
moisture conditioned as necessary, and re-compacted to 90 percent RC per ASTM D 1557, 
prior to the placement of the structural fill. The exposed foundation subgrade should be 
observed and inspected by a geotechnical engineer to verify that the exposed conditions are 
adequate for placement of engineered fill. 

4.4.2 Bearing Resistance 
After completion of the recommended foundation over-excavation and preparation, the site 
shall be suitable for shallow footing support. CH2M HILL recommends that spread footings 
should be at least 3.0 feet wide and be embedded at least 2.0 feet below finished grade. For 
the design of spread footings, CH2M HILL recommends using a net allowable bearing 
pressure of 2,000 psf. This bearing resistance may be increased to 2,500 psf for transient 
loads such as seismic and wind loads. The allowable bearing pressures recommended above 
are net values; therefore, the weight of the footings can be neglected for design purposes.  

The friction between soil and the footings provides a portion of resisting force. A coefficient 
of friction equal to 0.35 may be used for calculating the lateral resistance between the base of 
footing and the supporting subgrade. 

4.4.3 Footing Settlement 
Static settlement of individual footings will vary, depending on the depth of engineered fill 
materials, the plan dimensions of the foundation, and the actual load supported. Based on 
the anticipated foundation dimensions and loads, we estimate the total settlement of the 
conventional strip and isolated spread footings designed in accordance with the preceding 
recommendations should be on the order of 1.0 inch, and the differential settlement should 
be on the order of 0.5 inches. This corresponds to a differential settlement slope of 
approximately 0.2 percent between 2 column supports spaced 20 feet apart. 

Due to the granular nature of the on site soil materials, the static settlement of the 
foundations is expected to occur during construction and should be essentially complete 
shortly after initial application of the loads.  
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4.4.4 Slab-on-Grade 
After completion of the recommended foundation over-excavation and preparation, the site 
shall be suitable for slab-on-grade floor foundation. Based on the subsurface soil conditions 
at the site, a modulus of subgrade reaction value of 100 tons per cubic foot can be used for 
the slab-on-grade design. This modulus will be verified during the final design of the project. 

4.4.5 Mat Foundation 
Based on the anticipated structure dimensions, foundation loads, and settlement design 
criteria, CH2M HILL recommends that the HRSG and CTG (within a single power train) 
and the STG be founded on single rigid mat foundations within the power block area. The 
intent of using a rigid mat foundation is to distribute the structural load over the entire 
structure footprint area, resulting in negligible differential settlement in order to meet the 
power train’s foundation settlement design criteria. 

CH2M HILL recommends that the mat foundation should be embedded at least 2.0 feet 
below the finish grade and contact soils below the base of the mat be over-excavated by at 
least 10 feet. The foundation over-excavation shall be backfilled with structural fill materials 
placed and spread in layers, not to exceed 6 inch loose lifts, moisture conditioned within 
2 percent of optimum moisture content, and compacted to 95 percent RC in accordance 
with ASTM D 1557. The onsite excavated granular material can be used as the structural fill, 
provided it is free of debris, clay mixtures, and oversized materials greater than 3 inches in 
diameter.  

The over-excavation should extend at least 5 feet beyond the mat foundation perimeter. 
The exposed subgrade should be scarified to a depth of 6 inches, moisture conditioned as 
necessary, and re-compacted to 90 percent RC per ASTM D 1557, prior to the placement of 
the structural fill. The exposed foundation subgrade should be observed and inspected by a 
geotechnical engineer to verify that the exposed conditions are adequate for placement of 
engineered fill. 

For the purpose of a mat foundation design, CH2M HILL recommends that the following 
values be used: 

Maximum net allowable bearing pressure: 2,000 psf 
Modulus of subgrade reaction for a 1-foot-square plate: 100 tons per cubic foot 

The modulus of subgrade reaction recommended above should be adjusted to account for 
the difference in size between the plate and the actual mat foundation. The following 
equation provides this adjustment: 

ks = k1 [(B+1)/2B]2

Where: 

ks: Adjusted modulus of subgrade reaction 
k1: Modulus of subgrade reaction for a 1-foot-square plate 
B: Least width of mat foundation 
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The modulus of subgrade reaction presented above is appropriate for mat foundation design 
considering static loading conditions and elastic settlement. Recommendations considering 
dynamic machine loads will be presented in the final geotechnical report for the project. The 
total settlement of a mat foundation designed using the criteria recommended above is 
expected to be less than 1.0 inch. The American Concrete Institute Committee 436 (ACIC, 1966) 
suggested a method for calculating the differential settlement of mat foundations. According to 
this method, if the rigidity factor, Kr, which is defined as the relative rigidity of the structure 
divided by the relative rigidity of the foundation soil, is greater than or equal to 0.5, the mat 
foundation designed will be very rigid, and the differential settlement of mat rotation should 
be less than 10 percent of the total settlement, assuming that structure loads are uniformly 
distributed over the entire mat footprint area.  

