
Appendix P 
Geotechnical Investigation 



 
 



REPORT 
PRELIMINARY GEOTECHNICAL 
INVESTIGATION 
PROPOSED HYDROGEN ENERGY 
CALIFORNIA PROJECT (HECA) 
KERN COUNTY, CALIFORNIA 
 
PREPARED FOR: 
HYDROGEN ENERGY 
INTERNATIONAL, LLC 
URS JOB No. 28067571 
 
APRIL 14, 2009 



 



R:\09 HECA Final\App P\App P.doc 



 



R:\09 HECA Final\App P\App P.doc i  

TABLE OF CONTENTS 
1.0 INTRODUCTION.......................................................................................................................... 1 

1.1 DESCRIPTION OF PROPOSED CONSTRUCTION........................................................... 1 
1.2 PURPOSE AND SCOPE OF INVESTIGATION.................................................................. 2 
1.3 ABSTRACT OF FINDINGS AND RECOMMENDATIONS .............................................. 7 

2.0 PROJECT SITE CONDITIONS .................................................................................................. 8 
2.1 REGIONAL GEOLOGY....................................................................................................... 8 
2.2 PROJECT SITE GEOLOGY................................................................................................. 8 
2.3 FAULTING AND SEISMICITY........................................................................................... 9 
2.4 GROUNDWATER CONDITIONS....................................................................................... 9 
2.5 POTENTIAL GEOLOGIC AND SEISMIC HAZARDS..................................................... 10 

3.0 SUBSURFACE CONDITIONS .................................................................................................. 12 
3.1 SURFACE DESCRIPTION ................................................................................................ 12 
3.2 STRATIGRAPHY AND MATERIAL PROPERTIES........................................................ 12 
3.3 GROUNDWATER ELEVATIONS .................................................................................... 13 
3.4 UNDERGROUND OBSTRUCTIONS ............................................................................... 13 

4.0 FIELD INVESTIGATION.......................................................................................................... 13 
4.1 PROJECT SITE RECONNAISSANCE .............................................................................. 13 
4.2 FIELD EXPLORATION SUMMARY................................................................................ 14 
4.3 DRILLING AND SAMPLING............................................................................................ 14 
4.4 CONE PENETRATION TESTING..................................................................................... 15 
4.5 PERCOLATION TESTING................................................................................................ 15 
4.6 RESISTIVITY AND CORROSIVITY TESTING............................................................... 15 

5.0 LABORATORY TESTING ........................................................................................................ 15 

6.0 SEISMIC ANALYSIS.................................................................................................................. 16 

7.0 FOUNDATION CONSIDERATIONS ....................................................................................... 16 
7.1 FOUNDATION CONSTRAINTS....................................................................................... 16 
7.2 FACTORS AFFECTING FOUNDATION SELECTION ................................................... 17 
7.3 FOUNDATION OPTIONS ................................................................................................. 18 

8.0 PROJECT SITE EARTHWORK............................................................................................... 18 
8.1 GRADING SCENARIOS.................................................................................................... 18 
8.2 SITE PREPARATION ........................................................................................................ 19 
8.3 COMPACTION CRITERIA ............................................................................................... 20 
8.4 IMPORT MATERIALS ...................................................................................................... 21 
8.5 SHRINKAGE FACTOR ..................................................................................................... 21 
8.6 TEMPORARY EXCAVATIONS ....................................................................................... 21 
8.7 PERMANENT CUT AND FILL SLOPES .......................................................................... 22 
8.8 PERIMETER BERMS......................................................................................................... 22 
8.9 TEMPORARY SHORING.................................................................................................. 22 

9.0 LATERAL EARTH PRESSURES ............................................................................................. 23 

10.0 SHALLOW FOUNDATIONS..................................................................................................... 24 
10.1 BEARING CAPACITY....................................................................................................... 24 
10.2 STATIC SETTLEMENTS .................................................................................................. 24 
10.3 SEISMICALLY INDUCED SETTLEMENTS ................................................................... 25 



R:\09 HECA Final\App P\App P.doc ii  

10.4 RESISTANCE TO LATERAL LOADS.............................................................................. 25 
11.0 TANK FOUNDATIONS.............................................................................................................. 25 

11.1 BEARING CAPACITY....................................................................................................... 25 
11.2 ESTIMATED TANK SETTLEMENT ................................................................................ 26 
11.3 HYDROTEST ..................................................................................................................... 26 

12.0 DRIVEN PILE FOUNDATIONS ............................................................................................... 26 
12.1 AXIAL CAPACITIES......................................................................................................... 27 
12.2 LATERAL PILE CAPACITIES.......................................................................................... 28 
12.3 SETTLEMENT OF DRIVEN PILES .................................................................................. 29 

13.0 CIDH PILE FOUNDATIONS..................................................................................................... 29 
13.1 AXIAL CAPACITIES......................................................................................................... 29 
13.2 LATERAL CAPACITIES................................................................................................... 30 
13.3 SETTLEMENT OF CIDH PILES........................................................................................ 31 

14.0 SLAB-ON-GRADE ...................................................................................................................... 31 

15.0 PAVEMENT STRUCTURAL SECTIONS ............................................................................... 32 

16.0 DYNAMIC SOIL PROPERTIES ............................................................................................... 33 

17.0 SURFACE DRAINAGE .............................................................................................................. 36 

18.0 ADDITIONAL FIELD EXPLORATIONS................................................................................ 36 

19.0 DESIGN REVIEW....................................................................................................................... 36 

20.0 CONSTRUCTION MONITORING........................................................................................... 36 

21.0 LIMITATIONS ............................................................................................................................ 37 

22.0 REFERENCES............................................................................................................................. 39 

 



R:\09 HECA Final\App P\App P.doc iii  

LIST OF TABLES 

Table 1 HECA Preliminary Power Plant Equipment and Foundation Load 
Table 2 Boring and CPT Locations 
Table 3 Seismic Design Parameters 
Table 4 Allowable Axial Pile Capacities – Concrete & Sheet Piles 
Table 5 Lateral Pile Capacities (Pre-Stressed Concrete Pile) 
Table 6 Lateral Pile Capacities (Steel HP14×102) 
Table 7 Axial Capacities – CIDH Piles 
Table 8 Lateral Capacities – CIDH Piles 
Table 9 Recommended Minimum Thickness of Flexible Pavements 
Table 10 Dynamic Soil Properties:  SCPT-1 
Table 11 Dynamic Soil Properties:  SCPT-2 

LIST OF FIGURES 

Figure 1 Vicinity Map 
Figure 2 Plot Plan 
Figure 3 Cross Section A-A' 
Figure 4 Cross Section B-B' 
Figure 5 Settlement Curves for Scenario-1 Foundation Widths < 10 feet 
Figure 6  Settlement Curves for Scenario-2 Foundation Widths < 10 feet 
Figure 7  Settlement Curves for Scenario-2 Foundation Widths >10 feet 
Figure 8  Settlement Curves for Scenario-3 Foundation Widths <10 feet 
Figure 9  Settlement Curves for Scenario-3 Foundation Widths >10 feet 

LIST OF APPENDICES 

Appendix A  Drilling and Sampling Program 
Appendix B Cone Penetration Testing Program 
Appendix C Percolation Testing Program 
Appendix D Corrosivity Testing 
Appendix E Laboratory Testing 
Appendix F Geotechnical Laboratory Testing 



 
 

 



 
 

R:\09 HECA Final\App P\App P.doc 1  

1.0 INTRODUCTION 

This report presents the results of a preliminary geotechnical investigation performed by 
URS Corporation (URS) in support of a proposed Integrated Gasification Combined 
Cycle (IGCC) project for Hydrogen Energy California (HECA).  The IGCC facility will 
be located in western Kern County, California.  The location of the Project Site relative to 
existing topographic features is shown on the Vicinity Map, Figure 1. 

Conclusions and recommendations presented in this report are preliminary and based on 
subsurface conditions encountered at the locations of widely spaced explorations.  Soil 
and groundwater data were observed and interpreted at the location of our field 
explorations only.  Conditions may vary between exploration locations and should not be 
extrapolated to other areas without our prior review. 

1.1 DESCRIPTION OF PROPOSED CONSTRUCTION 

The HECA Project Site is relatively flat, and is currently developed as agricultural fields 
with irrigation and drainage canals and structures in the center and the northwestern 
corner of the Project Site.  The Project Site covers approximately 473 acres in surface 
area.  The proposed Project components are planned to be constructed anywhere within 
the northern half of this Project Site. 

