
Jnofficial FERC-Generated PDF of 20040202-0038 Received by FERC OSEC 01/26/2004 in Docket#: CP04-58-000 

"XVI-dl'll',q( 

FILED 
OFFICE OFTHE 
SECRETARY 

A T T O R N E Y S  AT LAW 

ORIGINAL 
^ PROFE~£~AL CORPOI~TION 

D.C 20007 -3~7 t 

(202) 338-2416 F•csirf~e 

J l.2b P 2:. Ob 

FEDERAL ENERGY 
REGULATORY COMMISSION 

s~me, wmm~ 
(2o6) e ~ - ~ z 2  

PUBLIC 
January 26, 2004 

J o h n  EL ~ J r .  

( ~ )  ~ e 4 ~  

Volume P-. 

The Honorable Magalie IL Salas 
Secrmry 
Federal Energy Regulatory Commission 
888 First Street N.E. 
Washington, D.C. 20426 

Re: Sound Energy Solutions, Application for Authority To Site, 
Construct, And Ope~_Je LNG Import Terminal Facflitlet, 
Docket No. CP04 O ~  -000 

Dear Ms. Salas: 

Enclosed for filing pursuant to Section 3 of the Natural Gas Act and Part 153 of 
the Commission's Regulations thcrmaflcr, is an "Application for Authority to Site, 
Construct, and Operate LNG Import Terminal Facilities" ("Application") by Sound 
Energy Solutions ("SES'). 

SES respectfully requests that the Commission issue a final o~¢r granting SES all 
necessary authorizations by October 20, 2004. 

The Application consists of the following 10 volumes and additional material: 

Transmittal letter, Application, Form of Notice, and Exhibits A, B, 
andC required by Section 153.8(aX1), (2) and (3) of the 
Commission's regulations, 1,8 C.F.R. § 153.8(a)(1), (2) and (3). 
O'UBUO; 

Vohnne I (Environmental Report - Resource Report Numbers 1, 2, 
3, 4, and 5 and Appendices) (PUBLIC); 
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Volume II (Environm~.~..'al Report - Resource Report Number 6 
and Appendice~ (PUBLIC); 

Volume m (Environmental Report - Resource Report Numbers 7, 
8, 9, 10.~nd~II a~d applicable Appendices for Resource Report 
Numbers 7, 8, 9, 10 and 11) (PUBLIC); 

Volume IV (Environmental Report - Resource Report Number 9- 
Appendices only) (PUBLIC), 

Volume V (Environmental Report - Resource Report Numbers 1, 
4, 5, 6, 8, 9, 10, and 11) (NON-INTERNET PUBLIC); 

Volume VI (Environmental Report - Resource Report Number 13, 
Appendix 13-1 Drawings) (CRITICAL ENERGY 
INFRASTRUCTURE INFORMATION); 

Volume VII (Environmental Report - Resomr.e Report Number 
13, Appendix 13-2, Specifications and Data Sheets) (CRITICAL 
ENERGY INFRASTRUCTURE INFORMATION); 

Volume VIII (Environmental Report - Resource Report Number 
13, Appendix 13-3.1, Manufacturer Data) (CRITICAL ENERGY 
INFRASTRUCTURE INFORMATION); 

Volume IX (Environmental Report - Resource Report Number 13, 
Appendix i 3.3-2, Manufacturer Data) (CRITICAL ENERGY 
INFRASTRUCTURE INFORMATION); 

Volume X (Environmental Report - Resource Report Number 13, 
Appendices 13.4.1, and 13.4.2 Dispersion, Release, and Threat 
Analyses) (CRITICAL ENERGY INFRASTRUCTURE 
INFORMATION); 

Envelope (Environmental Report Resource Report Number 4, 
Cultural Resource Figures) (PRIVILEGED AND 
CONFIDENTIAL) 

Pursuant to Rule 388.112 of the Commission's Rules of Practice and Procedure, 
18 C.F.R. § 388.112, SES submits an original and seven (7) copies of the Transmittal 
letter and the body of the Application, including Exhibits A, B, and C; and Volumes Nos. 
I. II, HI, and IV, each of which has been marked PUBLIC. SES is also submitting an 
original and seven (7) copies of Volume No. V which is marked NON-INTERNET 
PUBLIC. Volume Nos. VI, VII, VIII, IX, and X contain information which is sensitive, 
protected critical energy infrastructure information CCEIF') as defined in 18 C.F.R. § 
388.113(c). Accordingly, SES is filing an original and two (2) copies of Volume Nos. 

2 



Jnofflclal FERC-Generated PDF of 20040202-0038 Received by FERC OSEC 01/26/2004 in Docket#: CP04-58-000 

VI, VII, VIii, :L~¢, and X, each of which is marked in bold print CONTAINS CRITICAL 
ENERGY INFRASTRUCTURE INFORMATION - DO NOT RELEASE. Finally, 
SES is submitting a separate envelope which contains location, character, and ownership 
information about cultural resources. The envelope is marked in bold print, 
"CONTAINS PRIVILEGED AND CONFIDENTIAL INFORMATION - DO NOT 
RELEASE". 

SES is also submitting one Compact Disc containing Volumes I-V, labeled 
"FERC Application, Resource Reports I through 12"; Two Separate Compact Discs are 
provided containing the body of the Application and a Form of Notice suitable for the 
Federal Register, and are labeled "FERC Application" and "Form of Notice", 
respectively. All Compact Discs are formatted in MS Word. 

In ac~rdanco with Rule 2011(cX5) of the Commission's Rules of Practice and 
Procedure, 18 C.F.R. § 385.201 l(cXS), the undersigned states that the paper copies of 
this filing contain the same information as the electronic medium, and that, to the best of 
his information, knowledge, and belief, the contents as stated in the paper copies and the 
electronic medium are true. 

Respectfully submitted, 

Sound Energy Solutions 

( ~ "  Michael Boyle - 1 copy of Volumes I-X, Application, and Cultural Resources 
Confidential Material 
3 copies of Volumes VI-X 
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Sound Energy Solutions 

Long Beach LNG Import Project 

Resource Report 6 -- Geological Resources 
= !  

FERC Requirement Addressed in 

Describe, by milepost, mineral resources that are currently or 
)otentially exploitable. 

Describe, by milepost, existing and potential geological hazards 
and areas of nonroutine geotechnical concern, such as high 
seismicity areas, active faults, and areas susceptible to soil 
liquefaction, planned, active and abandoned mines, karst terrain, 
and areas of potential ground failure, such as subsidence, 
slumping, and landsliding. Discuss the hazards posed to the 
facility trom each one. 

Describe how the project would be located or designed to avoid or 
"ninimize adverse effects to the resources or risk to itself, including 
9eotechnical investigations and monitoring that would be 
conducted before, during, and after construction. Discuss also the 
~otential for blasting to affect structures, and the measures to be 
taken to remedy such effects. 

Specify methods to prevent project-induced contamination from 
I sudace mines or from mine tallings along the right-of-way and 

whether the project would hinder mine reclamation or expansion 
efforts. 

if the application involves an LNG facility located in zones 2, 3, or 
4 of Ihe Uniform Building Code's Seismic Risk Map, or where 

! there is potential for surface faulting or liquefaction, prepare a 
report on earthquake hazards and engineering in conformance 
with "Data Requirements for the Seismic Review of LNG 
Facilities." NBSIR 84-2833. This document may be obtained from 
the Commission staff. 

if the application is for underground storage facilities, (I) describe 
hew the applicant would control and monitor the ddlling activity of 
others within the field and buffer zone; (ii) describe hew the 
applicant would monitor potential effects of the operation of 
adjacent storage or production facilities on the proposed facility, 
and vice versa; (iii) describe measures to be taken to locate and 
determine the condition of old wells within the field and buffer 
zone and how the applicant would reduce risk from failure of 
known and undiscovered wefts; and (iv) identify and discuss safety 
and environmental safeguards required by the state and Federal 
drilling regulations. 

Section 6.2 

Section 6.3, Appendix 6-1, Appendix 6-2 

Section 6.4, Appendix 6-1 

Not Applicable 

Resource Report 13 

Not Applicable 

Januaq, 2004 
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CEQA Requirements: 
i ' m  

Would the project expose people or structures to potential 
substantial adverse effects, including the risk of loss, injury, or 
death involving: 

i) Rupture of a known earthquake fault, as delineated on 
the most recent Alquist-Pdolo Eadhquake Fault Zoning Map 
issued by the State Geologist for the area or based on other 
substantial evidence of a known fault? Refer to Division of Mines 
and Geology Special Publication 42. 

ii) Strong seismic ground shaking 

iii) Seismic-related ground failure, including liquefaction 

iv) Landslides 

Would the project be located on a geologic unit or soil that is 
unstable, or that would become unstable as a result of the wotect, 
and potentially result in on- or off-site landslide, lateral spreading, 
subsidence, liquefaction or collapse? 

Would the project result in the loss of availability of a known 
mineral resoume that would be of value to the region and the 
residents of the state? 

Would the project result in the loss of availability of a Iocally- 
impOdant mineral resource recovery site delineated on a local 
general plan. specific plan or other land use plan? 

~,ddressed in: 

Sectians 6.1 and 6.3, Appendices 6-1 and 
6-2 

Section 6.3 

Section 6.2 

Section 6.2 

Januaq* 2004 
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RESOURCE REPORT 6 

GEOLOGY 

6 INTRODUCTION 

Sound Energy Solutions (SES) has entered into a preliminary agreement with the Port of Long 

Beach (POLB) for a 25-acre site on the eastern portion of Pier T (Pier T East) of the former 

naval shipyard property that was transferred to the POLB. SES proposes to construct and 

operate a liquefied natural gas (LNG) import terminal where LNG will be received and 

vaporized. The project, known as the Long Beach LNG Import Project or "Project", will include 

an offioading dock, two LNG storage tanks, an LNG vehicle fuel tank, vaporization facilities, a 

natural gas liquids recovery unit, and a truck-loading facility on Pier T East. Associated facilities 

include an approximate 2.3-mile-long pipeline that will deliver natural gas to the existing pipeline 

system of Southern California Gas Company (SoCal Gas) at its Salt Works Station, and 

approximately 0.8 mile of electdc distribution lines to connect the LNG terminal to the existing 

Southern California Edison (SoCal Edison) system. The pipeline and electric distribution lines 

will be constructed, owned, and operated by others, not SES. 

Purpose of Report 

This report documents the geologic conditions at the LNG terminal site and along the proposed 

pipeline route, assesses the possible impacts to natural resources resulting from construction 

and operation of the proposed Project, and addresses potential hazards related to geologic and 

seismic conditions in the site vicinity. 

Agency Communications 

Evaluation of geologic, geotechnical and seismic conditions was carried out by URS and are 

found in Appendix 6-1 (referenced as URS, 2003B) and Appendix 6-2 (referenced as URS, 

2003a). These reports are in general conformance with Data Requirements for the Seismic 

Review of LNG Facilities NBSIR 84-2833 and California Geologic Survey Note 48 Checklist for 

the Review of Geologic~Seismic Reports for California Public Schools, Hospitals, and Essential 

Services Buildings. No communication took place with regulatory agencies. However, URS 

consulted with Dr. Tom Rockwell of San Diego State University, Dr. John Shaw of Harvard 

University, and Michael Fisher, Daniel Ponti and Brian Edwards of the U.S. Geological Survey 

jar~a,y 2oo4 Page 1 
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to obtain unpublished information and data on the potentially active faults in the site region, and 

confirm that the most up to date data was used in the seismic hazard assessment. 

Report Organization 
The report is organized into seven major sections. Section 6.1 describes the geologic and 

seismic setting for the LNG terminal and associated sendout pipeline and electric distribution 

line. Section 6.2 addresses geologic resources. Section 6.3 addresses potential geologic 

hazards, including ground shaking, liquefaction, ground rupture, and inundation by tsunamis. 

Environmental consequences related to geologic and seismic conditions are discussed in 

Section 6.4. Section 6.5 lists the references that are the basis for information presented herein. 

Appendix 6-1 contains the geotechnical report and Appendix 6-2 contains the seismic hazard 

analysis for the Project. 

6.1 GEOLOGIC AND TECTONIC SETTING 

6.1.1 Regional Geology 

The project site is located on the southwestern margin of the Los Angeles Basin. The Basin 

comprises a large area that has subsided and accumulated sediments eroded from surrounding 

mountains over the past 4 to 6 million years. The thickness of these Miocene-age and younger 

sediments is over t 8,000 feet (5,500 meters (m)) near the center of the Basin, several miles 

northeast from the site. 

Older sediments within the basin consist of compressed and partially indurated layers of 

sandstone, and shale. Younger sediments, deposited in Pleistocene and Holocene time (within 

2 million and 12,000 years before present (ybp), respectively) are less well indurated. Older 

sediments within the Basin have been deformed by beth folding and faulting. Younger 

sediments are less deformed. 

Younger sediments include river deposits, predominantly sands and gravels, laid down in deep 

channels (up to 200 feet (60 m) below present sea level) that were cut in pre-existing sediments 

that were exposed during late Pleistocene time when sea level was much lower. The site is 

located on the western edge of one of these Pleistocene channels, known as the Gaspur 

Aquifer that roughly follows the present course of the Los Angeles River. 