4.4.6 Lateral Load Resistance 
Resistance to lateral loads can be developed by friction resistance between the bottom of 
concrete foundations and the underlying subgrade soils. A friction coefficient of 0.35 is 
considered applicable for calculating the lateral resistance between the foundation bottom 
and the supporting subgrade. As an alternative, a passive resistance equal to an equivalent 
fluid pressure weighing 330 pounds per cubic foot acting against the vertical face of the 
foundation can also be used. If foundations are placed neat against the soil, the friction and 
passive resistance can be used in combination.  

4.5 Expansive Soil Characteristics  
Expansive soils are characterized by their ability to undergo significant volume change 
(shrink or swell) due to variations in moisture content. Changes in soil moisture content can 
result from rainfall, landscape irrigation, utility leakage, perched groundwater, drought, or 
other factors, and may cause unacceptable settlement or heave of structures, concrete slabs-
on-grade, or pavements supported over these soils. The soils encountered in the borings are 
predominantly granular, which commonly have a low expansion potential. Based on the soil 
type encountered, and results of laboratory expansion index testing, the expansion potential 
of the soil encountered at the site is low. Based on this preliminary data, no special design 
and specific recommendations are required to mitigate the expansive characterization of the 
onsite soils. 

4.6 Pipeline Design 

4.6.1 Design Parameters 
Underground pipelines such as storm drains, water mains, and electric conduits will be 
constructed within the proposed project site. Although the exact pipe size, type of material, 
and embedment depth are not known at this time, we expect that only flexible pipelines are 
considered in this project. For flexible pipelines, the aspect of trench, bedding and pipe 
material, and the interaction of these elements should be considered. The performance of the 
flexible pipe is highly dependent on the support provided by the soil around it, including 
the natural soil within which the pipe trench is constructed. 
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Along with depth, unit weight, and compaction of fills in the trench, the modulus of soil 
reaction, E’, of the soil surrounding the trench is a parameter used in flexible pipe design, 
as it controls the lateral support provided by the soil and, therefore, the deformation of the 
pipe. For the soil encountered in the borings, an E’ value of 1,000 pounds per square inch 
(psi) is recommended for pipeline design for cover depth less than 10 feet. For the purpose 
of design, a total unit weight of 120 pounds per cubic foot (pcf) may be used for the fill 
above the pipeline.  

4.6.2 Pipe-Zone Backfill 
The material placed as pipe-zone backfill, surrounding the pipe from 6 inches below the 
invert to 1 foot above the top of pipe, should be composed of sand that is reasonably well 
graded from coarse to fine and is free from clay, organic material, and deleterious 
substances. The material also should be noncorrosive. The pipe-zone backfill material 
should contain a maximum of 8 percent particles passing the No. 200 sieve, and the 
maximum size should not exceed 1.5 inches. Low-expansive (EI < 50) granular fill should 
be used as pipe-zone backfill material.  

Pipe-zone backfill should be placed and spread in layers, not to exceed 6 inches loose lifts, 
moisture conditioned within 2 percent of optimum moisture content, and compacted to at 
least 90 percent RC in accordance with ASTM D 1557. Compaction of the pipe-zone backfill 
should be increased to 95 percent RC in areas beneath pavements and in areas that are 
sensitive to surficial settlement. The contractor is responsible for verifying that the pipe 
strength is adequate to withstand the weight and energy delivered by a roller or compactor 
during the pipe backfill procedure. 

In areas where there is potential for weaker soil (e.g., soft clay or loose sand), the weaker soil 
should be over-excavated to a minimum depth of 1 foot below the proposed trench bottom 
and replaced with engineered fill compacted to 95 percent RC.  

In lieu of the over-excavation of weaker soils, the use of controlled, low-strength material 
(CLSM) may be considered. CLSM is a fluid-like mixture of Portland cement, water, and 
fine aggregate or fly ash, or both. The consistency of the material is that of a slurry or lean 
grout, and the material is placed like concrete. For use as pipe-zone backfill material, the 
mixture should be designed for a 28-day strength of 50 to 150 psi. 

4.6.3 Trench Backfill 
Backfill material around structures and more than 1 foot above the top of the pipe (above the 
pipe-zone backfill) may consist of excavated onsite soil. However, organic material, rubbish, 
debris, rocks, broken concrete larger than 6 inches in diameter, and other unsuitable material 
should be removed prior to use as backfill. Rocks greater than 3 inches in any dimension 
should not be permitted in backfill placed within 1 foot of the pavement subgrade. 