The proposed major components will include coke, coal, and fluxant feedstock handling 
equipment and storage facilities; air separation unit; gasification facility; syngas cleanup 
and desulfurization; sulfur recovery unit; cooling towers; CO2 compression equipment; 
gasifier solids handling, storage, and loading equipment; a combined-cycle power block, 
electrical interconnection facilities; and a wastewater treatment facility. 

Office buildings and parking spaces also will be constructed at strategic locations on the 
Project Site, as well as other smaller buildings, including a control room, laboratory, 
medical center, and maintenance and equipment control shelters.  Ten to thirteen foot soil 
berms may be constructed along the Project Site perimeter. 
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Shallow foundations, including mat foundations, are being considered to facilitate 
efficient interaction between critical equipment components.  Deep foundations are also 
being considered for support of some of the heavier loaded units. 

Preliminary weights and dimensions of major units and components as provided by the 
project civil and structural engineers from Fluor Corporation (Fluor) of Aliso Viejo, 
California are presented in Table 1 – HECA Power Plant Equipment and Foundation 
Loads.  A layout of the Project Site showing the locations of the proposed units and 
equipment is presented on Figure 2. 

1.2 PURPOSE AND SCOPE OF INVESTIGATION 

The purpose of our investigation was to explore and evaluate the subsurface conditions at 
the Project Site and develop preliminary foundation options and geotechnical 
recommendations for design and construction of the Project.  The scope of our services 
included performing the following tasks: 

• Project Site reconnaissance to review existing site features and proposed 
exploration locations; 

• A field exploration program involving drilling and sampling of five 
borings and eight cone penetration test (CPT) probes; 

• Laboratory testing of selected soil samples obtained from the borings to 
evaluate in situ moisture/density, index properties, shear strength, and 
other pertinent properties of the soils; 

• Provide the seismic design parameters per the 2007 California Building 
Code (CBC); 

• Evaluate the potential for liquefaction and seismically induced 
settlements;  
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• Engineering analyses to develop geotechnical recommendations for design 
and construction of the Project; and 

• Preparation of this preliminary engineering report. 

Table 1 
HECA Preliminary Power Plant Equipment and Foundation Loads 

ID Nos. Description Loads  

Existing 
Ground 
Surface 

Elevation 
(ft MSL) 

Planned 
Rough 
Grade 

Elevation 
(ft MSL)  

Foundation 
Type 

Reference 
Boring/ 

CPT 

A 
ASU Main Air 

Compressor skid 
mounted 

50 x 75 foundation mat 
with average 

equipment/foundation 
load of 3000 psf 

287 289.3 MAT SCPT-1 

B Liquid O2 Storage 
tank 

Average 3300 psf load in 
the center and 4000 psf 

under tank wall. 
287 288.5 Ring Wall SCPT-1 

C Air Separation Column 

Operating weight 2000 
kips, 40’ octagon footing 
weight 1000 kips.. OTM= 

20,000 kft 

287 288.5 MAT SCPT-1 

- Inactive Feed Stock 
(Coke/Coal) Storage Coke/Coal density 50 pcf. 285 286.3  coal pile at 

grade CPT-3 

- Feed Stock Truck 
unloading station n/a 285 288.5   CPT-3 

D Feedstock Storage 
Silos 

Each silo has product 
weight of 10, 000 tons, 

Silo weight 500 tons each 
supported on 12 steel 

column circular structure. 

285 288.5 MAT CPT-3 

E Slurry Prep Building 

Building column spacing 
20' to 25' centers with 

estimated load of 100 to 
300 tons each. Grinding 

mill on mat footing 
44'x48’ with average soil 

loading of 3000 psf. 

286 288.5 Column & 
MAT B-3 
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Table 1 
HECA Preliminary Power Plant Equipment and Foundation Loads 

ID Nos. Description Loads  

Existing 
Ground 
Surface 

Elevation 
(ft MSL) 

Planned 
Rough 
Grade 

Elevation 
(ft MSL)  

Foundation 
Type 

Reference 
Boring/ 

CPT 

F Slurry Run Tanks (3) Estimated Column Load 
100 to 200 tons. 286 288.5 Column B-3 

G 

Gasifier Structure 
housing 3 gasifiers, 
drums, exchangers, 

coolers 

Column loads 300 to 800 
kips.  286 288.5 Column or 

MAT B-3 

J CO2 Compressor  1000 kips 288 288.5 MAT SCPT-2 

12 AGR Methanol 
Column 

Operating weight, 2500 
kips, 40’ dia octagon 

footing weight 900 kips. 
OTM = 25,000 kft 

287 288.5 Octagon 
MAT B-3 

K Steam Turbine 
Pedestal 

Foundation mat 
50’x110’x 6’ thick with 
average load of 2000 psf 
and max column load of 
400 kips @ 20' center. 

287 288.5 MAT CPT-5, 
SCPT-1 

L Combustion Turbine 
Generator foundation 

30’x90’x6’ thick mat with 
average load of 2500 psf. 287 288.5 MAT CPT-5 

2 Cooling Tower Basin  Average load 2500 psf 288.5 288.5 MAT SCPT-2 

M1 & 4 HRSG Structure  

Mat foundation 
approximately 

40’x150’x4’ thick 
supporting structure 

columns ( 3 rows long 
direction) spaced at 10 to 
14’ centers. Average load 

of 3500 psf. The stack 
will be on 40’ dia octagon 
footing with average load 
of 4000 psf without wind. 

287 288.5 HRSG 
MAT        CPT-5 

Q 
Grey Water Tank  

full of water 286 288.5 Octagon 
MAT B-3 
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Table 1 
HECA Preliminary Power Plant Equipment and Foundation Loads 

ID Nos. Description Loads  

Existing 
Ground 
Surface 

Elevation 
(ft MSL) 

Planned 
Rough 
Grade 

Elevation 
(ft MSL)  

Foundation 
Type 

Reference 
Boring/ 

CPT 

R Settler  full of water 286 288.5 Octagon 
MAT B-3 

S Methonal Storage tank Full of Methanol 286 288.5 Ring Wall SCPT-2 
T Sour Water Stripper  full of water 287 288.5 Ring Wall SCPT-2 

U Process Waste Water  full of water 285 288.5 Ring Wall B-3, CPT-
5 

V Condensate Storage  full of water 287 288.5 Ring Wall CPT-5 
W Demin Water full of water 287 288.5 Ring Wall CPT-5 
X Fire water storage full of water 286 288.5 Ring Wall CPT-5 
Y Raw Water Tank full of water 288 288.5 Ring Wall CPT-5, 2 
Z Treated Water Tank full of water 288 288.5 Ring Wall CPT-5, 2 

Z 

Waste Water 
Treatment- single story 

building housing 
pumps, chemical tanks 

and storage room. 
Outside, Clarifiers, 
thickeners, and soft 

water tanks 

Tanks pressure at grade 
2500 to 3200 psf. 

Building column load 30 
to 100 ton 

288 288.5 

Ring Wall 
for tanks 

and column 
footings 

CPT-5, 2 

8, 10, 
13 

Elevated Flare& Vent 
Stacks 

40’x 40’x 4’ thick mat 
with average load of 

3000psf. 
287 288.5 MAT B-3, CPT-

5 

- 

Buildings, Control 
Room, Administration, 

laboratory, 
Maintenance Shop & 

Warehouse. Medical & 
Fire Engine facility.  

One to two story metal 
buildings 

Column spaced at 20 to 30 
feet centers and load 30 to 
60 tons. Floor loading 300 
psf or 4 ton fork lift truck 

in maintenance and 
warehouse.  

285 288.5 Column CPT-1 

- Sulfur Pit n/a n/a  288.5 below grade 
pit   



 
 

R:\09 HECA Final\App P\App P.doc 6  

Table 1 
HECA Preliminary Power Plant Equipment and Foundation Loads 

ID Nos. Description Loads  

Existing 
Ground 
Surface 

Elevation 
(ft MSL) 

Planned 
Rough 
Grade 

Elevation 
(ft MSL)  

Foundation 
Type 

Reference 
Boring/ 

CPT 

- Misc. sumps n/a  n/a 288.5 below grade 
pit   

  Misc. sumps n/a  n/a 288.5 below grade 
pit   

  Misc. sumps  n/a  n/a 288.5     
O Electric Switch Yard n/a  n/a 287.3 Column   

  Storm Water Retention 
Basins n/a  n/a 289.0     

n/a = not available 
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1.3 ABSTRACT OF FINDINGS AND RECOMMENDATIONS 

Based on our investigation, there is no geologic or seismic hazard that would preclude the 
design or construction of the Project.  The subsurface conditions are generally favorable 
for support of the proposed Project units using either shallow or deep foundations, 
although a foundation scheme involving shallow foundations would likely require site 
improvement in order to limit foundation settlements.  The groundwater level is deep, 
and is expected to have minimal impact on the proposed construction. 