Januao, 2oo4 Page 2 
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The Los Angeles Basin is located at the intersection of two physiographic and tectonic 

provinces. The Peninsular Ranges province extends southward from the Basin as a series of 

fault-bounded northwest-trending mountain ranges and intervening valleys. The northern 

boundary of the Basin consists of mountains of the Transverse Ranges province. The 

east-west trend of the Transverse Ranges topography reflects the geologic structure of that 

province. Because the Basin is at the junction of these two provinces, it includes structural 

features common to both. 

6.1.2 Tectonic Setting 

The Basin is located within the active boundary zone between the Pacific and North American 

Plates. In this region, the width of the plate boundary extends more than 220 miles (350 

kilometers (kin)) from the offshore San Clemente fault zone to the Eastern California shear zone 

in the Mojave Desert east of the San Andreas Fault zone. At the latitude of Los Angeles the 

relative right-lateral motion between the Pacific and North American Plates is 1.9 inches 

(48 millimeters per year (mm/yr)) (DeMsts et al, 1994). Deformation along the plate boundary 

involves northwest trending right-lateral strike-slip faulting of the San Andreas fault and parallel 

faults of the San Andreas system, east to northeast-trending left-lateral strike-slip and reverse 

oblique faulting along the southern boundary of the Transverse Ranges, and west-northwest 

trending thrust and reverse faults within the Transverse Ranges (Walls et al., 1998). 

The high rate of relative motion between the Pacific and North American plates is 

accommodated along eight major and numerous smaller fault zones. From west to east, the 

major fault zones include the San Clemente, Santa Cruz-Santa Catalina Ridge, Palos Verdes, 

Newport Inglewood, Elsinore, San Jacinto, and San Andreas faults, and the Eastern California 

shear zone faults. 

The Elsinore, San Jacinto, and San Andreas faults to the east of the Project are among the 

most active faults in California. Each of these faults has a high slip rate and has had at least 

one moderate to large magnitude historical earthquake. Movement along these three faults 

accounts for more than 70 pement of the overall plate regional strain rate (DeMets et al, 1994). 

Recurrence intervals on these faults are on the order of several hundreds of years. 

Major earthquakes along these larger faults, and smaller, less frequent earthquakes on other 

faults in the region, account for the seismic exposure of the project site. Specific seismic 

~nu~2OO4 Page 3 
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sources considered for evaluating potential geologic hazards at the site are discussed in 

Section 6.3. The locations of regional faults are shown in Figure 6-1. 

The two closest known members of the active northwest-trending set of faults associated with 

the San Andreas system are the Newport-lnglewood fault, located 4.3 miles (7 km) northeast of 

the site and the Palos Verdes fault, located about 2.5 miles (4 km) to the southwest. A blind 

thrust fault, the THUMS-Huntington Beach (THUMS-HB) fault, has been identified dipping 

shallowly to the northeast beneath the site between the Newport-lnglewood and Palos Verdes 

faults. The shallowest portion of the THUMS-HB fault is buried at a depth of approximately 

4,000 feet (1,225 m) beneath very young sediments, about 1 mile (1.6 km) southwest of the site 

(Appendix 6-2, URS, 2003a). The depth of the seismogenic portion of the fault is estima'.ed to 

be 4,600 feet (1.4 km). 

The Project is located on the south flank of the northwest-southeast trending Wilmington 

anticline, a basement-cored fold situated on the upper plate of the THUMS-HB fault. The 

Quaternary displacement on the THUMS-HB fault is inferred to be reverse, with some undefined 

component of right-lateral slip, on the basis of tilted, relatively recent sediments on the south 

limb of the anticline (Appendix 6-2, URS, 2003a). 

6.1.3 Site Geology 

The LNG terminal site is located on up to 80 feet (25 m) of artificial fills and estuarine deposits. 

The estuarine deposits (silt and clay) are underlain by marine sands and sandy and gravelly 

sand layers of the Gaspur aquifer. Based on interpretation of a high-resolution seismic survey 

in the Long Beach Harbor and deep drilling (1,200 feet (368 m) below ground surface (bgs)) at a 

nearby location, the top of the San Pedro Formation, which is older than 200,000 ybp, occurs at 

a depth of about 315 feet (97 m) bgs (Edwards et. al., 2001, 2002, and 2003). The San Pedro 

and older strata dip to the south on the south limb of the Wilmington anticline, but there is no 

apparent displacement of the San Pedro and older strata in the vicinity of the site. 

The pipeline route crosses similar geologic units (fill and young sedimentary deposits) for most 

of its extent. Surficial deposits along the northernmost 0.2 miles (0.3 km) of the route have 

been mapped as Holocene alluvium, consisting of soft clay, silt, silty sand and sand of distal fan 

deposits associated with the active Los Angeles River system (CDMG, 1998). 

Januaqt 2oo~ Page 4 
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6.2 GEOLOGIC RESOURCES 

6.2.1 Mineral Resources 

Petroleum production from the Wilmington anticline, a portion of which underlies the site, has 

continued from the 1930s to the present. The nearest petroleum production facilities are 

located adjacent to the east property line of the site. No active wells are located within the site. 

Table 6-1 shows the active wells within 150 feet of the terminal footprint or the pipeline. 

Table 6-1 Active Production and Injection Welts within 150 Feet of the Project 

WEt.L- 
ID 

FFA24 

W426 

Distance 
from 

Project 

Barrels 
Monthly 

Range 2003 
APt# type Status 

75' east of %ctively 26,000-40,000 
23702175 Injection terminal njeeting in water 

[ootprmt .)003 

23702703 Production ~Shut-in No production 

3LOC 03704034 

75' cast of 
~crminal 
Footprint 

140' west 
~f pipeline 

Ob~rvation 
only 

Prod-water, 
idle 

No production 

The production wells are at great depth (4,000+ feet, 1,220+ m). Injection wells withdraw water 

from the Gaspur, Gage, and Lynnwood aquifers below Pier T and reinject it into the oil sands. 

(Final EIS/EIR for the Disposal and Reuse of Long Beach Complex, Long Beach, California, 

Department of the Navy, 1998; Goldman 2003). 

There are many abandoned production wells in the area of the project. There are eight 

abandoned wells immediately adjacent to the terminal footprint, and the pipeline route is 

adjacent to over 40 abandoned wells. Abandoned and active wells are available in a 

georeferenced database and are plotted in Figure 6-2 on an aerial photo background to show 

general locations of wells within 150 feet of the location of the Project components. No other 

geologic resource has been identified in the vicinity of the site or pipeline route. 

Ground subsidence that occurred in the area due to rapid withdrawal of reservoir fluids in the 

1940s and eady 1950s has been controlled by reinjection of water to maintain reservoir 

pressure. The balance of oil production and water injection is monitored by the City of Long 

Janua~ ~ Page 5 
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Beach, Department of Oil Properties. In the biennial report entitled "Elevation Changes in the 

City of Long Beach, November 2001 to January 2003", the Department of Oil Properties states 

that less than 0.05 feet (0.6 inches, 15 mm) of subsidence occurred on all of Pier T during the 

reporting interval. The Department of Oil Properties is charged with a twice-yeady survey to 

measure and record subsidence and rebound (ground response to water injection, a 

phenomenon that takes at least 6 months after injection is started, (Long Beach 2003). 

The Wilmington Oil Field, where oil near Pier T is extracted from oil sands at depths ranging 

from 4,000 to 5,000 feet (1220-1525 m) bgs (Goldman 2003), was divided into "fault block 

zones" and each zone was consolidated under one administrator (Long Beach 2003b). The City 

of Long Beach administers the block beneath Pier T and one oil company (Tidelands Oil) does 

all the drilling (Long Beach 2003b). There is a complex revenue distribution system from oil 

receipts as mandated by the 1958 California Subsidence Act that funds the studies and injection 

wells to monitor and control subsidence (Long Beach 2003a). Historical records show that 

subsidence has been controlled (Long Beach 2003). 

6.2.2 Paleontological Resources 

The terminal site and the pipeline route are located in areas of deep, man-placed fill. No 

undisturbed fossils are present near ground surface in the site vicinity. No paleontological 

resources exist in the site vicinity. 

6.3 POTENTIAL GEOLOGIC HAZARDS 

The LNG terminal site is located in a region of high seismic activity, which is concentrated to the 

northwest, north and southeast of the site. The earthquakes are primarily associated with the 

mapped fault zones that are shown on Figure 6-1. The largest historical earthquakes within 

about 20 km of the site are: 

• 1933 Long Beach earthquake, a magnitude 6.4 event generated by the Newport- 

Inglewood fault approximately 13 miles (21 kin) from the site, and 

two local magnitude (ML) 4.8 earthquakes in October and November of 1941 in the 

Carson-Long Beach-Wilmington area, also within the Newport-lnglewood fault zone 

approximately 4.4 miles (7kin) and 2.5 miles (4 km) from the site, respectively. 

Janua,), 2oo~ Page 6 
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Large events (moment magnitude (Mw) >- 6.5) within 63 miles (100 km) of the Project are listed 

in Table 6-2. 

Table 6-2 

Date 
(MO-OY-YR) 

12-8-1812 

Earthquakes of Magnitude Mw 2 6.5 Within 100 km of Project 

Causative Fault 

San Andreas 

Mw 
7.5 est. 

Earthquake 

Wrightwood 

1-9-1857 Fort Tejon San Andreas 7.9 est. 

2-9-1971 San Femando San Fernando 6.6 

1-17-1994 Northridge Northridge blind thrust 6.7 

('~ The exact location of the 1812 earthquake on the San Andreas fault is uncertain but there is evidence lot 
surface rupture on both the Wdghlwood and Mojave segments. This is the closest distance from the I~jave 
fault segment to the LNG terminal site. 

t2] This is the closest distance from the 1857 fault rupture to the LNG terminal site; epicentral distance was 
approximately 187 miles (300 kin) northwest of site. 

Epicentral 
Distance in miles 

(km) 
49 (81) (1) 

49 (81)(2) 

4 (7) 

37 (60) 

Similar earthquakes can be expected to occur in the site vicinity in the future. Potential hazards 

that might affect the site are discussed in the following subsections. 

6.3.1 Surface Fault Rupture 

Surface fault rupture hazard was evaluated by URS (2003a, Appendix 6-2) consistent with the 

California Board for Geologists and Geophysicists Geologic Guidelines for Earthquake and~or 

Fault Hazard Reports. No active surface faults are known to occur within the LNG terminal site 

boundaries or along the pipeline or electrical distribution line route (Dibblee, 1999; Ziony and 

Jones, 1989; Jennings, 1994), and the site is not located within an Alquist-Priolo Earthquake 

Fault Zone (California Division of Mines and Geology - CDMG, 2000). Consequently, there is 

not a potential surface fault rupture hazard at the proposed LNG terminal site or along the 

pipeline. The closest designated Alquist-Priolo Earthquake Fault Zone to the Project is the 

Newport-lnglewood fault zone, approximately 4.3 miles (7 km) northeast of the site. Although it 

is known to offset Holocene sediments, the Palos Verdes fault is not formally zoned by the 

California Geological Survey (formerly Division of Mines and Geology). The main trace of this 

fault is approximately 2.5 miles (4 km) southwest of the LNG terminal site. 
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The subsurface trace of the THUMS-HB fault is also thought to have been active during 

Holocene time. That fault dips northeast beneath the LNG terminal site, and projects toward the 

surface approximately 1 mile (1.6 km) southwest of the site. Based on the available data, the 

THUMS-HB fault is not considered to pose a potential surface rupture hazard at the site. 

6.3.2 Strong Ground Shaking 

The largest historical ground motion in the Project area is estimated to have been produced by 

the 1933 Long Beach earthquake. Peak ground accelerations (PGA) of 0.20 g (NS component) 

and 0.29 g (vertical component) were recorded at the nearby Long Beach Public Utilities 

Building during this event. PGA values of 0.20 g (330 °- horizontal component) and 0.05 g 

(vertical component) were recorded during the 1994 Northddge earthquake at the nearby Fire 

Station 1 t t site on Terminal Island (Appendix 6-2, URS, 2003a). PGA values less than 0.1 g 

were recorded at (1) the nearby Southern California Edison site on Terminal Island during the 

1971 San Femando earthquake, (2) the Fire Station 111 site during the 1987 Whittier Narrows 

earthquake (M,, 6.0), and (3) the Long Beach Public Utilities Building during the 1941 

Wilmington earthquake (ML 4.8) (Appendix 6-2, URS, 2003a). 

In order to estimate the likelihood and extent of ground motion during future earthquakes, both 

probabilistic and deterministic analyses were run by URS (2003a). Fault parameters used for 

the Probabilistic Seismic Hazard Analyses (PSHA) (fault type, magnitude of maximum or upper 

earthquake (M~,,), and distance to the LNG terminal site) are summarized in Table 6-3. Only 

those faults potentially having a significant contribution to the ground-motion hazard at the LNG 

terminal site are included in the table. 
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Table 6-3 Summary of Fault Parameters 

Fault Name 

HUMS-Huntington Beach 

Until 
(M.) 