Backfill should be placed and spread in layers, not to exceed 8 inches loose lifts, moisture 
conditioned within 2 percent of optimum moisture content, and compacted to at least 
90 percent RC in accordance with ASTM D 1557. Increased compaction is advised where 
greater sensitivity to surficial settlements may exist if the compaction does not damage or 
cause excessive deflections of the pipe. 
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4.7 Structural Pavement Design 

4.7.1 Asphalt Concrete  
Preliminary asphalt concrete pavement sections have been designed for the project site 
for automobile parking areas, automobile driveways, and heavy truck driveways. The 
pavement sections were designed following the procedures outlined in Chapter 600 of the 
Caltrans Highway Design Manual (Caltrans, 2004). The proposed pavement structural 
section consists of dense graded asphalt concrete (AC, Type A) underlain by Class 2 
aggregate base (AB). Traffic Index (TI) values of 5.0, 6.0, and 7.0 were assumed for the 
design of automobile parking areas, automobile driveways, and heavy truck driveways, 
respectively. The traffic indexes assumed should be reviewed by the Owner and the Civil 
Engineer of the project to evaluate their suitability for this project. Changes in the traffic 
indexes will affect the corresponding pavement sections.  

The pavement sections presented are based on a minimum subgrade R-value of 40 and an 
AB R-value of 78 (Class 2). The recommended asphalt pavement sections are presented in 
Table 8.15A-5.  

TABLE 8.15A-5 
Summary of Recommended Asphalt Concrete Pavement Sections 

Pavement Description 
Subgrade 
R-Value TI Pavement Section (inches) 

Automobile Parking Area 40 5.0 2.5-inch AC / 5.0-inch AB 

Automobile Driveways 40 6.0 3.0-inch AC / 6.0-inch AB 

Heavy Truck Driveways 40 7.0 4.0-inch AC / 8.0-inch AB 

 

The pavement sections provided in Table 8.15A-5 are contingent on the following 
recommendations being implemented during construction.  

• The pavement should be placed on at least 12 inches of re-compacted subgrade to at 
least 95 percent RC. After site preparation and subgrade excavation, the exposed 
subgrade should be scarified to a depth of 6 inches, moisture conditioned as necessary, 
and re-compacted to 90 percent RC per ASTM D 1557 

• Subgrade soils should be in a stable, non-pumping and yielding condition at the time 
aggregate base materials are placed and compacted 

• Aggregate base materials should meet Caltrans specifications for Class 2 aggregate, 
placed and spread in layers, not to exceed 6 inch loose lifts, moisture conditioned within 
2 percent of optimum moisture content, and compacted to 95 percent RC in accordance 
with ASTM D 1557 

• Adequate drainage (both surface and subsurface) should be provided such that the 
subgrade and aggregate base materials are not allowed to become wet 

• Asphalt concrete paving materials should meet Caltrans specifications for Type A 
asphalt concrete  
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The pavement sections provided above are based on the soil conditions encountered during 
our preliminary field investigation, the assumed final site grades, and the laboratory testing. 
The actual pavement subgrade materials exposed during grading may be different than 
those assumed in the design. CH2M HILL recommends that representative subgrade 
samples be obtained and R-value tests be conducted during final design and construction to 
verify the pavement sections recommended above. If these test results indicate a significant 
difference, the design pavement sections may need to be revised. 

4.7.2 Portland Cement Concrete  
Portland Cement Concrete (PCC) pavement may be desirable in the loading dock, trash 
collection, and other heavily-traveled areas. The PCC pavement was designed following the 
Caltrans Highway Design Manual (Caltrans, 2004). The proposed PCC pavement section 
consists of PCC underlain by Class 2 AB. Based on the assumed design subgrade R-value of 
40 and a Traffic Index value of 7.0, CH2M HILL recommends that the PCC pavement 
section should have a minimum 6 inches of PCC over a minimum 9 inches of AB. The 
aggregate base materials should be placed and spread in layers, not to exceed 6 inch loose 
lifts, moisture conditioned within 2 percent of optimum moisture content, and compacted to 
95 percent RC in accordance with ASTM D 1557. Control joints should be spaced at every 
15 feet. The pavement sections recommended above should be placed on at least 12 inches 
of engineered fill compacted to at least 95 percent RC per ASTM D 1557. Prior to fill 
placement, the exposed subgrade should be scarified to a depth of 6 inches, moisture 
conditioned as necessary, and re-compacted to at least 90 percent RC per ASTM D557.  

4.8 Surface Drainage 
Ponding of water adjacent to structures should be avoided. During and after construction, 
positive drainage should be provided to direct surface water away from structures and 
excavations toward suitable, nonerosive drainage devices. Final grading should slope away 
from facilities, structures, and pavements.  