The upper 10 feet of soils materials, which affect the performance of shallow foundations 
as well as pavement structures, are generally fine-grained in nature with a potential for 
large settlements, as well as moderate to high expansion.  For proposed pavement 
structures and other flat work, the soil expansion potential can be mitigated by providing 
a few feet of compacted granular fill under pavements.  However, in order to limit the 
settlements under shallow foundations, significantly more site improvement will be 
necessary.  This report provides shallow foundation options and criteria for improvement 
of up to 10 feet of the soils under the footings to minimize foundation settlement. 

Alternatively, deep foundations bearing on the more competent granular soils below the 
upper fine-grained deposits may be considered for support of the Project.  In general, the 
use of deep foundations would preclude the need for significant grading at the site.  Deep 
foundation options using cast-in-drilled-hole (CIDH) piles and driven pre-stressed 
concrete or H-piles are discussed in this report. 

Based on the preliminary site grading layout information, it was determined that the 
elevation of the Process units should be raised about 2.5 feet nominally of site grading 
would be required to achieve the desired finished grade elevations for the different 
Project units above the existing ground surface elevation.  As the site is not flat, it will 
not be necessary to raise the entire area by this amount.  Table 1 illustrates the 
adjustments to be made to the significant Process areas to attain the desired rough grade 
elevation Prior to site grading, consideration should be given to address the upper 1 to 
2 feet of surficial soils which may contain materials with high moisture content and 
unsuitable for supporting load.  It is anticipated that these soils might need to be removed 
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and replaced with compacted fill.  The fill required for this purpose might need to be 
imported to the Project Site. 

Due to access constraints that prevented us from conducting detailed explorations within 
the agricultural fields, we are unable to ascertain the actual thickness and limits of the 
unsuitable surficial soils.  Therefore, we recommend that additional explorations be 
performed in the future when there is unrestricted access to obtain this information. 

2.0 PROJECT SITE CONDITIONS 

2.1 REGIONAL GEOLOGY 

The Project Site is located within the Great Valley Geomorphic Province of California.  
The Great Valley Province is an asymmetric trough filled with a thick sequence of 
sediments from Jurassic (180 million years ago) to Recent age.  The sediments within the 
valley range up to 10 kilometers in thickness and were mostly derived from erosion of the 
Sierra Nevada mountain range to the east, with lesser material from the Coast Range 
Mountains to the west. 

The southern portion of the Great Valley Province is characterized as being a nearly flat-
surfaced north trending trough bounded by the Coast Ranges to the west and Sierra 
Nevada Provinces to the east.  Tertiary rocks, which were deposited nearly continuously 
from Cretaceous to Pleistocene time, are largely of marine origin and underlie a relatively 
thin cover of Quaternary alluvium.  The Tertiary rocks overlie Jurassic-Cretaceous 
marine sedimentary rocks in the west side of the valley.  Northwest-trending anticlines in 
the Tertiary strata are reflected by the gas and oil fields and by low hills in the valleys. 

2.2 PROJECT SITE GEOLOGY 

Geomorphically, the Project Site is on the northeastern face of the Elk Hills which is an 
anticlinal uplift along the western periphery of the San Joaquin Valley.  The Elk Hills 
form the surface expression of an anticlinal fold composed of gravel and mudstone 
derived from the Coast Ranges to the west.  The Elk Hills are being dissected by 
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numerous streams that redeposit the material on an apron of small coalescing fans along 
the northeast flank of the hills which abut the much larger Kern River fan to the north. 

The Project Site surficial deposits are described as Quaternary age alluvial gravel and 
sand of valley areas.  Bedrock underlying alluvium at the Project Site is the Pliocene- to 
Pleistocene-age Tulare Formation which consists of alternating beds of sand and 
mudstone.  According to Dibblee (2005) these deposits are described as stream-laid, 
weakly indurated pebble gravels, sands, and clays; light gray in color; pebbles are 
composed chiefly of Monterey siliceous shale and debris from bedrock in adjacent 
Temblor Range. 

2.3 FAULTING AND SEISMICITY 

As with the rest of the San Joaquin Valley in Southern California, the Project Site is 
situated between two seismically active regions.  Our review of geologic literature did not 
identify the presence of any known active or potentially active faults on the Project site.  
The Geologic Map of the East Elk Hills and Tupman Quadrangles by Dibblee (2005) 
shows no faults mapped within the Project Site. 

The closest known faults classified as active by the State of California Geologic Survey 
(CGS) are the San Andreas Fault located approximately 20 miles to the west, the White 
Wolf fault located approximately 23 miles to the southeast, and the Pleito Thrust located 
approximately 27 miles south of the Project Site. 

2.4 GROUNDWATER CONDITIONS 

The Project Site is located in the Kern County Sub basin of the San Joaquin Valley 
Groundwater Basin.  Groundwater was not encountered in any of the borings drilled 
during our subsurface investigation to the maximum depths explored, 100 feet (Elevation 
+185 feet MSL at Boring B-3). 

A search of USGS National Water Information System groundwater well data identified 
wells (Well No. 030S24E14H001M) to the southeast of the Project Site having reported a 
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historic high groundwater level at about Elevation +247 feet MSL, corresponding to 
approximately 35 feet below the ground surface at the lowest portion of the Project Site.  

2.5 POTENTIAL GEOLOGIC AND SEISMIC HAZARDS 

Geologic and seismic hazards are those hazards that could impact a site due to the 
surrounding geologic and seismic conditions.  Geologic hazards include landsliding, 
erosion, subsidence, volcanic eruptions, and poor soil conditions.  Seismic hazards 
include phenomena that occur during an earthquake such as ground shaking, ground 
rupture, and liquefaction.  Our assessment of these hazards was based on guidelines 
established by the California Geological Survey (1997) and as outlined in CDMG Special 
Publication 117 (1999). 

Primary Ground Rupture 
Primary ground rupture is defined as the surface displacement which occurs along the 
surface trace of the causative fault during an earthquake.  According to the California 
Geological Survey, the Project Site is not currently located within an Alquist-Priolo 
Earthquake Fault Zone.  Based on our review of available geologic data, no other surface 
traces of active faults pass through the Project Site.  Therefore, the potential for primary 
ground rupture within the Project site during a seismic event is low. 

Ground Shaking 
The Project Site is susceptible to strong ground shaking generated during earthquakes on 
nearby faults.  The intensity of ground shaking, or strong ground motion, is dependent 
upon on the distance of the fault to the Project Site, the magnitude of the earthquake, and 
the underlying soil conditions.  This hazard can be mitigated if the building are designed 
and constructed in conformance with current building codes and engineering practices. 

Liquefaction  
Liquefaction is a phenomenon whereby loose, saturated, granular soils lose their inherent 
shear strength due to excess pore water pressure build-up such as that generated during 
repeated cyclic loading from an earthquake.  A low relative density of the granular 
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materials, shallow ground-water table, long duration and high acceleration of seismic 
shaking are some of the factors favorable to cause liquefaction. 

Due to presence of dense soils below the historic-high groundwater level, the conditions 
are unfavorable for liquefaction to occur at the Project Site.  Therefore, liquefaction 
impact may be considered low to remote. 

Seismically induced Dry Sand Settlement 
The potential for seismically induced settlement was evaluated using data from our 
current exploratory borings and CPTs and the results of the laboratory tests.  The analysis 
was performed based on the simplified procedure outlined in Youd and Idriss (2001).  A 
peak ground acceleration of 0.32g was used in the analysis (per 2007 CBC). 

In general, without considering any site improvement, the estimated seismic induced 
settlement of potentially susceptible sandy soils in the upper 50 feet is on the order of 
¼ inch.  Considering the anticipated earthworks to prepare the Project Site to support 
shallow foundations, the potential impact of this settlement at the foundation level is 
expected to be negligible.  Likewise, the potential impact to deep foundations is also 
expected to be negligible. 

Subsidence 
Subsidence ground failure can be aggravated by several causes including ground-shaking, 
withdrawal of large volumes of fluids from underground reservoirs, and also by the 
addition of surface water to certain types of soils (hydro-compaction).  Subsidence from 
any of the above causes accelerates maintenance problems on roads, lined and unlined 
canals, and underground utilities.  According to the Kern County General Plan Safety 
Element, the Project site is outside of the area of measured land subsidence between 1926 
and 1965 and mapped hydro-compaction; therefore, it is unlikely that future subsidence 
will occur at the Project Site and the potential impact to foundations is expected to be 
low. 