;an Andreas-Coachella Valley segment 

7.0 

Palos Verdes - PV & San Pedro Shelf Segments 7.0-7.4 2.5 (4) 

Newport.lnglewood - Onshore 7.0-7.2 4.4 (7) 

Palos Verdes-Santa Monica Bey 5.6 11.3 (18) 

Puente Hills Thrust--Santa Fe Springs & Coyote Hills 
segments 7.1 10.6 (17) 

Puente Hills Th rus t~os  Angeles segment 6.9 15 (24) 

Elysian Park Thrust 6.6 18.1 (29) 

Newport-lnglewood - Offshore 7.0 21.9 (35) 

;anta Monica 6.6 23.8 (38) 

W hittier-Elsinore-W hittier segment 6.9 19.4 (31) 

Hollywood 6.6 24.4 (39) 

Raymond 6.5 25 (40) 

Verdugo 6.7 26.3 (42) 

Sierra Madre 7.4 ~0 (48) 

Northridge 1.9 ~5 (56) 

3an Femendo 3.7 35.6 (57) 

.3ucamonga L0 ]6.3 (58) 

Whittier-E~nore-Gien Ivy segment 6.9 ~8.1 (61) 

Santa Susana 3.8 10.6 (85) 

Nhittier-Elsinore-Temecula segment r.0 t6.9 (75) 

~,an Andreas-Mojave segment ~.5 ~O.6 (81) 

~an Jaclnto-San Bernardino segment 3.75 32.5 (84) 

~,an Andreas-San Bemardino segment ~'.25 ~4.4 (87) 

3an Jacinto-San Jacinto segme~ r.0 56.3 (90) 

3an Jacinto-Anza segment A4 T4.4 (119) 

r.5 loo (t6o) 

Abbcevlation Type 

['HUMS - HB ~-RL 

~VF FtL-R 

~IIF ~L 

>VF-SMB RL 

=HT-SFS CH 
R 

~HT-LA R 

---PT R 

qlOF RL 

~,antaMon LL-RO 

NEWhittier RL 

-Iollywd LL-RO 

:~aymond LL-RO 

Verdugo R 

SierraMa R 

Northrdg R 

SanFem R 

Cucamong R 

NEGIenlw RL 

SantaSus R 

~/ETemecula RL 

SAMojave RL 

;JSanBer :~L 

SASanBer :lL 

SJ SanJac :tL 

SJAnza :IL 

SACoache ::IL 

SACarriz :IL 3an Andreas-Carrizo segment 7.75 

Distance 
mi (km) 

1.4 (2.2) 

106.3 (170) 

Not(m: LL*RO = Le(t lateral reverse oll~ue; R = Reverse; RL = R~ht-lateral: M,, = Moment Magnitude; 
Distance = c~¢mst distance from fau41 to site. 

The THUMS-HB is included as a potential seismic source based on correlation of recent 

(Edwards et al., 2001,2002, and 2003) subsurface borehole and high-resolution seismic 

reflection data. The data indicate uplift on the Wilmington anticline has apparently deformed 
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latest Pleistocene and possibly early Holocene strata. This uplift is inferred to be a result of 

reverse displacement on the blind THUMS-HB fault. 

Fault parameters selected for the PSHA are the same as or similar to those used by 

CDMG/USGS (1996). Where appropriate, more recent data on the faults considered to be 

seismic sources were used to modify the CDMG/USGS parameters. Except as noted below, 

the M,~x used for each source is the best estimate value based on historical seismicity, physical 

fault parameters (e.g. fault rupture length, fault rupture area, maximum surface displacement, 

etc.), and empirical relationships between these fault parameters and earthquake moment 

magnitude by Wells and Coppersmith (1994) and Dolan el. al. (1995). A range of values for 

M,~, are used for the Palos Verdes and Newport-lnglewood faults because these faults 

contribute the greatest amount to the seismic hazard at the site and there is uncertainty 

associated with some of the fault parameters (e.g. slip rate, rupture length and type, etc.). A 

logic tree was developed for each of these faults to account for the uncertainty in M,~, as well as 

the recurrence rate. A simpler logic tree was also developed for the recurrence of M,~ on the 

THUMS-HB fault. 

Strong ground motion for seismic design of the planned LNG facility was assessed consistent 

with criteda specified by the National Fire Protection Association Standard NFPA 59A. This 

assessment by URS (2003a) was also consistent with California Geologic Survey Note 48 

Checklist for the Review of Geologic/Seismic Reports for California Public Schools, Hospitals, 

and Essential Services Buildings. Probabilistic and Deterministic Seismic Hazard analyses 

indicated horizontal PGAs of 0.44 g and 0.88 g for the selected Operating Basis Earthquake 

(OBE) and the selected Safe Shutdown Earthquake (SSE), respectively. As specified therein, 

the OBE recurrence interval is 475 years and the SSE recurrence interval is 5,000 years for 

probabUistic hazard analyses. OBE and SSE magnitudes of 7.0 and 7.4, respectively, were 

selected for liquefaction assessment based on the results of the PSHA. The Palos Verdes fault, 

located 2.5 mi (4 kin) southwest from the site, was found to be the main contributor to the 

ground-motion hazard (Appendix 6-2, URS, 2003a). 
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6.3.3 Liquefaction and Lateral Spreading 

Liquefaction is a phenomenon whereby saturated granular soils undergo significant loss of 

strength when they are subjected to vibration or large cyclic ground motions produced by 

earthquakes. 

Loose, saturated granular soils (i.e., sands) are most susceptible to liquefaction. Factors 

affecting the potential for liquefaction are relative density, amplitude of loading, confining 

pressure, past stress history, age of soil deposit, the size, shape and gradation of soil particles, 

and the soil fabric structure. Liquefaction-induced ground settlement and lateral spreading have 

been the primary cause for extensive damage to aboveground structures, foundations and 

pipelines during historical earthquakes worldwide. 

According to the Maps of Seismic Hazard Zones prepared by the California Department of 

Conservation, Division of Mines and Geology (now known as the California Geological Survey), 

the Project, including the pipeline and electdc distribution line routes, is located within a 

liquefaction hazard zone (CDMG, 1998). 

The combination of high seismicity, shallow groundwater conditions and weak hydraulic fills with 

predominantly sandy and silty soils result in a significant potential for liquefaction at the LNG 

terminal site. Liquefaction-induced hazards at the site include post-earthquake settlements in 

the hydraulic fill area, and shaking-induced lateral deformations and potential instability of the 

existing waterfront structures (Appendix 6-1, URS, 2003b). 

Evaluation of the potential for liquefaction and shaking-induced settlements were performed by 

URS consistent with the Recommended Procedures for Implementation of DMG Special 

Publication 117o Guidelines for Analyzing and Mitigating Liquefaction in California. URS used 

the Liquepro software package (Civiitech Software, 2003) and other analytical methodologies 

(Seed and de Alba, 1986; Tokimatsu and Seed, 1987; Youd and Iddss, 2001). The results of 

the analyses show that for both the OBE and SSE events, the upper 65 feet (20 m) of loose to 

medium dense granular materials below groundwater tend to liquefy. However, intermittent silt 

and clay layers, in some cases of significant thickness, are present within this zone and will 

likely reduce the magnitude of liquefaction-induced settlements (Appendix 6-2, URS, 2003a). 
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Immediately after the earthquake, shaking-induced excess pore-water pressures in the 

hydraulic fills will dissipate, causing post-earthquake settlements in the fill area. The results of 

URS's analyses indicate that post-earthquake settlements could range from 7 to 20 inches for 

the OBE event and from 12 to 25 inches for the SSE event (Appendix 6-1, URS, 2003b). 

6.3.4 Tsunami 

Tsunami hazards along the Southern California coast may occur as a result of far-field (distant) 

earthquakes, local offshore earthquakes or submarine landslides in the continental borderland. 

The history of tsunamis in California from 1812 to 1975 is summarized by McCullough (1985). 

There have been no known southern California tsunamis since that time. No local southern 

California earthquakes have generated historical tsunamis of significance in Long Beach 

Harbor, including the 1933 event. There have been several historical tsunamis (1868, 1933, 

1946, 1952 (2 events), 1957, 1960, and 1964) from distant sources (e.g. Chile, Alaska, Japan, 

and Kamchatka) recorded in Long Beach or Los Angeles Harbors, the largest of which has a 

reliable record in the 5 foot (1.5 m) range. That event was the result of the 1960 Chile 

earthquake of M, 9.5, the largest known historical earthquake. Tsunami risk zone maps for 

California are not currently available from the National Oceanic and Atmospheric Administration 

(NOAh.) or California Office Emergency Services (OES). However, URS contacted Jose 

Borrero at he University of Southern California, who performed the recent tsunami modeling for 

NOAA/OES with Dr. Costas Synolakis. The modeled tsunami run-up values presented in the 

URS,2003a and in this report are based on their work. 

Estimates of runup heights and/or inundation have been developed, primarily from far-field 

sources. The most recent estimates for the Port of Long Beach area are a 100-year (Rico) 

runup height of +8 feet (2.5 m) and a 500-year (Rs0o) runup of +15 feet (4.6 m) (Synolakis, 

2003). While these estimates were not developed based on specific tsunami source scenarios 

with estimated probabilities of occurrence, these heights are considered to be representative 

values useful for emergency planning. The R10o value is considered to be most representative 

of far field (i.e. Alaska, Japan, South America subduction zone earthquakes) generated 

tsunamis, and the R~0o value is more representative of locally (continental borderland 

earthquakes and/or submarine landslides) generated tsunamis (Synolakis, 2003). The LNG 

terminal site elevation is approximately 25 feet (7.7 m) above mean lower low water (MLLW), 

which is above the estimated tsunami runup values. This would also be the case if the 500-year 
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runup of +15 feet (4.6 m) were to occur coincident with the historic high tide of +7.45 feet (2.3 

m) MLLW. Thus, the tsunami hazard at the site and along the pipeline is judged to be low. 

The estimated rate of eustatic sea level rise during the project lifetime is 0.04-0.08 inches per 

year (1-2 mrn/yr) (Intergovernmental Panel on Climate Change, 2001). Assuming a 50-year 

project lifetime, the eustatic sea level rise would be 2-4 inches (0.05-0.10 m). This amount 

would not be significant relative to the flooding or tsunami hazard at the site. 

6.4 ENVIRONMENTAL CONSEQUENCES 

The LNG facility and pipeline will be designed to withstand the design ground motions and 

secondary ground deformation in accordance with applicable regulations (e.g. NFPA 59A) and 

cedes (e.g. California Building Code), as well as the current state of the practice for seismic 

design of LNG tanks and pipelines. The POLB will evaluate the wharf and bulkhead stability 

with respect to the OBE and SSE and strengthen these as appropriate to meet the performance 

criteria for the LNG tanks and associated facility. The specific criteria and details will be 

determined during the design process based on the selected LNG tank design. If appropriate 

mitigation measures are deemed necessary to strengthen the wharf and/or bulkhead but are not 

implemented, the facility could be damaged beyond the level accommodated for in the structure, 

pipeline and tank design. Mitigation measures could include structural improvements to the 

wharf and/or bulkhead, ground improvement to stiffen the liquefiable soils, and/or foundation 

design to mitigate liquefaction (e.g. stone columns). 

The pipeline will be buried above the groundwater table and placed with granular or slurry 

backfill surrounding it. Therefore there is a low potential for significant impact to the pipeline 

from liquefaction. There is not a safety problem with welded steel pipeline during a liquefaction 

event, because even if a lens of liquefaction occurs along its length, it can span several hundred 

feet unsupported without failing. In addition, in a liquefaction event, the pipeline is more likely to 

be buoyed up or floated than it is to be without support, and again, it can withstand the floating 

pressure over several hundred feet. The pipeline may float up to just below the road base and, 

after the liquefaction event, have insufficient cover. This may require repositioning the pipeline 

but would not cause a rupture and would therefore not be a catastrophic event. In the case of 

the channel crossing, the drill is deep and is overlain be several clay lenses. While some may 

liquefy, not all would, and there is no chance that the pipeline would float out of its installed 
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location under the channel. The electric distribution lines will not be adversely impacted by 

liquefaction. 

No blasting will be required for construction of the project. 

No active surface faults are known to occur within the LNG terminal site boundaries nor along 

the proposed pipeline route. The site is not located within an Alquist-Priolo Earthquake Fault 

Zone. Consequently, there is no potential for surface fault rupture at the LNG terminal site or 

along the pipeline route (Appendix 6-2, URS, 2003a). Based on recent tsunami occurrence and 

runup models, the potential for damage due to tsunami at the site and along the pipeline route is 

judged to be low (Appendix 6-2, URS, 2003a) and project specific mitigation measures to 

mitigate a tsunami are not warranted. 

Construction and operation of the LNG facility will not affect petroleum recovery operations. All 

wells will be located in the field just prior to construction. The California Department of 

Conservation, Division of Oil Gas, and Geothermal Resources (DOGGR) conducts a 

Construction Site Review just prior to construction and provides a complete list of mitigation 

measures that must be incorporated into construction to protect active production and injection 

wells, as well as management techniques for dealing with abandoned wells. SES will assure 

that the Contractor applies for a Construction Site Review and abides by the terms and 

conditions of the Division's requirements. Conversely, continued oil production should have no 

effect on the operation of the LNG facility, as subsidence has been controlled and the area is 

now stable and under active management. New electric distribution line poles will be located 

away from any production, injection, or abandoned well. 
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Kellogg Brown and Root 
601 Jefferson Avenue 
Houston, TX 77002-7990 

Attention: Mr. Vinod Duggal 

Re: Final Geotechnical Report 
Proposed LNG Import Terminal Development 
Pier Echo, Terminal Island 
Port of Long Beach, California 
For Kellogg Brown and Root 
URS Job No. 33756065 

Dear Mr. Duggal: 

This letter transmits our Final Geotechnical Report for the proposed Liquefied Natural 
Gas (LNG) Import Terminal Development at Pier Echo in the Port of Long Beach, 
California. A summary of the site history and the field exploration and laboratory testing 
programs performed for the project are included herein. The report include, s a discussion 
of foundation and site improvement schemes to mitigate excessive total and differential 
static settlements, liquefaction-induced settlements and lateral spreading, and presents 
geotechnical recommendations for design and construction of the proposed LNG 
Terminal. 