E102005003SAC/338307/060530004 (APPENDIX 8.15A.PDF) 4-9 



 

SECTION 5 

Construction Considerations 

5.1 Earthwork 

5.1.1 Site Preparation 
Prior to construction and general grading, any debris and oversized materials (greater than 
3 inches in any dimension) should be stripped and disposed outside the construction limits. 
The stripping operation must expose a firm, non-yielding subgrade that is free of large 
voids. Excavations resulting from removal of utility lines should be backfilled properly, as 
described below, with non-expansive fill and compacted to a minimum 90 percent RC per 
ASTM D 1557.  

5.1.2 Over-excavation 
Over-excavation is recommended in this project beneath footings, slabs-on-grade, and mat 
foundations, as discussed in previous sections. The depth of over-excavation is determined 
based on the borings conducted in the preliminary exploration and will be verified during 
the final design phase when more structure specific borings are drilled. The depth of 
over-excavation may be changed during construction depending on the exposed subgrade 
conditions.  

5.1.3 Scarification and Compaction 
Following site preparation and any required over-excavation, CH2M HILL recommends 
that all areas to receive engineered fill or to be used for support of structures or concrete 
slabs be scarified to a minimum depth of 6 inches, uniformly moisture conditioned to near 
optimum moisture content, and re-compacted to at least 90 percent RC in accordance with 
ASTM D 1557.  

5.1.4 Fill Placement and Compaction 
We expect that most of the onsite soils below the stripped material may be reusable as 
engineered fill once debris, clay mixtures, and oversized materials greater than 3 inches in 
diameter are removed. Any imported fill materials to be used for engineered fill should be 
sampled and tested for approval by the geotechnical engineer prior to transportation to the 
site. In general, well-graded mixtures of gravel, sand, and non-plastic silt with a sand 
equivalent value of at least 30 are acceptable for used as import fill.  

Structural fill should be placed and spread in layers, not to exceed 6 inch loose lifts, 
moisture conditioned within 2 percent of optimum moisture content during compaction. 
Structural fill should be compacted to a minimum 95 percent RC beneath footings, slabs, 
mat foundations, and around structures, and a minimum 90 percent RC elsewhere per 
ASTM D 1557.  
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5.2 Dewatering 
Groundwater was not encountered in the soil borings to the depths drilled at the project 
site. Proposed excavation depths for structure foundation construction are not expected to 
exceed 12 feet bgs. Based on the available data, the historic high groundwater-level depth 
in the vicinity of the project site is approximately 35 feet bgs. Therefore, we do not expect 
encountering groundwater during construction excavation. Control of stormwater, which 
may necessitate dewatering, will be needed during construction. Diversion berms, ditches, 
or other means should be employed to reduce stormwater flow into excavations or other 
construction areas. Best Management Practices should be implemented to reduce erosion 
and sedimentation during construction.  

5.3 Trenching and Temporary Excavations 
All temporary excavations should be performed in accordance with the safety requirements 
of the California Occupational Safety and Health Act and should be the responsibility of the 
contractor. Soil types may mandate different types/styles of bracing or excavation support; 
however, regardless of soil type, excavation depth and configuration drive the requirement 
to brace or not to brace. 

Temporary excavation bracing should be designed to protect adjacent traffic, utilities, and 
construction personnel. Suitable factors of safety should be used in the contractor’s sheeting 
and bracing design. The design of the support system for the excavation walls is the 
responsibility of the contractor. The contractor should develop means and methods based 
on experience and availability of materials for constructing the required elements. 
Performance of the temporary construction must conform to the requirements stated in 
the contract documents. 

5.4 Excavation Requirements 
Based on observations during the subsurface investigation and results of laboratory tests, 
the soils at the site can be excavated with common earth-moving equipment. No field 
demonstrations have been conducted on the types of earth-moving equipment that can be 
used to grade the site. However, because of the loose to medium dense surface soils at the 
project site, it is anticipated that relatively easy excavations will be encountered. All 
excavations should incorporate applicable safety provisions of city, county, state, and 
federal regulations. 

5.5 Geotechnical Inspection and Testing 
All grading and excavation should be performed under the observation and testing of the 
geotechnical consultant at the following stages: 

• Upon completion of site clearing 
• During subgrade and foundation excavation and re-compaction 
• During structural fill or engineered fill placement 
• After completion of foundation excavations and prior to placement of concrete 
• When any unusual or unexpected geotechnical conditions are encountered 
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5.6 Review of Construction Plans and Specifications 
The final project plans and specifications should implement the recommendations presented 
in this report and should be reviewed by the project geotechnical consultant. 
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