 
 

R:\09 HECA Final\App P\App P.doc 12  

Other Geologic and Seismic Hazards 
The existing topography at the Project Site does not provide sufficient relief that would 
cause concern from landslides.  Therefore, landsliding is not anticipated to pose a hazard 
to the Project Site.  No centers of potential volcanic activity occur within hundreds of 
miles of the Project Site.  Volcanic hazards, such as lava flows and ash falls, are therefore 
not anticipated to present a hazard to the proposed Project Site. 

Other seismic hazards include tsunamis, seiches, and differential soil settlement.  A 
tsunami is a great sea wave (commonly called a tidal wave) produced by a significant 
undersea disturbance such as tectonic displacement of the sea floor associated with large, 
shallow earthquakes.  A seiche is an oscillation of a body of water in an enclosed or semi-
enclosed basin (such as a reservoir, harbor, lake or storage tank) resulting from 
earthquakes or other large environmental disturbances.  The potential for tsunamis and 
seiches at the Project Site is nil to low due to the absence of oceans, lakes, or large bodies 
of water in the immediate area. 

3.0 SUBSURFACE CONDITIONS 

3.1 SURFACE DESCRIPTION 

The proposed Project Site occupies approximately 473 acres and is bounded on the north 
by Adohr Road and by Tupman Road to the east.  The Project Site is currently used for 
agricultural purposes.  Existing surface elevations generally vary from +282 to +291 feet 
above Mean Sea Level (MSL). 

3.2 STRATIGRAPHY AND MATERIAL PROPERTIES 

The Project Site is immediately underlain by approximately 10 feet of fine-grained soils 
comprising predominantly of clays and silty clays.  These upper soils are further 
underlain by granular soils to the maximum depth explored in the borings of 100 feet 
below the existing ground surface. 

The upper clayey soils are observed to possess a medium stiff consistency, although the 
top half (about 5 feet) is generally soft and wet as a result of recent agricultural use.  The 
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underlying sandy soils consist of interbedded layers of sands, silty sands, and sandy silts 
of the Tulare Formation with varying degrees of consistencies from medium dense to 
very dense.  Below 30 feet, the sandy soils become dense, grading denser to the 
maximum depth explored in the borings (100 feet). 

3.3 GROUNDWATER ELEVATIONS 

Groundwater was not encountered in any of the borings drilled during the current 
investigation.   As discussed in Section 2.4, the depth to the historic-high groundwater 
level is expected to be greater than 35 feet below existing ground surface at the lowest 
portion of the Project Site with an Average Elevation of 285 feet.  Groundwater is not 
expected to have a significant impact to the design and construction of this Project. 

3.4 UNDERGROUND OBSTRUCTIONS 

No underground obstruction was encountered in any of the borings and CPTs during the 
current investigation. 

4.0 FIELD INVESTIGATION 

4.1 PROJECT SITE RECONNAISSANCE 

Prior to initiating any fieldwork URS personnel performed a reconnaissance to observe 
the existing site conditions and to identify and mark the proposed field exploration 
locations.  Boring locations were discussed and established with Flour on the Project base 
maps and then located by URS in the field.  The preliminary borings and CPTs were 
typically spaced between 650 feet to 1,600 feet and were located in the vicinity of 
proposed major units and equipment.  As necessary, borings were relocated in the field 
depending upon access conditions and other constraints. 

Two (2) cross sections generally depicting the existing surface elevation profile, the 
proposed equipment pad elevations and the relative locations of pertinent borings and 
CPTs are shown in Figures 3 and 4. 
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4.2 FIELD EXPLORATION SUMMARY 

The field exploration drilling and CPT program was initiated on January 27, 2009 and 
completed on January 29, 2009 under the technical supervision of a representative from 
URS.   Boring and CPT coordinates are based on the State Plane Coordinates (U.S. Feet) 
NAD 83 Zone V.  The locations of the borings and CPTs are shown on the Plot Plan, 
Figure 2 and summarized below in Table 1. 

Table 2 
Boring and CPT Locations 

LOCATION 
DEPTH 
(FEET) 

NORTHING     
(FEET) 

EASTING 
(FEET) 

ELEVATION      
(FEET MSL ) 

B-1 61.5 2312525 6146300 286.5 
B-2 61.5 2312038 6150425 287 
B-3 101.5 2309263 6148300 286 
B-4 61.5 2307788 6146913 288 
B-5 61.5 2307825 6150388 291 

CPT-1 60 2312263 6148400 286 
CPT-2 65 2310925 6146863 286 
CPT-3 60 2310900 6148338 285.5 
CPT-4 60 2310900 6151013 287 
CPT-5 74 2309325 6146900 287 
CPT-6 60 2309288 6151013 287 

SCPT-1 78 2308588 6147163 288 
SCPT-2 82 2308588 6148075 286 

4.3 DRILLING AND SAMPLING 

Five (5) geotechnical borings (B-1 through B-5) were drilled using a truck-mounted, 
hollow-stem drill rig by URS’s subcontractor, Gregg Drilling and Testing of Signal Hill, 
California.  The borings were drilled and sampled to depths of 61.5 feet to 101.5 feet 
below the existing ground surface.  A detailed description of our drilling program, 
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including boring logs, key to the boring logs and other pertinent information, is presented 
in Appendix A. 

4.4 CONE PENETRATION TESTING 

Eight  CPT soundings (CPT-1 through CPT-6, SCPT-1 and SCPT-2) were advanced to 
depths ranging from 60 to 82 feet below the existing ground surface using a 20-ton 
capacity cone rig.  All CPT soundings were performed in accordance with ASTM Test 
Method D-5778.  A seismic cone was used at SCPT-1 and SCPT-2 to obtain dynamic soil 
property correlations.  A detailed description of the CPT exploration program, including 
graphical CPT logs and shear wave velocity data, is presented in Appendix C. 

4.5 PERCOLATION TESTING 

Percolation testing was performed to evaluate the feasibility of constructing percolation 
basins at the Project Site.  Two test holes (PT-1 and PT-2) were drilled for this purpose at 
the locations shown on Figure 2.  A detailed description of the testing procedure and the 
result of the percolation testing are presented in Appendix CB. 

4.6 RESISTIVITY AND CORROSIVITY TESTING 

In-situ resistivity tests were performed at selected locations at the Project Site by URS’s 
sub-consultant, Schiff and Associates of Claremont, California.  The tests were 
performed using the Wenner Four-Pin Method per ASTM G57. 

Soil samples were also collected in the field and tested in the laboratory to assess 
corrosivity effects on underground utilities and concrete foundations.  Results of the field 
resistivity and corrosivity tests, and specific recommendations for the protection of 
underground utilities and concrete foundations are provided in Appendix D. 

5.0 LABORATORY TESTING 

Soil samples obtained from the borings were packaged and sealed in the field to prevent 
moisture loss and disturbance and transported to URS’ Los Angeles laboratory where 
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they were further examined and classified.  Index and strength tests were performed on 
selected soil samples in accordance with ASTM standards.  A detailed description of the 
laboratory testing program and results are presented in Appendix E. 

6.0 SEISMIC ANALYSIS 

The subsurface conditions in the upper 100 feet at the Project Site consist of medium 
dense to very dense sands with Standard Penetration Test (SPT) blow counts of 15 to 50, 
to stiff cohesive soils with undrained shear strength of 1,000 to 2,000 psf.  This range of 
soil properties generally corresponds to a Site Class D in accordance with the 2007 CBC.  
Seismic design parameters according to the 2007 CBC are summarized below in Table 2. 

Table 3 
Seismic Design Parameters 

Site Class Definition D 

Spectral Acceleration, SS 1.114 

Spectral Acceleration, S1 0.50 

Site Coefficient, Fa 1.054 

Site Coefficient, Fv 1.5 

Design Spectrum, SDS = 2/3 SMS 0.783 

Design Spectrum, SD1 = 2/3 SM1 0.5 

Maximum Considered SMS =  Fa x Ss 1.174 

Maximum Considered SM1 =  Fv x S1 0.75 

7.0 FOUNDATION CONSIDERATIONS 

7.1 FOUNDATION CONSTRAINTS 

In developing preliminary foundation recommendations for the Project, we have used the 
weights and dimensions of major units and components provided by Fluor, as shown on 
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Table 1.  We have also assumed that about 2½  feet of fill may be required to bring some 
portions of the Project Site to the desired finish surface elevations of + 288.55 feet MSL. 