We have greatly appreciated this opportunity to assist you with this challenging project, 
and am looking forward to continuing services throughout the design and construction 
phases. 

Sincerely, ~ . ~  

URS Corporation /~," f ~ -  "°:N ~ X  

":" Wolfgang H. Roth, Ph.D~R,~ j 
p~-iu'nCipal E n c ~ g i  neer/Vice-Pw, side ~ Senior 

911 Wllshlre Boulevard, SuRe 700 
LOS Angetes, CA 90017-3437 
Te~: 213.996.2200 
Fax: 213.996.2290 

r~al~pU.NO flai l  tq~- t  ~ 
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EXECUTIVE SUMMARY 

A geotechnical investigation was performed to develop design recommendations for the 
proposed Liquefied Natural Gas (LNG) Import Terminal at Pier Echo in the Port of Long 
Beach. California. The development will include two 255-foot diameter LNG storage 
tanks and other major structures and support facilities. The project site is bounded by the 
West Basin and Middle Harbor to the west and south, respectively. 

Following a review of historic site development and previous geotechnical reports, URS 
performed a site investigation including 9 exploratory borings, 13 cone penetratio.-a tests, 
and seismic-velocity testing. The northern portion of Pier Echo was reclaimed in the 
early 1940's, but most of the project site in the southern, portion was created during a 
second phase of reclamation in the early 1950's. Located in the south-west comer of Pier 
Echu, the site is on hydraulic fill which is retmned 'along the waterfront by a cellular steel 
sheetpile bulkhead in the south, and a rock dike with a pile-supported concrete wharf in 
tile west. 

Subsurface conditions consist of variable layers of loose to medium dense sands and soft 
silts and clays in the upper 80 feet, comprising hydraulic fill and estuarine deposits. 
These materials are underlain by dense to very dense marine sands and the predominantly 
~anular  sediments of the Gaspur Aquifer. As a result of oil extraction within the harbor, 
the project site experienced up to 14 feet of subsidence through the 1960's. Subsidence 
was an-ested in the 1970's by water injection. 

The site liquefaction potential was evaluated for an Operating Basis Earthquake (OBE) 
and a Safe Shutdown Earthquake (SSE); with horizontal peak ground accelerations of 
0.44g and 0.88=0 and corresponding magnitudes of 7.0 and 7.4, respectively. The results 
of our an;tlyses indicate that, without soil improvement, the upper 65 feet of loose to 
medium dense ~'anular materials below groundwater would liquefy, with estimated post- 
earthquake settlements on the order of 19 to 25 inches for the OBE and SSE events, 
respectively. 

Static settlements of the I.,NG tanks were analyzed under hydro-test loading conditions, 
in order to determine the need for ground-improvement to meet the specified settlement 
criteria. The analyses were performed in two steps. First, the compressibility of the 
foundation improved with stone-columns was evaluated with cylindrical axisymmetric 

unit-cell models consisting of a single stone column laterally confined by soil. The 
second analysis step involved full-size plane-strain models of the tank foundation 

consisting of horizontal continuum layers representing the composite (i.e. soil + stone 

columns) material behavior derived from the unit-cell model. 
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The results of our foundation analyses indicate that ground improvement and/or deep pile 
foundations will be necessary in order to avoid liquefaction-related damage, and to meet 
the stnngent static-seRlement criteria for the proposed LING tanks and other major 
structures. Foundation options satisfying these requirements include (1) stone columns 
installed after pre-loading the site with a 2S-foot surcharge fill; (2) stone columns 
installed after excavating the upper 15 feet of soils and subsequent replacement with 
engineered fill; (3) stone columns installed after excavating the upper 15 feet and 
subsequent construction of the tank at the bottom of the excavation; (4) driven piles 
installed after replacement of the upper 15 feet of soils with eng|neered fill; and (5) 
driven piles without soil replacement, but installed at closer spacing. 

The seismic performance of the existing waterfront structures with respect to their ability 
to provide adequate lateral confinement for the tank foundations was also analyzed for 
both stone-column and driven-pile foundation options. The analysis results suggest that 
both the existing pile-supported concrete wharf and the cellular bulkhead would suffer 
moderate to extensive structural damage during OBE and SSE shaking, respectively. 
However, these structures would still be capable of providing the necessary confinement 
for the LNG-tank foundations to withstand OBE and SSE shaking without suffering 
excess lateral or vertical deformations. 

The analysis results and recommendations provided bemin should be further refined for 
purposes of the final-design phase of the project. Besides performing additional borings 
and/or CPT probes to better define the significantly varying soil conditions of this site, 
the as-built dimensions and integrities of the water waterfront structures should also be 
investigated 
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FINAL GEOTECHNICAL REPORT 
PROPOSED LNG IMPORT TERMINAL DEVELOPMENT 

PIER ECHO, TERMINAL ISLAND 
PORT OF LONG BEACH, CALIFORNIA 

1.0 INTRODUCTION 

This report presents the results of a geotechnical investigation performed by URS 
Corporation (URS) for the proposed Liquefied Natural Gas (LN'G) Import Terminal at 
Pier Echo in the Port of Long Beach (POLB), California. Our general understanding of 
the project is based on information provided by Kellogg Brown and Root (KBR) and 
Sound Energy Solutions (SES), the project owner. The proposed project includes two 
new 255-foot diameter I..NG storage tanks and various support facilities and structures. 
The location of the site with respect to existing topographic features is shown on the 

Vicinity Map, Figure l-l. 

Our services have been performed as authorized by KBR Contract No. 6801-01-SC-001- 
03, dated June 5, 2003, in general accordance with URS Proposal No. 0303-040, dated 
March 6, 2003, our revised proposal, dated March 20, 2003, and KBR Technical 
Specifications K20-1C-6801, Technical Standards K20-1TS-6801 and K20-2TS-6801, 
and Purchasing Standard K20-1PS-6801. 

This report includes a discussion of the key geotcchnical issues pertinent to the proposed 
project, and our geotechnical recommendations for design and construction of the project. 
Regional tectonics and seismicizy, regional and local geology, and earthquake ground- 
motion hazards at the site are presented in a separate report prepared by URS, tided 
"'Final Report, Seismic Hazard Analysis for I.,NG Import Terminal, Port of Long Beach, 
California," dated September 10, 2003 (URS Job No. 33756066). 

Conclusions and mcommendadons presented in this report am based on subsurface 
conditions encountered at the locations of our explorations. Soil data obtained during our 
field explorations were observed and interpreted at our boring locations only. Conditions 
may vary between boring locations, and should not Ix: extrapolated to other areas without 

prior review of the geotechnical engineer. 

V 
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1.1 PROJECT DESCRIPTION 

The project site is located in the southwest comer of Pier Echo and includes Berths T-124 
through T-127. Pier Echo is located in the southeast comer of Terminal Island in the Port 
of Long Beach, as shown in Figure 1-1. The project site is bounded by the Pier T Hanjin 
Manne Terminal to the north, Arco Oil Terminal and Fremont Forest lumber facilities to 
the cast, and the West Basin and Middie Harbor to the west and south, respectively. 

The proposed project consists of development of a new LNG import terminal. The 
terminal will include two LiNG storage tanks, a LNG truck-loading storage tank, C~tC3 
extraction unit and tanks, re, condenser unit, boil-off gas (BOG) compressor unit. vehicle 
fueling station, administration and maintenance facilities, utility support infrastructure, 
parking areas, and an offshore berthing structure connected to the existing wharf on the 
west side of the site. Our scope of work did not include providing geotechnical 
recommendations for this berthing structure. 

The proposed 255-foot diameter, 168-foot high, LNG tanks will consist of an inner tank 
with double steel wails, housed w/thin a free-standing concrete wall. The 243-foot 

diameter, 122 ~h-foot high, inner steel tank will rest on a foam glass pad and will bc 

surrounded by expanded perlite ore insulation. The inner tank will be covered with an 

aluminum deck (with glass fiber insulation), which is suspended by hangers from the 

outer tank's domed roof. The outer steel tank will line the inside of the 255-foot outside 

diameter, pre-stressed concrete shell. The tank will be founded on a 260-foot diameter, 

4-foot thick reinforced concrete mat established at-grade. 

A 20-foot high concrete containment wall will surround the tank areas. Site preparation 

will include demolition of an existing building and pavements and utilities. A layout of 
the site with the proposed LNG tanks and terminal facilities is shown in Figure 1-2, and 
major structures and anticipated loads are summarized in Table 1-1. 

We understand that the project will also include a utility corridor connecting the LNG 

terminal to the existing gas grid. The selected pipeline alignment will likely include a 
channel crossing. Evaluation of this pipeline alignment was not included in our scope of 
work. 

1.2 PREVIOUS GEOTECHNICAL STUDIES 

URS (as Dames & Moore) has previously performed geotechnical investigations at Pier 

Echo for the following facilities: the Scrap Metal Handling Facility at Berths T-118 and 

T-It9 (Dames & Moore, 1993) and Arco Marine Tanker Terminal and Crude Oil 

I-2 
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Transfer Facility at Berth T-121 (Dames & Moore, 1981). These investigations included 
onshore and offshore mud-rotary borings and Cone Penetrometer Tests (CPT's) to depths 

ranging between 46 feet and 152 feet below the existing ground surface. 

URS has also performed numerous other geotechnical investigations within the general 

vicinity of the project site at Piers D, E, F, S, and T, and the Naval Station Mole. The 
geotechnical reports of these projects, as well as gcotechnical investigation reports 
prepared by other consultants within the vicinity of the project site, were reviewed during 
the current study. These reports arc summarized in the Reference section, and the Logs 
of Bonngs arc presented in Appendix A. Locations of these borings with respect to the 

project site are shown in Figure 2-1. 

1.3 PURPOSE AND SCOPE OF WORK 

The purpose of our geotechnical investigation was to explore and evaluate the subsurface 
conditions at the site in order to develop geotechnical recommendations for design and 
construction of the project. Our scope of work, as outlined in the URS proposal dated 
March 6, 2003, included the following tasks: 

• Review of available geotechnical data pertinent to the project site; 

• Preparation of a site-specific Health & Safety Plan for the field investigation; 

• Site reconnaissance to observe the existing site features and plan the proposed 

exploration locations; 

Contacting Underground Services Alert (USA) of Southern Califom'.a to 
identify subsurface utilities, and obtain clearance for exploration locations at 

the site; 

Geophysical survey at selected exploration locations to identify active utility 
pipelines and electrical conduits; 

Drilling and sampling eight (8) mud-rotary borings to depths ranging between 
100 feet and 160 feet below existing ground surface; 

• Advancing thirteen (13) CPT's to depths of I00 feet below existing ground 

surface; 

• Downhole seismic velocity testing within the 160-foot deep borings, drilled in 
the center of each proposed LNG storage tank; 

1-3 
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• Surface seismic velocity testing within the proposed footprint of each LNG 

tank; 

• Disposal of investigation-derived drilling wastes at an appropriate off-site 

facility; 

• Gcotechnical laboratory testing of representative samples to classify soils and 
evaluate their strength, compressibility and other pertinent geotcchnical 

characteristics; 

• Evaluation of site liquefaction potential, liquefaction-induced scttlemen:s and 

lateral spreading; 

• Seismic-stability evaluation of the site and existing waterfront structures, 
including development of potential wharf strengthening and/or replacement 

schemes; 

• Development of potential foundation and site improvement schemes, 
including evaluation of static total and differential settlements for these 

schemes; 

• Evaluation of the corrosion potential of the near-surface soils at the site; 

• Preparation of this cngine2ring report, which includes our findings and 

recommendations. 

Dunng the course of the geotechnical investigation, visual examination of soil samples 
collected from the borings was performed to identify obvious signs of soil contamination. 
However, a detailed environmental site characterization was not included in our scope of 

work. 