Based on discussions with Fluor, it is desired to limit static foundation settlements and 
differential settlements to 1 inch and ½ inch, respectively.  It is also desired to limit post-
construction or any seismic-related settlement to ½ or less for settlement sensitive 
structures. 

Anticipated settlements are expected to be primarily due to elastic compression and 
consolidation of the underlying materials under the anticipated foundation loading 
conditions.  Based on our analysis, seismically induced foundations are expected to be 
negligible. 

7.2 FACTORS AFFECTING FOUNDATION SELECTION 

Based on the data from the preliminary exploratory borings and CPTs, fine-grained soils 
are anticipated in the upper 10 feet at the Project Site.  These upper soils are expected to 
be unsuitable for direct support of shallow foundations and when subject to the Project 
loading conditions, there may be large magnitudes of settlement from consolidation of 
these materials.  The consolidation of these materials could take a long time to complete. 

The upper fine-grained soils are further underlain by interbedded layers of medium dense 
to dense sands and silty sands.  At a depth of about 30 feet below existing grade, these 
sandy soils become dense, and then grade to very dense to the maximum depth explored 
in the borings, 100 feet. 

The surficial 1 to 2 feet of the Project Site soils were also observed to consist 
predominantly of clayey soils containing high moisture and remnants of vegetation from 
past and current agricultural use.  As part of Project Site preparation (see Section 8.2), 
URS recommends that these surficial wet and unsuitable soils be removed prior to 
placement of any new fill.  It is possible that these wet, surficial soils could extend 
several more feet below the surface; however, access restrictions into the agricultural 
fields prevented adequate delineation of the thickness and extent of the surficial wet and 
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unsuitable soils during the current investigation.  Therefore, additional explorations 
should be carried out in the future to obtain this information. 

7.3 FOUNDATION OPTIONS 

When considering shallow foundations for support of the Project components, we 
anticipate that in majority of the cases, improvement of the soils through overexcavation 
and recompaction or replacement of unsuitable soils using compacted, imported 
materials, may be required in order to minimize foundation settlement.  Based on the 
preliminary results, URS offers three foundation scenarios to be considered: 

Option 1–On a preliminary basis, a nominal 5 feet of soil improvement should provide 
support for light equipment on spread footings.  Deep (pile) foundations as described in 
option 3 may be found necessary for specific cases  

Option 2–However, in order to provide adequate support for some of the heavier Project 
components, additional site improvement up to 10 feet below the footings may be 
required in order to meet settlement requirements.  Deep (pile) foundations as described 
in option 3 may be found necessary for specific cases 

Option 3–Alternatively, deep foundations established in the underlying granular deposits 
may be used for support of the Project components.  In general, the use of deep 
foundations would minimize or preclude the need for significant site improvement.  Cast-
in-drilled-hole (CIDH) piles or driven, pre-stressed concrete or H-piles should provide 
adequate support for the Project units.  In order to obtain adequate bearing capacities, the 
piles would need to be established within the dense soils at depths of 30 feet or more. 

8.0 PROJECT SITE EARTHWORK 

8.1 GRADING SCENARIOS 

Shallow foundations (spread footings or mats) are being considered as the primary 
foundation scheme for supporting the major units and equipment.  In order to limit total 
and differential settlements, structural fill should be provided under spread footings or 
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mats.  The final thickness of the engineered fill may vary depending upon the sensitivity 
of the structure.  In order to evaluate the efficiency of the shallow foundation scheme, 
URS analyzed several soil improvement scenarios including the following: 

Scenario 1 – This is the baseline scenario provides a nominal 5 feet of engineered fill 
under the footings.  The engineered fill would consist of either compacted on-site or 
imported soils.  The resulting engineered fill is anticipated to be suitable for support of 
small, lightly loaded structures. 

Scenario 2 – This scenario extends the fill thickness from 5 feet (Scenario 1) to about 
10 feet under the footings.  Consideration is given to re-use the soils from depths of 5 feet 
to 10 feet which generally comprise clayey and silty soils, thereby minimizing import.  
Due to the possible high moisture contents of these soils, preparation of the fill may be 
required to bring the soil moisture contents to within optimum for proper compaction. 

Scenario 3 – This is similar to Scenario 2, except that it involves complete importation of 
the materials used as engineered fill.  In this scenario, the entire column of fine-grained 
soils that can contribute to foundation settlement is completely removed and replaced 
with compacted import materials, thereby allowing the use of higher bearing pressures 
for foundation design while keeping settlements within the prescribed levels. 

Estimated static settlements of shallow foundations under the above scenarios are 
discussed in Section 10.2. 

8.2 SITE PREPARATION 

Placement of engineered fill will be necessary to prepare the uniform graded pads for the 
various equipments and units and to establish finished site grades.  Prior to general site 
grading, any debris, existing structures, pavements, rubble, existing undocumented fill, or 
vegetation should be removed and disposed of outside the construction limits.  This should 
include the surficial soils that are highly plastic and contain organic materials. 
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On a preliminary basis, the engineered fill should extend a minimum 5 feet beyond the 
edge of shallow foundations, or equal to the thickness of fill under the foundation 
whichever is greater.  All active or inactive utilities within the construction limits should be 
identified for relocation, abandonment, or protection prior to grading.  Any pipes greater 
than 2 inches in diameter to be abandoned in-place should be filled with sand/cement slurry.  
The adequacy of existing backfill around utilities to remain in place under new structures 
should be evaluated; loose or dumped trench backfill should be removed and replaced with 
properly compacted backfill. 

Following site stripping and any required overexcavation, URS recommends that all areas to 
receive fill or to be used for the future support of structural loads, be proofrolled with a 
rubber-tired loader or other heavy equipment to locate any soft or loose zones.  All 
loose/soft or otherwise unsuitable areas should be removed or compacted in-place.  If the 
disturbed zone is greater than about 12 inches in depth, in-place compaction will be difficult, 
and additional over-excavation and compaction will be needed.  Upon completion of 
proofrolling and any required overexcavation, fills and backfills may be placed in 
accordance with the recommendations presented in the following sections. 

8.3 COMPACTION CRITERIA 

Fills and backfills should be placed in loose lifts not exceeding 8 inches in thickness and 
moisture conditioned as required to achieve near-optimum or about 2 to 3 percent above 
the optimum moisture content.  All fills and backfills should be compacted with uniform 
passes using mechanical compaction equipment. 

All fills and backfills providing structural support should be compacted to at least 
95 percent of the maximum dry density per ASTM D-1557.  This should include all areal 
fills placed to raise the Project site grade and fills and backfills providing passive 
resistance for footings and pile caps, as well as support for pavements and slabs-on-
grade.  Predominately fine-grained, structural fills as well as non-structural fills may be 
compacted to at least 90 percent per ASTM D-1557. 
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The recommended minimum compaction testing frequency is 1 test per every 500 cubic 
yards of fill placed.  In addition, from top of grade to 2 feet below the bottom of the 
foundation, the testing frequency is 1 test per 5,000 square feet per foot lift.  Below that, 
it is 1 test per 10,000 square feet per foot lift. 

8.4 IMPORT MATERIALS 

.All imported fill and backfill soils should be predominantly granular, non-expansive, less 
than 3 inches in any dimension and be free of organic and inorganic debris.  All fill and 
backfill materials should be observed and tested by the geotechnical engineer prior to 
their use in order to evaluate their suitability.  Fill materials with any appreciable amount 
of fines (greater than 35 percent passing the #200 sieve) should be observed and tested by 
the geotechnical engineer prior to their use. 

8.5 SHRINKAGE FACTOR 

The average density of soil samples tested in the upper 10 feet was used to estimate the 
shrinkage factor of on-site clayey soils when compacted to the Project specifications.  
Based on our analysis, the shrinkage is about 15 percent and the shrinkage factor is 
about 0.85 when the soils are removed and recompacted to at least 90 percent of the 
maximum dry density. 

8.6 TEMPORARY EXCAVATIONS 

All excavations should comply with the current California and Federal OSHA 
requirements, as applicable.  All cuts greater than 5 feet in depth should be sloped and/or 
shored.  Flatter slopes will be required if clean and/or loose sandy soils are encountered 
along the slope face.  Steeper cuts may be utilized for cuts less than 5 feet deep 
depending on the strength and homogeneity of the soils as observed in the field. 

During wet weather, runoff water should be prevented from entering the excavation, and 
collected and disposed of outside the construction limits.  To prevent runoff from 
adjacent areas from entering the excavation, a perimeter berm should be constructed at 
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the top of the slope.  Heavy construction equipment, building materials, excavated soil 
stockpiles and vehicle traffic should not be allowed near the top of the slope within a 
horizontal distance equal to the depth of the excavation. 

8.7 PERMANENT CUT AND FILL SLOPES 

All permanent fill and cut slopes should be constructed at 2(h):1(v) or flatter.  Benching 
should be performed during construction of all fill slopes for existing ground surface that 
is at 5(h): 1(v) or steeper. 

8.8 PERIMETER BERMS 

Surplus soils generated from the site grading activities may be used for construction of 
proposed berms along the Project perimeters.  The exact height of the berms will depend 
on the amount of surplus soils generated from the site.  In general, berms should be set 
back an adequate distance so as not to affect any sensitive structures or utilities.  The 
berm fill may be compacted to at least 90 percent per ASTM D-1557. 

8.9 TEMPORARY SHORING 

If the available space within the excavations will not permit sloping or benching of 
excavations, a temporary shoring system will be required.  It is assumed that the 
temporary shoring will be in place for a few weeks only.  Shoring systems typically 
consist of a soldier pile and lagging retention system; either tied-back, internally braced, 
or cantilevered. 

On a preliminary basis, typical soldier piles consist of steel H-sections installed in 
predrilled holes.  The holes should be backfilled below the planned bottom of the 
excavation with structural concrete and with lean concrete above.  Horizontal spacing 
between soldier piles should be limited to about 8 feet.  Treated timber lagging may be 
required in sandy zones.  Any space between the lagging and excavation should be filled 
with lean concrete with provisions for weepholes to reduce the potential for buildup of 
hydrostatic pressure. 
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The temporary shoring system should be designed to resist lateral earth pressures plus 
additional horizontal pressures imposed by foundations of adjacent structures.  
Temporary cantilevered shoring should be designed for a triangular load distribution 
equivalent to the pressure exerted by a fluid weighing 35 pounds per cubic foot (pcf).  
For an areal surcharge placed adjacent to the shoring, an equivalent, horizontal 
(rectangular) pressure equivalent to thirty (30) percent of the surcharge may be assumed 
to act along the entire length of the shoring. 

Soldier piles must extend below the excavation bottom to provide lateral resistance by 
passive soil pressure.  Allowable passive pressures may be taken as equivalent to the 
pressure exerted by a fluid weighing 250 pcf to a maximum value of 2,000 psf.  To 
account for three-dimensional effects, the lateral pressure may be assumed to act on an 
area twice the pile width.  The above values for passive pressure incorporate a factor of 
safety of at least 1.5. 

9.0 LATERAL EARTH PRESSURES 

Walls should be designed to resist the earth pressure exerted by the retained soils, plus 
any additional lateral forces that will be applied to the walls due to surface loads placed 
at, or near the top, those due to potential ground water build-up and seismic loads.  
Adequate provisions are required to counteract the effects of hydrostatic pressure, as 
recommended previously.  Free-draining backfill should be used behind portions of walls 
above the design ground-water level.  Provisions should be made to collect and dispose 
of water that may accumulate behind the walls. 

The at-rest earth pressure against walls with a level-backfill that are restrained at the top 
can be taken as equivalent to the pressure exerted by a fluid weighing 55 pcf.  Fifty 
percent of any uniform areal surcharge placed at the top of a restrained wall will act as a 
uniform horizontal pressure over the entire height of the wall. 

Walls that are not restrained at the top may be designed for an active earth pressure 
developed by an equivalent fluid weighing 35 pcf.  Thirty percent of any uniform 
surcharge will act as a uniform horizontal pressure over the entire height of the wall. 
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The above lateral earth pressures do not include any hydrostatic pressure.  Therefore, 
wall backfill should be free draining and provisions should be made to collect and 
dispose of water that may accumulate behind the walls.  Light equipment should be used 
during backfill compaction to avoid possible overstressing of walls. 

10.0 SHALLOW FOUNDATIONS 

10.1 BEARING CAPACITY 

Based on the grading scenarios discussed in Section 8.1, the average subsurface profile 
assumed in the bearing capacity and settlement analysis consists of an upper 5 to 10 feet 
of engineered fill soils (under the footings) overlying about 20 feet of medium dense to 
dense sands and silty sands.  These are further underlain by dense competent soils below 
a depth of 30 feet below existing grade. 

Bearing capacity curves are provided in Figures 5 through 9.  In general, all footings 
should be a minimum of 2 feet wide and established at a minimum depth of 2 feet below 
the lowest adjacent final grade.  The allowable bearing pressure is a net value.  Therefore, 
the weight of the foundation and the backfill over the footing may be neglected when 
computing dead loads.  The bearing pressure applies to dead plus live loads and includes 
a calculated factor of safety of at least 3.  The allowable bearing pressure value may be 
increased by one-third for short-term loading due to wind or seismic forces. 

10.2 STATIC SETTLEMENTS 

Anticipated settlements of shallow foundations (less than 5 feet in width) under different 
allowable soil bearing pressures are shown in Figure 5 for footings underlain by 5 feet of 
compacted fill.  Similarly, anticipated settlements of shallow foundations underlain by 
10 feet of engineered fill are shown in Figures 6 through 9 for different soil compaction 
options.  Interpolation between curves may be performed to estimate intermediate fill 
thickness, soil bearing values and foundation settlement. 
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The predicted settlements are total static settlements.  Static settlement of shallow 
foundations will be due to elastic compression and consolidation of the underlying soils.  
The anticipated settlement should be assumed to vary directly with loading. 

Maximum differential settlement between adjacent, similarly loaded mats is expected to 
be about half of the total predicted settlement. 

10.3 SEISMICALLY INDUCED SETTLEMENTS 

As discussed previously, seismically induced settlement due to liquefaction or dry-sand 
shaking is not anticipated. 

10.4 RESISTANCE TO LATERAL LOADS 

Resistance to lateral loads may be provided by frictional resistance between concrete 
footings or mats and the underlying soils and by passive soil pressure against the sides of 
the footings.  The coefficient of friction between the concrete foundations and the 
underlying compacted granular soils may be taken as 0.4.  Passive pressure available in 
compacted backfill may be taken as equivalent to the pressure exerted by a fluid 
weighing 250 pounds per cubic foot (pcf) to a maximum 2,000 psf.  A one-third increase 
in the passive value may be used for temporary wind or seismic loads.  The above-
recommended values include a factor of safety of at least 1.5; therefore, frictional and 
passive resistances may be used in combination without reduction. 

11.0 TANK FOUNDATIONS 

11.1 BEARING CAPACITY 

Concrete ringwalls may be used for support of the proposed tank units (ID Nos. B and S 
through Z).  The ringwall should be a minimum of 2 feet wide and established a 
minimum of 2 feet below the lowest adjacent finished grade.  In order to achieve uniform 
support conditions for the tanks, we recommend that a minimum 5 feet of improvement 
under the tank footprint be provided. An allowable bearing capacity of 2,500 pounds per 
square foot (psf) may be assumed for the ringwall with the above minimum dimensions. 
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The allowable bearing pressure is a net value.  Therefore, the weight of the foundation 
and the backfill over the foundation to the subgrade level may be neglected when 
computing dead loads.  The allowable bearing pressure values may be increased by 
50 percent for short-term loading due to wind or seismic forces. 

11.2 ESTIMATED TANK SETTLEMENT 

On a preliminary basis, total static settlements of the proposed tanks are anticipated to 
vary from about 4 to 6 inches at the center.  The settlement along the edge is expected to 
be about 50 percent of the total settlement at the center. 

About 50 percent of the total settlements may be assumed to occur immediately after 
initial application of the maximum anticipated load.  As a precaution, structural and 
utility connections to new construction supported on shallow foundations should be 
deferred until after a hydrotest has been completed. 

11.3 HYDROTEST 

The settlement behavior of the tank should be monitored during a hydrotest of the tank.  
A detailed plan for filling and monitoring should be developed prior to construction.  
Settlement of the tank perimeter can be monitored by providing survey points along the 
ringwall footing.  Results of the settlement monitoring should be concurrently reviewed 
by the geotechnical engineer. 

12.0 DRIVEN PILE FOUNDATIONS 

Driven, pre-stressed, concrete piles or steel H-piles (14-inch square) may be considered 
for support of heavy, settlement sensitive equipment, as appropriate.  On a preliminary 
basis and subject to further confirmation with borings or CPTs, concrete piles should be 
driven to a minimum depth of 40 feet below the pile cap in order to achieve the desired 
minimum axial and lateral capacities.   Minimum 60-foot long H-piles are recommended 
to achieve comparable capacities as the concrete piles. 