S:~ph~ hp~.NG fi~l r%'po~doc 
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TABLE 1-1 

PROPOSED MAJOR STRUCTURES AT LNG TERMINAL 

Structure 

I..NG Storage Tanks (x2) 

Truck-Loading Storage Tank 
(similar construction to large 

I 

I I-NG storage tanks) 

Dimensions 

255-footdiameter, 168- 
foothigh 

I C2Tank - supported on 13 legs 

Cs Tanks (x2) - supported on 11 
legs 

Demethanizer Tower 

Water Expansion Tank - 
supported by 2 saddle pedestals 

Vaporizer Fluid Units (x3) - 
supported on 4 legs 

BOG Compressors (x2) 

Booster Pumps Structure (x2) 

Main Piperack 

Tank Area Containment Wall 

Notes: N/A = Not Available 

65-foot diameter 

82-foot diameter 

Anticipated Load Conditions 
(kips) 

275,000 operating; 320,000 
hydrotest 

9,600 operating: 15,500 
hydrotest 

18,200 (1,400 per leg) operating; 
31,200 (2,400 per leg) hydmtest 

70-foot diameter 9,900 (900 per leg) operating; 
16,280 (1,480 per leg) hydrotest 

I 

850 operating; 1670 hydrotest 18-foot diameter, 

80-foot high 

12 ~-foot diameter, 

37-foot long 

29-foot diameter 

N/A 

25-foot high 

N/A 

20-foot high 

440 (220 per pedestal) 

600 (150 per leg) 

300 - 500 

Column loads of 125 axial and 8 
shear 

Maximum column loading of 300 
50 axial and %10 shear 

Pile loading of 60o120 
compression, 30060 tension, and 
8 lateral 
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2.0 FIELD EXPLORATION AND LABORATORY TESTING PROGRAMS 

Geotechnical field exploration and testing activities w e r e  initiated on June 19, 2003 and 
completed on June 30, 2003. All field activities were conducted under the supervision of 
a geotechnical engineer. The locations of the borings and CPT's  are shown in Figure 2-I. 

2.1 HEALTH AND SAFETY 

Drilling and soil sampling activities were performed in strict compliance with a site- 
specific Health and Safety Plan prepared by a certified URS Industrial Hygienist. The 
plan generally addressed the potential risks associated with conducting subsurface 
explorations at Pier Echo. Elements in the plan included emergency contacts, description 
of potential hazards, protection methods, safe work practices, respirator instructions, 
monitoring equipment operation, etc. 

2.2 UTILITIES/BORING CLEARANCE 

Prior to initiating any fieldwork, and in accordance with State regulations, URS contacted 
Underground Service Alert (USA) of Southern California regarding subsurface utility 
clearance at the site. USA responded by notifying various agencies that identified known 
underground utilities and subsurface obstructions on the property by marking the ground 
surface with color-coded paint. 

In addition, a geophysical survey was performed by GEOVision of Corona, California at 
select locations prior to the start of the investigation. The primary purpose of this survey 
was to identify active buried utility pipelines and electrical conduits at proposed 
exploration locations. Exploration locations were relocated where interference with 
utilities was observed. 

2.3 EXPLORATORY DRILLING PROGRAM 

A total of nine (9) borings were drilled to depths ranging from 16 ½ feet to 161 zA feet 
below the existing ground surface. All borings were drilled by C&L Drilling of La 
Habra, California using mud-rotary drilling equipment. Undisturbed samples of the 
subsurface soils were obtained using Dames & Moore Type-U and Shelby tube samplers. 
Standard penezration tests (SPT's) were also performed at scMcted intervals within the 
borings. A detailed description of the Exploratory Drilling Program, including Logs of 
Borings, is presented in Appendix B. 
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2.4 CONE PENETRATION TEST PROGRAM 

The drilling program was supplemented by performing thirteen (13) CPT's to depths 
ranging from. 93 feet to 100 feet below the existing ground surface. The CPT's consisted 
of pushing a cone-tipped probe into the subsurface soils, while electronically recording 
the cone resistance and local friction on the cone sleeve. The tests were performed by 
Gregg ln-situ Drilling of Signal Hill, California, in general accordance with ASTM D- 
3441-86. Parameters obtained from CPT's were used directly, or were correlated with 
other data. to estimate soil parameters. A detailed description of the Cone Penetration 
Test Program, including the Gregg In-Situ, Inc. report and CPT logs, is presented in 

Appendix C. 

2.5 SEISMIC VELOCITY SURVEY 

A seismic velocity survey was also performed at the site to obtain seismic P-wave and S- 
wave velocity measurements critical to the seismic risk analysis being performed by URS 
concurrently with the geoteehnical investigation. The survey was performed by 
GEOVision of Corona, California, and consisted of downhole and surface testing. 
Downhole testing was performed within the 160-foot deep borings drilled in the center of 
the I..NG storage tanks. The surface testing was performed along two lines within the 
footprint of each tank. A summary of the Seismic Velocity Survey Program, which 

includes the GEOVision report, is presented in Appendix D. 

2.6 GEOTECHNICAL LABORATORY TESTING PROGRAM 

Samples obtained from the borings were transported to our Los Angeles laboratory where 
they were further examined and classified. Selected samples were tested to evaluate 
index, strength, compressibility, and other pertinent geotechnical properties. A 
comprehensive description and results of the Geotechmcal Laboratory Testing Program is 
presented in Appendix E. Laboratory test results are also presented on the Logs of 

Borings in Appendix B. 

2.7 CORROSIVITY TESTING PROGRAM 

Eight (8) selected samples representative of the near-surface soils at the site were tested 
to evaluate corrosivity properties. Corrosivity testing was performed by M.J. Schiff & 
Associates, Inc. of Claremont, California, and consisted of performing thermal resistivity, 
electrical resistivity, pI-I, chloride, and sulfate testing. A summary of the Corrosivity 
Testing Program, which includes the M.J. Schiff report, is presented in Appendix F. 
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2.8 DISPOSAL OF INVESTIGATION-DERIVED WASTES 

Upon completion of drilling and sampling, excess drilling mud and soil cuttings were 
temporarily contained onsite in DOT-approved 55-gallon steel drums until disposal. 
Disposal was performed by American Integrated Services, Inc. (AIS) of Wilmington, 
California. AIS performed chemical testing on soil samples representative of the wastes 
in order to characterize the materials for disposal at an appropriate off-site facility. 
Chemical test data and waste manifest are presented in Appendix G, 

'~mlv 

V 
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3.0 SITE CONDITIONS 

3.1 SITE HISTORY 

3.1.1 Early Harbor Development 

Prior to development, the Terminal Island area consisted of the Wilmington Lagoon and 
Rattlesnake Island, a barrier beach located south of Wilmington Lagoon. In 1859, the 
area behind Rattlesnake Island was generally covered by "mudflats" that were dissected 
by numerous non-navigable channels (Weinman and Stickel, 1978). The southern 
boundary of Rattlesnake Island formedy followed the existing alignment of Ocean 
Boulevard. The original terminus of the Los Angeles River (the old San Gabriel River) 
was at the eastern end of Rattlesnake Island. 

Development of the harbor began in the late 1880's with construction of several jetty's 

and breakwaters. In the early 1900's periodic flooding of the Los Angeles River resulted 
in severe siltation of the harbor. In 1907, an entrance channel, protected by rock jetties, 
was constructed at the former outlet of the old San Gabriel River to connect the turning 
basin with several dredged navigable channels in the Long Beach Inner Harbor (Port of 
Long Beach, 1975). This channel would later be realigned and widened to become the 
Back Channel. The Cerritos Channel (along the north side of Terminal Island) was 
dredged to connect the Long Beach and San Pedro harbors in 1918. In 1923, the LOs 
Angeles River outlet was relocated to its present location through Long Beach. The first 
significant development on Temfinal Island was construction of the Southern California 
Edison Power Plant (now Long Beach Power Generating Facility) in 1910. 

3.1.2 Development of Pier Echo 

In 1925, a rock mole and bulkhead were constructed at the entrance channel, located 
within the current footprint of Pier Echo (POLB, 1983), as shown in Figure 3-I. Pier 
Echo was first developed in the early 1940's, when the Terminal Island Naval Base was 
commissioned. Development included the Naval Station and Shipyard (now the ]Her T 
Hanjin Terminal), the Naval Station Mole, and about 60 percent of present Pier Echo 
(then known as Pier E) extending out to the rock mole and bulkhead (Figure 3-I). 

Perimeter rock dikes were constructed to facilitate reclamation of this tint phase of Pier 

Echo. 
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The remainder of Pier Echo was reclaimed in the early 1950's. The hydraulic fill area 

was retained by a cellular steel sheetpile bulkhead at the south end and by rock dikes on 
the west and east sides (Figure 3-1). A wharf structure was constructed on top of the 
cellular bulkhead in 1955 (Berths T-122 through T-124). The pile-supported concrete 
wharf on the west side of Pier Echo (Berths T-125 through T-127) was constructed in 
1961. That same year, the U.S Government ceded Berths T-123 through T-127, which 

included the project site, to the City of Long Beach. 

3.1.3 Oil Extraction and Subsidence 

The Wilmington Lagoon area and oilfleld were a major source of oil extraction from the 
1930's through 1950's. At present, oil extraction continues within the Port, including at 
Pier Echo, with several oil wells in operation east of the project site. Significant 
subsidence due to oil extraction occurred within the Port areas from the 1940's through 
the 1960's. However, some minor amounts of regional subsidence, related to 
groundwater extraction and possibly natural basin-sediment consolidation, were noted as 

early as 1928. 

The maximum subsidence rate of abbut 2 feet per year was reached in 1951-1952 near 
the easterly end of Terminal Island, and northwest of the Harbor. A bowl-shaped 
depression of ground developed centered at the east end of Terminal Island, within Pier 
S, as shown in Figure 3-2. Pier Echo experienced subsidence on the order of 8 to 14 feet 

(POLB, 20O2). 

The subsidence was arrested in the 1970's by water injection into the oil reservoirs, and a 
small portion of the lost elevation has been restored. Horizontal movement and surface 
tilt due to rebound has not caused any detectable damage (Allen, 1975). As early as the 
1950's, the subsided areas were raised for rehabilitation and redevelopment (Port of Long 
Beach, 1975). Millions of tons of fill materials, consisting of land-based materials and 
dredged sediments, were placed in these areas including Pier Echo. 

3.2 SURFACE CONDITIONS 

3.2.1 Topography and Surface Drainage 

The project site has an existing ground surface elevation ranging from +20 feet to +25 
feet MLLW. The site is covered with asphalt pavement and several areas of concrete 
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~ S  

pavement along the west and south waterfront areas. Several miscellaneous concrete 
mats were observed at the site. A large warehouse-type (former Navy) building is located 

in the northern area of Pier Echo and extends into the project site (Figure 2-1). The 
southern and western perimeters of the project site are confined by a cellular bulkhead 
and a rock dike with a pile-supported concrete wharf, respectively. Surface drainage is 
by sheet flow and is directed into storm drains that empty into the harbor. 

3.2.2 Bathymetry 

The western and southern perimeters of the project site are bounded by the West Basin 
and Middle Harbor (Figure 1-1). Along the southern perimeter, the seafloor adjacent to 
the cellular bulkhead ranges from Elevation -41 to .-46 feet MU.,W, west to east (POLB, 
2003). The sea floor deepens to Elevation -78 feet MLLW as the Middle Harbor 

approaches the Long Beach Channel. Along the western perimeter, the sea floor adjacent 
to the wharf/dike ranges from Elevation -37 to -44 feet MIX,W, north to south (POLB, 
2003), deepening to about -55 feet MIJ.,W in areas recently dredged within the West 
Basin as a part of the Pier T Marine Terminal Development. 

3.2.3 Cellular Bulkhead 

A cellular bulkhead confines the southern 200 feet of the western perimeter and the entire 
southern perimeter of the project site. The bulkhead structure consists of 68-foot 
diameter steel sheetpile cells containing hydraulic fill (US Navy, 1973). The sheetpiles 
extend to an approximate elevation o f -57  feet MI.,LW (POLB, 1952). The original 
bottom deposits that comprise the former mudline were most likely left in-place inside 
and behind the cells. Half-circle shaped steel sheetpile walls connect each cell along the 
waterfront; they are supported by 110-foot long 2 I/2-inch diameter steel cables connected 

to 3-f0ot thick concrete deadmen, 6 feet in length and 6 feet wide. A detail of the 
bulkhead structure is shown in Figure 3-3. 

A 3-foot thick, 12-foot wide, concrete cap along the waterfront is supported by vertical 
concrete-filled, steel pipe piles on the waterside, and battered timber piles inside the ceils. 
The steel pipe piles extend to an approximate elevation of -64 feet MI.,LW; the lengths of 
the timber plies are unknown. A concrete deck, 2-foot thick and 68-foot wide, covers the 
bulkhead ceils. Crane rails are spaced 30 feet apart, with the waterside rail set back 

approximately 27 feet from the pierhead line. 
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3.2.4 Pile-Supported Whar f  

The western perimeter (except the southern 200 feet) of the site is confined by a rock dike 
with a pile-supported concrete wharf. The original dike was constructed during land 
reclamation in the 1940's and 1950's. Prior to construction of the dike, a portion of the 
seafloor was raised using 3-inch diameter rock. The dike was then constructed starting 
with what appears to be a clay base, and capped with quarry run materials including rocks 
greater than 12 inches in dimension (Borings B-6 and B-7 had drilling refusal in this 
material). While a clay base is atypical of today's dike construction, we understand that 
in the 1940's and 1950's it was not unusual. Based on Boring B-9, the clay base appears 

to be about 15 feet thick 

For construction of the wharf in 1961, the northern 500 feet of the existing slope from the 
1940% reclamation area was cut back and capped with a 5-foot thick rock blanket. A 5- 
to 15-foot thick rock blanket was placed to cap the existing slope in the southern portion. 
The rock blankets were sloped at 1 ~h:l horizontal to vertical and consisted of rock up to 

9 inches in diameter. 

The 1,400-foot long, 72-foot wide wharf consists of a 3.7-foot thick concrete deck 
supported on 9 rows of 18-inch diameter octagonal, pre-stressed, concrete piles (POLB, 
1961). The crane rails arc spaced 24 feet apart, with the waterside rail set back 10 feet 

from the pierhead line. The piles are spaced 5 feet on-center beneath the crane rails and 
10 feet on-center in the other 7 rows. Based on as-built drawings from repairs performed 
in 1978, the piles were driven to an approximate elevation of -75 feet MLLW. A detail 

of the wharf/dike system is shown in Figure 3-4. 

3.2.5 Miscellaneous Installations 

The site is crossed by a number of underground pipelines associated with former naval 
and oil operations, and more recent port activities. It is unclear which of the pipelines are 

active or inactive, or whether those that are indicated on the plans as inactive have been 
removed, abandoned in-place, or left untouched. Miscellaneous concrete mat 

foundations observed across the site most likely supported transformers and other 

electrical equipment. 
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3.3 SUBSURFACE CONDITIONS 

3.3.1 General  

Our interpretation of subsurface conditions is primarily based on data from borings, 
CPT's, and laboratory testing from our current site investigation. This information has 
been supplemented by the results of previous subsurface explorations performed at Pier 
Echo and in the general vicinity of the project site. Four cross sections were generated 
depicting generalized subsurface profiles as follows: Section A-A' in a north-south 
direction through both proposed LNG storage tanks; Section B-B' in an cast-west 
direction through the south LNG tank; Section C-C' in an east-west direction through the 
north L.NG tank; and Section D-D' in an cast-west direction through the northern area of 
the project site. The cross sections arc presented in Figures 3-5 through 3-8, and their 
locations are shown in Figure 2-I. In general, the subsurface materials may bc divided 

into four strata as follows: 

• Artificial fill materials, 

• Predominantly fine-grained estuarine deposits, 

• Predominantly coarse-grained marine deposits, and 

• Sediments of the Gaspur Aquifer. 

The subsurface conditions at the site were observed and interpreted at the locations of our 

explorations only. This information has been used as the basis of analyses and 
recommendations provided herein. Conditions may vary between borings and CPT's. If 
conditions encountere.d during construction differ from those described herein, our 
recommendations may need to be modified. 

3.3.2 Artificial Fill Materials 

Most of Terminal Island was man-made during various reclamation projects since the 
early 1900's. Most of the infilling was by hydraulic methods. However, fills placed after 

the occurrence of subsidence consisted of land-based materials placed by mechanical 

methods. As a re.sult, the artificial fills are highly variable, ranging from loose sands to 
soft, compressible silks and clays with varying degrees of in-situ strength. 

Fills were encountered in all borings, and were interpreted to be present in all the CPT's 
performed at the site. As shown on the cross-sections, the thickness of the fill materials 

is variable, ranging from approximately 45 to 55 feet below existing ground surface. The 

fills consist pre.dominantly of loose to medium dense sands and silty sands with 
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interbedded layers of sandy silts, plastic silts, clayey silts and silty clays. Over most of 
the southern portion of the site, the upper 20 to 25 feet of fill materials are predominantly 
fine-grained, consisting of sandy to clayey silts and silty clays, some of which are of very 
soft to soft consistency. However, north of the northern LNG storage tank, the upper 20 
to 25 feet of the fills appear to consist predominantly of sands and silty sands of loose to 
medium dense consistency. Below a depth of about 25 feet, the fills over the entire site 
area consist predominantly of loose to medium dense sands and silty sands, with layers of 
medium stiff to stiff fine-grained materials. SPT blow counts and CPT tip resistances 
ranged from 0 to 28 and 5 to50 tons per square foot (tsf), respectively. 

3.3.3 Predominantly Fine-Grained Estuarine Deposits 

A 25- to 35-foot thick layer of estuarine deposits was encountered below the fill materials 
in all borings and CPT's performed at the site. These deposits represent the former 
mudline prior to reclamation and consist predominantly of soft to stiff clayey silts, elastic 
silts, and silty clays with interbedded layers of loose to medium dense silty sands and 
sandy silts. SPT blow counts and CPT tip resistances ranged from 2 to 24 and 10 to 30 

tsf, respectively. 

3.3.4 Predominantly Coarse-Grained Marine Deposits 

Marine sands and silty sands, ranging in thickness from 5 to 20 feet, underlie the 
estuarine deposits. These materials range from dense to very dense in consistency, with 
isolated medium dense layers. Intermittent layers of fine-grained silt and clay materials 
were generally very stiff to hard in consistency. SPT blow counts and CPT tip resistances 
ranged from 28 to 70 and 175 to 250 tsf, respectively. 

3.3.5 Sediments of the Gaspur Aquifer 

The marine sands are underlain by the sediments of the Gaspur Aquifer to the maximum 
depth explored (161 ½ feet below the existing ground surface). The top of the Gaspur 
Aquifer sediments was encountered at elevations ranging from -65 to -75 feet MLLW (90 
to 95 feet below the existing ground surface). These sediments generally consist of very 
dense gravelly sands, sands, and sands with silt. SPT blow counts and CPT tip resistances 

ranged from 50 to 85 and 250 to 300 tsf, respectively. 

An approximately 2-foot thick, hard fine-grained layer, consisting of elastic silts and silty 
clays, was encountered at depths of 152 feet and 154 feet (oorresponding to an 
approximate elevation of -132 feet MLLW) below the existing ground surface in Borings 

3-6 
s:~Up~O~mIJ~r~loc 



Jnofflclal FERC-Generated PDF of 20040202-0038 Received by FERC OSEC 01/26/2004 in Docket#: CP04-58-000 

B-9 and B-l ,  respectively. This layer does not appear to be continuous across the entire 

project site, as it was not encountered in Boring B-2. 

3.3.6 Generalized Subsurface Profile 

Based on our interpretation of the field and laboratory data, we developed a generalized 
subsurface profile for the southern portion of the site where the LNG tanks will be 
located. The upper 20 to 25 feet of soils further nord~ appear to be more sandy than in the 
southern portion of the site. However, because the subsurface conditions beneath the 
specific major structures in the northern area must yet be verified, the soil profile 

developed for the LNG storage tanks was utilized for the ¢nti~ site. A summary of the 
generalized subsurface profile and material properties used in our analyses is presented in 

Table 3-I. 

3.4 GROUNDWATER CONDITIONS 

Groundwater at the site is controlled by tidal fluctuations within the West Basin and 
Middle Harbor to the west and south of Pier Echo, respectively. During the current 
investigation, groundwater was measured at depths ranging between 18 ½ to 22 ~ feet 
below ground surface (approximate elevations of +2 to -2 feet MLLW). The tidal range 
in the harbor generally varies between Elevations -2 and +7 feet MLLW, with an average 

level of +4.8 feet MLLW. 
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GENERALIZED SUBSURFACE PROFILE AND MATERIAl, PROPERTIES 
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4.0 LIQUEFACTION EVALUATION 

Liquefaction is a phenomenon whereby soils undergo significant loss of strength and 
stiffness when they are subjected to vibration or large cyclic ground motions produced by 
earthquakes. Typically, cyclic loading of saturated soils leads to the build up of excess 

pore-water pressure as a result of soil particles being rearranged with a tendency toward 

denser packing. Under undrained conditions (such as during earthquake shaking), loads 

are transferred from the soil skeleton to the pore-water with consequent reduction in the 

soils' shear strength. 

Saturated granular soils without cohesive fines (i.e. gravels, sands and silts) are most 
susceptible to liquefaction. Other factors affecting the potential for liquefaction in soils 
are density, amplitude of loading, confining pressure, past stress history, age of soil 
deposit, the size, shape and gradation of particles, and the soil fabric structure. 
Liquefaction-induced ground settlement and lateral spreading have been the primary 
cause for extensive damage to aboveground structures, foundations and pipelines during 

many earthquakes. 

The combination of high scismicity, shallow groundwater conditions and weak hy~ulic 

tills with predominantly sandy and silty soils result in a significant potential for 
liquefaction at the site. Liquefaction-induced hazards at the site include post-earthquake 

settlements in the hydraulic fill area, and shaking-induced lateral deformations and 

potential instability of the existing waterfront structures. 

4.1 EARTHQUAKE DESIGN BASIS 

4.1.1 Magnitude and Peak Ground Accelerations 

In conjunction with this study, and in accordance with the 2001 N'FPA 59A Standard for 
LNG tanks, Probabilistic and Deterministic Seismic Hazard Analyses (PSHA's and 
DSHA's, respectively) were performed for the project site for two levels of strong ground 
motion: (1) Operating Basis Earthquake (OBE), and (2)Safe Shutdown Earthquake 
(SSE). The results of these seismic evaluations are presented in a separate report (URS, 
2003) indicating horizontal peak ground accelerations (PGA's) of 0.44 g and 0.88 g for 
the OBE and SSE, respectively. Representative OBE and SSE magnitudes of 7.0 and 7.4, 
respectively, were selected based on the results of the PSHA, with the Palos Verdes fault 
the major contributor to the ground-motion hazard. These PGA and earthquake- 
magnitude values were utilized to evaluate the potential for liquefaction at the site. The 

response spectrum for the OBE is shown in Figure 4-1. 

4.1 
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4.1.2 Ground Acceleration Time Histories 

As part of the seismic studies, ground acceleration time histories were developed for the 
OBE and SSE. Three representative records were selected for the OBE, and scaled to 

make their response spectra more compatible with the OBE response spectrum at 5 
percent damping ratio. The records and scale factors are listed below: 

I. 1940 Imperial Valley, El Centro, NS component, scale factor = 1.43; 

2. 1979 Imperial Valley, Array #5, 230 degree component, scale factor = 1.11; and 

3. 1989 Loma Prieta, Gilmy #3, 90 degree component, scale factor = 1.33. 

The scaled OBE time histories are shown in Figure 4-2. The SSE time histories, shown 
in Figure 4-3, were taken as the OBE time histories scaled by a factor of 2, because the 
SSE was determined to be twice the OBE (URS, 2003). This record selection and simple 
scaling procedure were considered sufficient for the objectives of the analyses at this 

early stage of the project. 

4.2 LIQUEFACTION POTENTIAL 

According to the Maps of Seismic Hazard Zones prepared by the California Department 
of Conservation, Division of Mines and Geology, the project site is located within a 
liquefaction hazard zone. Evaluations of the potential for liquefaction and shaking- 
induced settlements were performed using the Liquepro software package (Civiitech 
Software, 2003) and other analytical methodologies (Seed and de Alba, 1986; Tokirnatsu 

and Seed, 1987; Youd and Idriss, 2001). 

In general, the above methodologies evaluate liquefaction potential for the site using 

empirical correlations based on SPT blow counts and CPT tip resistance data. To this 
end, a generalized subsurface profile was developed as discussed in Section 3.3.6 and 

summarized in Table 3-1. The site is generally underlain by up to 80 feet of artificial fill 
materials and estuarine deposits. Significant layers of loose to medium dense granular 
soils are present within the fill and, to a lesser extent, in the estuarine deposits. Since 
~m'oundwater at the site is controlled by tidal fluctuations, all soils below Elevation +5 
feet MLLW (approximate average level) were considered to be submerged for the 

purpose of our liquefaction analysis. 

The results of our analyses are presented in Appendix I-L Shaded areas within the 'Shear 
Stress Ratio' column represent soils with a factor of safety less than 1.3, i.e. potentially 
liquefiable. The results show that for both the OBE and SSE events, the upper 65 feet of 
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loose to medium dense granular materials below groundwater tend to liquefy. However, 

intermittent silt and clay layers, in some cases of significant thickness, are present within 
this zone and will likely reduce the magnitude of liquefaction-induced settlements. 

4.3 POST-EARTHQUAKE SETTLEMENTS 

Immediate[y after the earthquake, shaking-induced excess pore-water pressures in the 
hydraulic fills will dissipate causing post-earthquake settlements in the fill areas. The 
results of our analyses indicate that post.earthquake settlements could range from 7 to 19 
inches for the OBE event, and from 12 [o 25 inches for the SSE event. Liquefaction- 
induced settlements compose the majority of these settlements, with dynamic settlement 
of dry fill sands contributing up to 4 inches for the OBE event and up to 9 inches for the 
SSE event .  

Estimated post-earthquake settlements arc summarized in Table 4-i and presented in 
Appendix H. This report includes recommendations for liquefaction mitigation, so that 
post-earthquake settlements will not adversely affect the integrity of the proposed 
SEUCtUrcs. 

4-3 
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TABLE 4-1 

SUMMARY OF LIQUEFACTION ANALYSES 

Boring 
No. 

Operating Basis Earthquake (OBE) 

Liquefaction- 
Induced 

Settlement 
(inches) 

Seismic-Induced 
Dry Sand 
Settlement 

(inches) 

Total 

Liquefaction- 

Safe Shutdown Earthquake (SSE) 

Seismic-Induced 

Total Induced Dry Sand 
Settlement Settlement 

(inches) (inches) 

12.4 2.7 

18.9 0.O 

12.5 3.2 

14.4 0.0 

12.4 2.1 

15.7 9.5 

7.2 5.0 

B-1 ll.8 0.0 ll.8 15.1 

B-2 18.9 0.0 18.9 18.9 

B-3 12.2 1.3 13.5 15.7 

B-4 13.3 O.0 13.36 14.4 

B-5 12.6 0.0 12.6 14.5 

B-8 15.1 3.6 18.7 25.2 

B-9 6.1 0.6 6.7 12.2 
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5.0 WATERFRONT SEISMIC STABILITY AND DEFORMATION 

5.1 INTRODUCTION 

This section presents the results of two-dimensional (2-D) nonlinear, dynamic, effective- 
stress analyseS of the proposed 1.2qG storage tanks adjacent to the existing wharf 
structures. While we understand that POL,B is responsible for detailed seismic 
performance evaluation of the waterfront structures and development of strengthening 
and/or replacement schemes, i f  required, the objective of this evaluation was to assess 
how shaking-induced deformations of these structures might affect the lank foundation. 