 
 

R:\09 HECA Final\App P\App P.doc 27  

12.1 AXIAL CAPACITIES 

The piles should be driven with a hammer delivering, at a minimum, energy on the order 
of 75,000 foot-pounds per blow.  For preliminary estimating purposes only, a refusal 
criterion of at least 40 continuous blows for the last 3-foot of penetration may be assumed 
to result in allowable downward and upward axial pile capacities as shown below in 
Table 4. 

Table 4 
Allowable Axial Pile Capacities 

PILE WIDTH 
(inches) 

ALLOWABLE 
DOWNWARD 

CAPACITY 

ALLOWABLE 
UPWARD 

CAPACITY 

14-inch concrete pile 120 kips   45 kips  

14-inch H-pile (HP-14 x 102)  120 kips 55 kips 

The above estimates of axial capacities are based on conventional analyses performed 
using the methods outlined in Chapter 5 of the Design Manual 7.02 prepared by Naval 
Facilities Engineering Command (NavFac) for displacement piles.  The allowable 
downward and upward capacities include a factor of safety of at least 2.5.  The allowable 
downward and upward capacities may be increased by 33 percent to account for 
temporary loads such as those from wind or earthquakes. 

To avoid interference with adjacent piles, and to minimize group effects we recommend 
that the piles be spaced a minimum of 3 pile widths, center-to-center.  For this minimum 
spacing, it will not be necessary to reduce axial capacities for group action. 

Additional studies are recommended to evaluate pre-drilling needs, production pile 
lengths, testing requirements and other conditions such as pile driveability and hammer 
efficiency. 
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12.2 LATERAL PILE CAPACITIES 

Resistance to lateral loads will be provided by the resistance of the soil against the pile, 
pile caps, grade beams, and by the bending strength of the pile itself.  Preliminary lateral 
capacity and maximum induced bending moments for a 14-inch square pile (pre-stressed 
concrete or steel piles) with the top of the pile in a fixed-head free-head conditions are 
presented below in Tables 5 and 6. 

Table 5 
Lateral Pile Capacities (Pre-Stressed Concrete Pile) 

LATERAL 
LOAD 
(kips) 

MAXIMUM 
INDUCED 

BENDING MOMENT 
(feet-kips) 

DEPTH  BELOW PILE 
CAP TO 

MAXIMUM MOMENT 
(feet) 

DEFLECTI
ON 

(inches) 

MIN 
LENGT

H 
(feet) FREE FIXED FREE FIXED FREE FIXED 

¼ 40 7 14 20 50 5 0 
½ 40 10 20 30 80 5 0 
1 40 15 28 55 135 5 0 

 
Table 6 

Lateral Pile Capacities (Steel HP14x102) 

LATERAL 
LOAD 
(kips) 

MAXIMUM 
INDUCED 

BENDING MOMENT 
(feet-kips) 

DEPTH  BELOW PILE 
CAP TO 

MAXIMUM MOMENT 
(feet) 

DEFLECTI
ON 

(inches) 

MIN 
LENGT

H 
(feet) FREE FIXED FREE FIXED FREE FIXED 

¼ 60 8 15 27 65 5 0 
½ 60 12 25 45 110 5 0 
1 60 18 35 70 185 6 0 

The above lateral pile capacities and maximum induced bending moments correspond to 
a pile head deflection of ¼-inch and ½-inch.  At full fixity, the maximum induced 
bending moment occurs at the pile cap connection.  The group reduction in lateral 
capacity is about 50 percent for center-to-center spacing of at least 3 pile widths. 

If needed, grade beams/tie beams may be provided between piles to provide additional 
lateral resistance and to maintain foundation alignment and integrity. 
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12.3 SETTLEMENT OF DRIVEN PILES 

The estimated total vertical static settlement of the driven pile foundation should be less 
than ¼ inch under the allowable loads.  Differential settlements between similarly loaded 
piles should be negligible. 

13.0 CIDH PILE FOUNDATIONS 

Cast-in-drilled-hole (CIDH) piles may be considered for support of heavy, settlement 
sensitive equipment.  The CIDH piles should be established within the underlying 
medium dense to dense sands to obtain the required load-bearing capacities. 

13.1 AXIAL CAPACITIES 

In order to achieve adequate axial and lateral support, CIDH piles should extend a 
minimum length of 40 feet below the pile cap.  The allowable downward and upward 
capacities for a 24-inch, 30-inch, and 36-inch diameter CIDH piles with a nominal length 
of 40 feet (below the pile cap) are provided below in Table 7. 

Table 7 
Axial Capacities – CIDH Piles 

PILE DIAMETER  
(INCHES) 

ALLOWABLE 
DOWNWARD CAPACITY 

(KIPS) 

ALLOWABLE UPWARD  
CAPACITY (KIPS) 

24 60 45 
30 90 60 
36 120 75 

 
The allowable downward values given above are net capacities and the weight of the pile 
and the embedded portion of the pile cap is accounted for.  The allowable downward and 
upward capacities include a factor of safety of at least 3.  The allowable downward and 
upward capacities may be increased by 33 percent to account for temporary loads such as 
those from wind or earthquakes. 
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CIDH piles should have a minimum center-to-center spacing of 3 pile diameters.  With 
this spacing there is no reduction in axial capacity for group action.  For piles with 
center-to-center spacing of 2 diameters, the axial capacity should be reduced by 
33 percent. 

13.2 LATERAL CAPACITIES 

Resistance to lateral loads will be provided by the resistance of the soil against the pile, 
pile caps, grade beams, and by the bending strength of the pile itself.  Lateral capacities 
and maximum induced bending moments, with the top of the pile in either a free-head or 
fixed-head condition, are presented below in Table 8. 

Table 8 
Lateral Capacities – CIDH Piles 

Lateral Load 
(kips) 

Maximum 
Induced Bending 

Moment  
(feet-kips) 

Depth Below Pile Cap 
to Maximum Moment 

(feet) Pile 
Diameter 
(inches) 

Deflection 
(inch) Free Fixed Free Fixed Free Fixed 

¼  15 25 50 125 5 0 
½  20 40 70 200 6 0 24 
1 30 60 120 350 8 0 
¼  20 40 75 210 7 0 
½  30 60 120 360 10 0 30 
1 40 90 210 600 13 0 
¼  28 55 112 350 10 0 
½  40 85 200 600 12 0 36 
1 60 130 380 1050 13 0 

 
There is no reduction in lateral capacity provided that there is a center-to-center spacing 
of at least 3 pile widths in an orientation normal to the loading and center-to-center 
spacing of at least 8 pile widths in an orientation parallel to the loading direction.  At a 
center-to-center spacing of three pile widths parallel to the direction of loading, the lateral 
capacity should be reduced by 50 percent.  Interpolation may be used for center-to-center 
spacing between 3 and 8 pile widths. 
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Additional lateral resistance against seismic or other lateral loads may be derived through 
passive resistance against the pilecaps, grade beams and the lateral resistance of the 
CIDH pile.  Passive pressure available in compacted structural fill or undisturbed native 
soils may be estimated as equivalent to the pressure exerted by a fluid weighing 
200 pounds per cubic foot.  This value includes a calculated factor of safety at least 1.5.  
We recommend the use of grade beams/tie beams between piles to provide additional 
lateral resistance and to maintain foundation alignment and integrity. 

The use of special techniques for preventing possible caving of the drilled shaft due to 
presence of granular soils should be anticipated and planned for.  URS recommends that 
steel reinforcement and concrete be placed immediately after completion of drilling each 
hole.  Under no circumstances should drilled shafts be left open overnight.  A minimum 
of 8 hours should be allowed between concrete placements in one shaft before drilling an 
adjacent shaft within 5 diameters center-to-center. 

The installation of all CIDH piles shall be performed in accordance with the "Standard 
Specifications for the Construction of Drilled Piers", ACI 336.1-89 (Revised 1994) or its 
most recent version.  Care shall be exercised in the last few feet of drilling in order not to 
loosen the surrounding soil.  Loose soils at the bottom of the drilled holes should be 
removed to the extent possible.  Proposed installation techniques should be reviewed and 
approved by the geotechnical engineer prior to mobilization of the contractor to the 
Project Site. 

13.3 SETTLEMENT OF CIDH PILES 

The estimated total vertical static settlement of the CIDH pile foundation should be on 
the order of ½ inch under the allowable loads.  Differential settlements between similarly 
loaded piles should be on the order of ½ inch or less. 

14.0 SLAB-ON-GRADE 

In order to provide uniform and adequate support, all slabs-on-grade should be underlain 
by at least 24 inches of granular fill compacted to 95 percent of the maximum dry density 
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per ASTM D-1557.  It is anticipated that granular fill would need to be imported to the 
Project Site for this purpose.  Prior to placement of the fill, the minimum site preparation 
requirements in Section 8.2 should be followed. 

In general, a moisture barrier is recommended under all floor slabs to be overlain by 
moisture-sensitive floor covering.  A moisture barrier such as ‘Stego Wrap’ or equivalent, 
meeting current American Concrete Institute installation requirements and 
recommendations, may be used for this purpose. 

At least 4-inches of clean-open graded, ¾-inch maximum crushed rock is recommended 
beneath concrete slabs-on-grade to act as a capillary break.  The crushed rock base course 
should be compacted in placed using mechanical compaction equipment. 

For design of slabs and rigid pavements and for estimating their deflections, a modulus of 
subgrade reaction (k) of 250 pounds per square inch per inch deflection (pci) may be 
used. 

15.0 PAVEMENT STRUCTURAL SECTIONS 

Pavement subgrades at the Project Site are anticipated to expose soft, clayey soils in the 
upper 5 feet.  R-value tests on these materials indicate they are unsuitable for permanent 
pavement support.  Because of the unpredictability of traffic use, URS has recommended 
pavement structural sections based on our experience with similar projects and 
subsurface materials.  The intention is to keep the initial costs minimal, while additional 
asphalt concrete surfacing may be added later, if needed.  R-value testing may be 
necessary during construction for verification purposes so as to consider any need for 
modifications.  Recommended minimum thickness of flexible pavements for Traffic 
Index (TI) values of 4.0, 5.0 and 7.0 are provided below Table 9. 
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Table 9 
Recommended Minimum Thicknesses of Flexible Pavements 

Pavement Thickness (inches) 

Pavement Description 
Traffic Index 

(TI) Asphaltic Concrete Aggregate Base 

Truck Drive Areas 7 4 12 

Car Drive Areas 5 to 5½ 3 10 

Parking Areas 4 3 6 

To provide uniform support, all pavement areas should be provided with at least 
24 inches of engineered fill compacted to 95 percent of the maximum dry density per 
ASTM D-1557.  The engineered fill should be placed on a firm subgrade prepared in 
accordance with our recommendations in Section 8.2. 

Due to possibility of exposing soft and unsuitable soils at the subgrade level, additional 
removals beyond 24 inches may be required.  Bi-axial geogrids (Tensar or equivalent) 
may be installed to enhance subgrade support and to limit the amount of overexcavation 
for roadways.  The needs for geogrids should be assessed on a case-by-case basis. 

In areas to receive heavy duty paving, complete removal of the upper 5 feet of soft soils 
is recommended.  Alternatively, all areas subject to future truck traffic (fire trucks, trucks 
with 5 axles or greater) may be overlain by a minimum of 6 inches of reinforced concrete 
over 6 inches aggregate base. 

All concrete pavements should be provided with reinforcement.  Aggregate base should 
satisfy Caltrans Class 2 gradation requirements and should have a minimum R-value 
of 78.  All gradation and R-value should be confirmed by the geotechnical engineer 
during construction.  All base materials should be compacted to a minimum of 95 percent 
of the maximum dry density per ASTM D-1557. 

16.0 DYNAMIC SOIL PROPERTIES 

Dynamic soil properties based on the seismic CPTs at SCPT-1 and SCPT-2 locations are 
presented as follows in Tables 10 and 11. 
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Table 10 
Dynamic Soil Properties:  SCPT 1 

TOP 
LAYER  

(feet) 

BOTTOM 
LAYER 

(feet) 

SHEAR 
WAVE 

VELOCITY 
(ft/sec)) 

SOIL 
UNIT 

WEIGHT 
(pcf) 

SMALL 
STRAIN 
SHEAR 

MODULUS
G max (ksf)

POISSON’S 
RATIO 

DAMPING 
RATIO 

(%) 
1.8 4.4 413 113 603 0.3 3 
4.4 6.9 449 91 603 0.3 3 
6.9 9.3 554 91 571 0.3 3 
9.3 14.4 724 101 870 0.3 3 

14.4 19.4 882 107 1651 0.3 3 
19.4 24.4 957 106 2589 0.3 3 
24.4 29.4 973 109 3017 0.3 3 
29.4 34.4 1080 102 3205 0.3 3 
34.4 39.4 955 102 3712 0.3 3 
39.4 44.5 932 109 2897 0.3 3 
44.5 49.4 1004 99 2948 0.3 3 
49.4 54.5 1017 95 3106 0.3 3 
54.5 59.4 1118 112 3040 0.3 3 
59.4 64.6 1345 112 4365 0.3 3 
64.6 69.4 1160 114 6322 0.3 3 
69.4 74.5 1338 114 4773 0.3 3 

Note: Reference SCPT-1 Gregg Drilling & Testing, Inc. data, Lab data, Surface Elevation at SCPT- 1 = 288 feet MSL 
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Table 11 
Dynamic Soil Properties:  SCPT-2 

TOP 
LAYER  

(feet) 

BOTTOM 
LAYER 

(feet) 

SHEAR 
WAVE 

VELOCITY 
(ft/sec)) 

SOIL 
UNIT 

WEIGHT 
(pcf) 

SMALL 
STRAIN 
SHEAR 

MODULUS
G max (ksf)

POISSON’S 
RATIO 

DAMPING 
RATIO 

(%) 

2.0 4.4 545 113 603 0.3 3.0 

4.4 6.9 486 113 1046 0.3 3.0 

6.9 9.3 753 91 831 0.3 3.0 

9.3 14.4 704 91 1608 0.3 3.0 

14.4 19.4 890 101 1406 0.3 3.0 

19.4 24.4 914 107 2495 0.3 3.0 

24.4 29.4 973 106 2776 0.3 3.0 

29.4 34.4 1154 109 3118 0.3 3.0 

34.4 39.4 1092 102 4513 0.3 3.0 

39.4 44.5 1006 102 3795 0.3 3.0 

44.5 49.4 1230 109 3219 0.3 3.0 

49.4 54.5 1105 99 5127 0.3 3.0 

54.5 59.4 1144 95 3764 0.3 3.0 

59.4 64.5 1255 112 3850 0.3 3.0 

64.5 69.4 1158 112 5501 0.3 3.0 

69.4 74.5 1225 114 4679 0.3 3.0 

74.5 79.4 879 114 5323 0.3 3.0 

Note: Reference SCPT2 Gregg Drilling & Testing, Inc. data, Lab data, Surface Elevation at 
SCPT-2 = 286 feet 
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17.0 SURFACE DRAINAGE 

The ground surface of the Project site should be adequately sloped to direct water away 
from the foundations.  Areas where water could pond should be eliminated by the use of 
area drains.  Area drains should not be placed next to or in contact with the foundations.  
The ground surface should be adequately sloped away from structures toward the area 
drains. 

18.0 ADDITIONAL FIELD EXPLORATIONS 

The preceding recommendations are based on data from widely-spaced borings and 
CPTs.  Additional field investigations are recommended to provide better confirmation of 
the subsurface conditions and to fill some of the wide gaps between data points.  
Additional geotechnical field explorations consisting of borings and CPTs are 
recommended. 

19.0 DESIGN REVIEW 

URS recommends that the geotechnical aspects of the Project be reviewed by the 
geotechnical engineer during the design process.  The scope of services may include 
assistance to the design team in providing specific recommendations for special cases, 
reviewing the foundation design and evaluating the overall applicability of the 
recommendations presented in this report, reviewing the geotechnical portions of the 
Project for possible cost savings through alternative approaches and reviewing the 
proposed construction techniques to evaluate if they satisfy the intent of the 
recommendations presented in this report. 

20.0 CONSTRUCTION MONITORING 

All earthwork and foundation construction should be monitored by a qualified 
engineer/technician under the supervision of the geotechnical engineer-of-record.  Such 
monitoring should include, but not be limited to, the following:  
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• Project site preparation -- site stripping, overexcavation, and 
recompaction; 

• Foundation excavation subgrades (prior to placing steel and concrete); 

• Placement of structural fills and backfills; and 

• All foundation installations. 

We recommend that URS be present to observe the soil conditions encountered during 
construction, to evaluate the applicability of the recommendations presented in this report 
to the soil conditions encountered, and to recommend appropriate changes in design or 
construction if conditions differ from those described herein. 

21.0 LIMITATIONS 

URS warrants that our services are performed within the limits prescribed by our clients, 
with the usual thoroughness and competence of the engineering profession.  No other 
warranty or representation, express or implied, is included or intended in this report. 
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