Two 255-foot diameter, 168-foot high LNG storage tanks are to be sited very close to an 
existing cellular bulkhead to the south and an existing pile-supported concrete wharf to 
the west. The tanks will be placed over approximately 80 feet of artificial fill and 
estuarine deposits, much of which is liquefiable. Two tank foundation schemes were 
analyzed: ( l )  supporting the tanks on piles, and (2) improving the foundation soils with 
stone columns (a third option of stone columns wth replacement of ht eupper 15 feet of 
soils was considered similar to Option 2 for the purposes of shaking-induced deformation 
analyses, hence, no separate analysis was performed for this scheme). Dynamic analyses 
have been performed for both schemes, for two perpendicular cross-sections through the 
site. One section includes the pile-supported wharf, while the other includes the cellular 

bulkhead. 

Analyses were performed for both the OBE and SSE design earthquakes. The OBE is 
equivalent to POLB's Contingency Level Earthquake (CLE), which is POLB's standard 
design criteria for evaluating wharf and bulkhead structures. In addition, we understand 
from POI_.B that only minimal dredging, if requited at all, will be performed in the 
vicinity of the proposed offshore berthing structures; no dreding will be performed 
adjacent to the waterfront structures. As a result, the existing sea floor elevations were 

used in our modeling. 

5.2 TECHNICAL APPROACH 

The computer code FLAC, Version 4.0 (Itasca` 2000) was used to perform the seismic 
deformation analyses. FLAC is a two-dimensional explicit finite difference program for 
geotechnica] engineering and rock mechanics computations. FLAC offers a wide range of 
capabilities to solve complex problems in geomechanics, including nonlinear static and 
dynamic stress-strain analysis of soil continua, soil-structure interaction, and groundwater 

g:%philip%~NO final n~l)orr~doc 
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flow. FLAC has been thoroughly verified against closed-form solutions, physical models, 
and field-testing. 

Time domain, non-linear analyses were performed using a Mohr-Coulomb (linear 
elastic/perfectly plastic) soil model coupled with an empirical pore pressure generation 
scheme. Pore-pressure is generated in response to shear stress cycles, following the 
cyclic-stress approach of Sccd (Seed et al., 1976; Seed, 1979). However, unlike the 
standard cyclic stress approach where liquefaction potential is assessed as a post- 
processing step, pore-pressure generation is fully integrated with the dynamic analysis. 

Porc-pressures arc continuously updated for each element in response to shear stress 
cycles. Effective stresses decrease with increasing pore-pressure, and a state of 
liquefaction is approached for frictional materials. As the available shear strength 
decreases, increments of permanent deformation am accumulated. In addition, the plastic 
strains generated as a result of increased pore-pressures significantly contribute to the 
internal damping of the modeled earth structure. The simultaneous coupling of pore- 
pressure generation with the stress analysis results in a more realistic dynamic response 
than can bc achieved with equivalent-linear dynamic models. 

This framework, based on the Mohr-Coulomb soil model coupled with incremental pore- 
pressure generation, has been employed on various projects involving dynamic 
deformation analysis of dams (Roth et al., IS@l; Roth et al., 1993; Dawson ct at, 200I), 
analysis of dynamic soil-structore interaction of wharf structures (Roth et at., 1992), and 
prediction of dynamic centrifuge tests (Inel et al,, 1993; Roth and Inel, 1993). 

5.3 DESIGN EARTHQUAKES 

To perform 6me-domain analyses it was necessary to develop ground acceleration time 
histories for both the OBE and SSE. Thre, c representative records were selected for the 

OBE and scaled by factors to make their response spectra more compatible with the OBE 
response spectrum at a 5 percent damping ratio. The accelerograms were scaled so that, 

in the period band of most interest (0.0 - 1.0 seconds), the average of the scaled 

individual spectra approximates the OBE spectrum shown in Figure 5-I. The scaled OBE 

time histories are shown in Figure 4-2. For the SSE analyses, the OBE acceleration time 
histories were scaled by a factor of two as shown in Figure 4-3. The records and their 

scale factors arc discussed in Section 4.1. 
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5.4 SECTION C-C': TANK ADJACENT TO FILE-SUPPORTED WHARF 

The FLAC numerical mesh for Section C-C' is shown in Hgure 5-2. The edge of the 
proposed LNG tank is approximately 60 fee~ from the pile-supported wharf and 
underlying rock dike. The tank is placed over approximately 80 feet of potentially 
liquefiable artificial fill and esmarine deposits. The details of the wharf structure are 

discussed in Section 3.2.4. 

For the 2D numerical model, the circular I.,NG tank is approximated as an equivalent 

square with equal area. The mass of the tank is captured with a single row of continuum 

elements, braced with beam elements to provide additional stiffness. The 4-foot thick 

reinforced concrete mat beneath the tank is modeled with beam elements connected 

directly to the soil mesh. 

The wharf piles and deck are modeled by elasto-plastic beam elements capable of 
developing plastic hinges at pre-determined yield moments. The structural nodes of the 
piles are connected with the soil mesh through elasto-plastic p-y springs representing the 
lateral load-displacement behavior of single piles. The parameters for these springs were 
derived using the procedure, s recommended by the American Petroleum Institute 0987). 
Both, the piles' section properties and the p-y springs were adjusted to account for pile 
spacing, so that they represent equivalent properties per unit length of wharf. 

The FLAC model was subjected to horizontal shaking via an input acceleration history 

applied at the base of the model through an absorbing boundary. In order to minirmze 

lateral wave trapping and interference, the left and right sides of the mesh are also 

absorbing boundaries, but with real-time feedback from I-D "free field" computations 

simulating level ground conditions. The elasto-plastic soil constitutive model produces 
hysteretic damping at large strains upon reaching the yield strength. To provide damping 
for small strains in the elastic range, Rayleigh damping with a critical damping ratio of 3 

percent at a center frequency of 3 Hertz was used for all simulations. 

Soil properties used in the analysis are listed in Table 3-1, while properties for the wharf 
piles are listed in Table 5-1. Figure 5-3 shows the cyclic shear strength used for the loose 
silty sands found in the upper 80 feet of the subsurface profile. Cyclic shear strength is a 
measure of a material's susceptibility to liquefaction. 

5.4.1 Stone Column Foundation Scheme 

Analyses were performed for two different foundation schemes. In the first, the 
foundation soils are improved with stone columns, while in the second, the tank is 
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~ O  supported on piles. For analysis of the stone column scheme, the properties of the soils 
within the dashed rectangle shown in Figure 5-2 were replaced with effective composite 

properties representing stone-column reinforcement. The properties used for the 
improved soil are listed in Table 5-2. To help stabilize the wharf and embankment, the 

stone column area was extended out to the toe of the rock dike. 

Simulations were run for all three acceleration time histories for both the OBE and SSE. 
Typical shaking-induced excess pore pressures can be seen in Figure 5-4, which shows 
pore-pressures at the end of shaking for the OBE using the 1940 El Ccntro acceleration 
time history. Typical shaking-induced permanent displacements can be seen in Figure 5- 
5. The embankment and wharf displace laterally several inches, with the wharf deck itself 

moving out laterally about 7 inches. Damage to the piles is illustrated in Figure 5-6, 
which shows a close-up view of the wharf with displacements exaggerated 20 times. Two 
plastic hinges (marked with a P) have formed just below the deck at the back of the 

wharf. 

Computed displacements of both the existing wharf and the proposed LNG-tank 
foundation for all earthquakes analyzed are summarized in Table 5-3. The wharf and 
embankment move outward 4 to 10 inches for the OBE and 2 to 4 feet for the SSE. The 
tank foundation settles up to about i and 5 inches for the OBE and SSE, respectively. 
Lateral displacements of the tank foundation are essentially zero and up to about 4 inches 

for the OBE and SSE, respectively. 

5.4.2 Piles Foundation Scheme 

Another foundation scheme considered was supporting the tank directly on piles. 
Analyses were performed for an array of 24-inch octagonal pre-streased concrete pile, s in 
a triangular pattern with a center-to-center spacing of 7 ~ feet. The piles are connected 
directly to the tank mat and extend 95 feet down into the very dense sands. Structural 
properties used for the piles are listed in Table 5-4. Typical shaking-induced permanent 

displacements for the pile case are shown in Figure 5-7 for the OBE. 

Computed displacements of both the existing wharf and the proposed I.,NG-tank 
foundation for all earthquakes analyzed are summarized in Table 5-5. The wharf and 
embankment move outward 6 to 12 inches for the OBE, and 3 to 4 feetfor the SSE. 
Tank-foundation settlements are essentially zero for both the OBE and SSE; and lateral 
displacements of the tank foundation are up to I and 6 inches for the OBE and SSE, 

respectively. 
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5.5 SECTION A-A': TANK ADJACENT TO CELLULAR BULKHEAD 

The FLAC numerical mesh for Secdon A-A' is shown in Figure 5-8. The edge of the 
proposed LNG tank is approximately 80 feet from the cellular bulkhead that confines the 
southern perimeter of the site. Soil properties used in the analysis are listed in Table 3-1, 
and details of  the bulkhead structure are discussed in Section 3.2.3. 

The bulkhead structure was simulated in the 2-D numerical model by an equivalent-stiffness 
structural frame with hydraulic fill placed between the two vertical flame legs representing 
the bulkhead walls. In order to simulate the hoop action of the circular bulkhead eel]s, the 
vertical frame members were linked horizontally by cables. Ultimate strengths values for 
these cables were derived from the interlock strength between sheetpiles. The resistance of 
the bulkhead to shear distort/on was approximated by placing diagonal cables in the frame, 
whose equivalent yield strengths were derived from friction in the sheetpile locks. Stru:tural 
properties for the cellular bulkhead am listed in Table 5-6. 

5.5.1 Stone Column Foundation Scheme 

For analysis of the stone column tank foundation scheme, the properties of soil within the 
dashed rectangle shown in Figure 5-8 were replaced with effective composite properties 
representing stone-column reinforced soil. The properties used for the improved soil are 
listed in Table 5-2. To help stabilize the cellular bulkhead, the stone column area was 
extended out to the edge of the bulkhead. 

Simulations were run for all three acceleration time histories for both the OBE and SSE. 
Typical shaking-induced permanent displacements can be seen in Figure 5-9, which 
shows computed displacements for the OBE using the 1940 El Centre acceleration time 
history. The pierhead line of the bulkhead displaces laterally about 3 inches. The 
deformed shape of the cellular bulkhead is illustrated in Figure 5-10, which shows a 
close-up view with displacements exaggerated 50 times. 

Computed displacements of both the existing wharf and the proposed LNG-tank 
foundation for all ea.,lhquakes analyzed are summarized in Table 5-7. The wharf and 
embankment move outward 2 to 3 inches for the OBE and 6 to 7 inches for the SSE. The 
tank foundation settles up to about 0.6 and 1.3 inches for the OBE and SSE, respectively. 
Lateral displacements of the tank foundation arc essentially zero and up to about 3 inches 
for the OBE and SSE, respectively. 
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5.5.2 Piles Foundation Scheme 

Analyses for Section A-A' were also run for a pile-supported tank. Typical shaking- 
induced permanent displacements are shown in Figure 5-11 for the OBE. The pierhead 

line of the bulkhead displaces laterally about 5 inches for the OBE. 

Computed displacements of both the existing wharf and the proposed LNG-tank 
foundation for all earthquakes analyzed are summarized in Table 5-8. The wharf and 
embankment move outward 4 to 6 inches for the OBE and 6 to 7 inches for the SSE. The 

tank foundation settlements are essentially zero for both the OBE and SSE; and lateral 
displacements of the tank foundation are up to I inch for the OBE. For the SSE the 
shaking-induced lateral displacements of the tank foundation are up to 4 inches for the 

scaled 1940 El Centre and 1989 Loma Prieta records. 

Notwithstanding the above, the SSE-scaled 1979 Imperial Valley record produced a 
somewhat atypical seismic response of the tank foundation, with computed lateral 
displacements reaching up to 3 feet. This effect may be due to its response spectrum 
significantly exceeding the design spectrum for relatively long periods in excess of 2 
seconds (see Figure 5-I), plus the fact that the piles are loosing lateral support as the 

unimproved upper soils liquefy during SSE shaking. 

5.6 CONCLUSIONS 

The seismic performance of the waterfront structures with respect to their ability to 
provide adequate lateral confinement for the tank foundations was analyzed for both 
stone-column and driven-pile foundation options. The analysis results suggest that both 
the existing pile-supported concrete wharf and the cellular bulkhead would suffer 
moderate to severe structural damage during the OBE and SSE events, respectively. 
However, these structures would still be capable of providing the necessary confinement 
for the LNG-tank foundations to withstand OBE and SSE shaking without suffering 
excess lateral or vertical deformations. The seismic performance of structures 
immediately adjacent to the wharf and/or bulkhead structures should be evaluated based 
on the more detailed seismic performance analyses to be performed by POI..B. 
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TABLE 5-1 

PROPERTIES OF WHARF PILES 

Property Value 

Diameter (inches) 18 

I (in 4) 5,745 

A (in 2) 268 

6.5 x l0 s E (ps0 

I Plas~c Moment (kip-feeO 234 
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TABLE $-2 

EFFECTIVE PROPERTIES FOR STONE-COLUMN IMPROVED SOIL 

Soil 

Type 

Silty Clay 

Silty Sand 

Silty Clay 

Silty Sand 

Stiff Clay 

Depth Unit 
Weight 

(feet) (pcO 

0-20 114 

20-55 130 

55-65 125 

65-70 130 

70-80 130 

Cohesion 
(psf) 

200 

200 

800 

200 

1200 

Friction 
Angle 

(degrees) 

33 

Shear 
Wave 

Velocity 

(rps) 

600 

35 720 

33 720 

870 35 

33 900 

Poisson 
Ratio 

0.35 

0.30 

0.45 

0.30 

0.45 

~ S  

Notes: 

pcf = pounds per cubic foot 
psf = pounds per sclua-~ foot 
fps = feet per second 
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TABLE 5-3 

SHAKING-INDUCED PERMANENT DISPLACEMENTS 

SECTION C-C' WITH STONE COLUMNS 

Wharf Deck Lateral 
Displacement (inches) 

1940 

El 
Centro 

6.5 

OBE 

1979 
Imperial 
Valley 

9.6 

1989 
Loma 
Prteta 

4.5 

Tank Mat 

Settlement 

(inches) 

Tank Mat 

Lateral 

Displacement 

(inches) 
I 

Waterside 

Center 

Landside 

Waterside 

Center 

Landside 

0.9 2.3 1.0 

0.2 2.7 0.1 

0.7 3.7 0.6 

0.1 0.0 0.1 

0.1 0.1 0.1 

0.1 0.1 0.1 

1940 

El 
Centro 

26 

3.4 

1.0 

SSE 

1979 
Impertal 

Valley 

44 

1989 
Loma 
Prteta 

24 

4.7 2.5 

3.4 1.2 

0.5 5.0 2.4 

0.2 2.0 

2.0 

2.0 

0.2 

0.2 

3.8 

3.8 

3.8 
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TABLE 5-4 

PROPERTIES OF PILES SUPPORTING THE LNG STORAGE TANKS 

Property Value 

Diameter (inches) 24 

I (in 4) 18,217 

A (in 2) 478 

E (ps0 6.5 x I08 
I 

Plastic Moment (kip-feet) 600 
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TABLE 5-5 

SHAKING-INDUCED PERMANENT DISPLACEMENTS 

SECTION C-C' WITH TANK SUPPORTED BY PILES 

~ 4  

Wharf Deck Lateral 
Displacement (inches) 

1940 

El 
Centro 

Tank Mat 

Lateral 

Displacement 

(inches) 

7.3 

OBE 

1979 
Imperial 

Valley 

12 

1989 
~ m  
~ e ~  

6.1 

1940 

El 
Centro 

34 

SSE 

1979 
Imperial 

Valley 

53 

1989 
Loma 
Prieta 

32 

Waterside 0.I 0.I 0.I 0.I 0.I 0.I 
Tank Mat 

Settlement Center 0.I 0.I 0.I 0.I 0.I 0.I 

(inches) Landside 0.1 0.I 0.I 0.1 0.I 0.I 

Waterside 0.2 0.1 1.3 1.2 6.3 l.? 

Center 

) Landside 

0.2 

0.2 

0.0 

0.0 

1.3 

1.3 

1.2 

1.2 

6.3 

6.3 

1.7 

t.7 
f 
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TABLE 5-6 

PROPERTIES OF CELLULAR BULKHEAD SHEETPILES 

Property Value 

I (fi4) 1.9 x 104 

A (ft 2) 0.033 

E (ps0 4.2 x 10 9 

Interlock Strength (kips/inch) 16 

I Interlock Friction Coefficient 0.3 
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TABLE 5-7 

SHAKING-INDUCED PERMANENT DISPLACEMENTS 

SECTION A-A' WITH STONE COLUMNS 

Pierhead Line Lateral 
Displacement (inches) 

1940 

El 
Centro 

2.5 

OBE 

1979 
Imperial 

Valley 

2.5 

1989 
Loma' 
Prieta 

1.8 

1940 

El 
Centro 

7.2 

SSE 

1979 
Imperial 

Valley 

6.0 

Tank Mat 

Sett]emcnt 

I (inches) 
i 

Tank Mat 

I Lateral 

Displacement 

(inches) 

1989 
Loma 
Prie~ 

7.2 

Waterside 0.4 0.5 0.6 1.3 1.2 0.0 

Center O. I O. I O. I 0.9 1.2 0.0 

Land,side 0.0 0.0 0.0 1.3 1.2 0.0 

Waterside 0.0 0.0 0.0 0.3 0.0 3.1 

Center 0.0 0.0 0.0 0.3 3.1 

0.0 0.0 0.3 

0.0 

0.0 0.0 Landside 3.1 
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TABLE 5-8 

SHAKING.INDUCED PERMANENT DISPLACEMENTS 

SECTION A-A' WITH TANK SUPPORTED BY PILES 

Pierhead Line Lateral 
Displacement (inches) 

1940 

El 
Centro 

Tank Ma.t 

Lateral 

Displacement 

(inches) 

4.8 

OBE 

1979 
Imperial 

Valley 

5.5 

1989 
Loma 
Prieta 

4.4 

1940 

El 
Centro 

7.1 

SSE 

1979 
Imperial 

Valley 

6.0 

1989 
Loma 
Prleta 

72  

Waterside 0.1 0.0 0.1 0.1 0.2 0.0 
Tank Mat 

Settlement Center 0.1 0.1 0.1 0.1 0.2 0.0 

(inches) Landside 0.1 0.1 0.1 0.1 0.2 0 0  

Waterside 0.1 0.0 0.8 1.2 35.0 38 

Center 0.1 0.0 0.8 1.2 35.0 3 8 

0.0 0.8 1.2 35.0 0.1 Landside 3.8 

v 
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6.0 FOUNDATION ANALYSES 

6.1 LNG STORAGE TANKS 

6.1.1 Settlement Design Criteria 

As specified by KBR, maximum allowable differential settlements for the LNG storage 
tanks are 1/300 along the tank radius, and 1/500 between any two points along the tank 
perimeter: and the maximum allowable tilt of the tank is 1/500. 

6.1.2 Settlement Analyses 

Static settlements of the LNG tanks were analyzed under hydrotest loading conditions, in 
order to determine the need for ground-improvement to meet the specified settlement 
criteria. We understand that the 255-foot diameter, 168-foot high, LNG tanks will have 
2-foot thick outer concrete walls and be founded on a 260-foot diameter, 4-foot thick 
concrete mat sitting on the ground surface. The weight of the tank and foundation mat, 
plus an applied fluid pressure equivalent to 125 percent of the tank design LNG level 
amounts to a total load of about 5,800 pounds per square foot (psf). This load was applied 
at the ground surface at Elevation +20 feet MLLW, and the groundwater table was at 
Elevation +5 feet MLLW, which represents the average tide level. The generalized 
subsurface profile discussed in Section 3.3.6 was used for all settlement analyses. 

C',,,q~osite (Soil + Stone Columns) Compressibility 

Tank settlements were analyzed in two steps with the explicit finite-difference program 
FLAC. First, the compressibility of the foundation improved with stone columns was 
evaluated utilizing an elasto-plastic Mohr-Coulomb model with a volume yield cap. To 
this end, a cylindrical, axisymmetric unit-cell model was established consisting of a 
single stone column laterally confined by the soil layers of the generalized subsurface 
profile. The compression of each composit+" layer (i.e. soil with stone columns) in 
response to vertical loading was analyzed by prescribing a displacement boundary 

condition in the form of a constant downward velocity at the top of the modal. 

The material properties assumed for the stone columns include a Young's Modulus of 
3,000 kips per square foot (ks0, a Poisson's Ratio of 0.35 and a friction angle of 40 
degrees. The soil matrix surrounding the stone column corresponds to the generalized 

subsurface profile described in Section 3.3.6, and the properties of the unimproved soils 
in this profile are summarized in Table 3-1. For the simulation of stone columns installed 

6-I 
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~ 4  

without prior pre-loading, these soils were assumed to be normally consolidated, i.e. 

overconsolidation ratio (OCR) of 1.0, and for the case with pre-loading, OCR was 
adjusted to reflect the effect of surcharging. For the sandy soils in this profile, the 

compressibility after densification due to stone column installation was estimated to 

increase to a value equivalent to a CPT tip resistance of 200 tsf. This estimate was based 
on recent experience with stone column installations in similar soils at Pier 400 in the 

Port of Los Angeles. 

Figures 6-1 and 6-2 show the stress-strain plots for the different composite layers 

resulting from analysis runs simulating soil improvement with stone columns installed 
with and without prior pre-loading of the site, respectively. As indicated in these figures. 

the stress-strain curves are distinctly nonlinear, showing a sharp decrease in modulus 
upon reaching an applied-load increment of 4,000 psf with pre-loading and 2,600 psf 

without pre-loading. Constraint moduli derived from these plots, for soil improvement by 

stone columns with and without pre-loading, are listed in Table 6-1. 

"12mk.kSmmlatio, t Mcd¢l 

The second analysis step involved a full-size plane-strain model of the tank-foundation 
soils represented by horizontal continuum layers with composite (i.e. soil + stone 
columns) material parameters from the unit.cell model described above. The width of the 

plane-strain model was adjusted to represent a square with an area equal to the area of the 

round 260-foot diameter tank-foundation mat. For this second analysis step, a simple 
elasto-plastic Mohr-Coulomb model was utilized. Elastic bulk and shear moduli were 
derived from the constraint moduli listed in Table 6-1, based on elasticity theory, and are 

presented in Table 6-2. 

Settlement analyses were performed for both a perfectly flexible tank bottom (i.e. no mat) 
and a tank sitting on a 4-ft thick concrete mat placed on the ground surface. The load was 

applied in increments, so that the accumulated vertical-stress build-up could be tracked in 
each soil element, and the elastic moduli decreased upon exceeding the threshold value of 

2.600 psf without pre-loading and 4,000 psf with pre-loading. 

6-2 
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6.1.3 Existing Soils Without Soil Improvement 

The settlements for tanks founded on existing, unimproved soils wen: estimated for 
perfectly flexible foundations assuming Boussinesq stress distributions and utilizing SPT 
blow counts and consolidation test data for drained loading conditions. The majority of 
the settlements resulting from the load imposed by the LING tanks are generated in the 
upper an=ficta] fills and underlying ¢stuarine deposits. We estimated that total settlements 
of LNG tanks founded on unimproved soils would be about 3 feet beneath the tank 
perimeter, and about 5 feet beneath the center of the tank. The resulting differential 
settlement of about 2 feet far exceeds the settlement tolerance criteria for this project. 

6.1.4 Soil Improvement with Stone Columns 

Additional analyses were performed to evaluate the effectiveness of stone columns in 
reducing total and differential settlements beneath the LNG tanks. For our analyses, we 
assumed an area-replacement ratio (at) of about 0.17, corresponding to a triangular 
protein of 42-inch diameter stone columns at 8-foot center-to-center spacing. The stone 
column.~ were extended to depths of about 80 feet below the existing ground surface. 

For the tank under hydrotesting loading conditions and assuming a perfectly flexible 
toundution (i.e. no mat) we estimated settlements of 21 and 37 inches beneath the tank 
perimeters and center, respectively, resulting in 16 inches of differential settlement. 
Including the 4-foot thick mat in the model produced corresponding settlements of 32 and 
38 inches, or 6 inches of differential settlement. The results of our settlement analyses 
for this case are presented in Figures 6-3 through 6-6 and summarized in Table 6-3. 

Since the differential settlements reported above exceed the specified 5-inch criteria, the 
tbllowing options for improving sculement performance were further investigated: (I) 
stone columns combined with preloading the site; and (2) stone columns combined with 
excavation/replacement of the upper soft soils. A third option of merely increasing the 
area-replacement ratio (a,) by spacing the stone columns closer together was briefly 
considered, but then dismissed. This, because preloading or soil replacement are 
considered to be prudent additional improvement measures given the very poor and 
highly variable soil conditions, particularly within the upper 20 to 25 feet of the site. 

6.1.5 Site Improvement with Pre-Loading and Stone Columns 

In order to further reduce the magnitude of differential settlements, we evaluated pre- 
loading the tank foundation soils with a 25-foot high surcharge fill prior to the installation 
of stone columns. For the tank under hydrotesting loading conditions and assuming a 

6-3 
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perfectly flexible foundation (i.e. no mat) we estimated settlements of 6 and 13 inches 
beneath the tank perimeters and center, respectively, resulting in 7 inches of differential 
settlement. Including the 4-foot thick mat in the model produced corresponding 
settlements of 9 and 13 inches, or about 4 inches of differential settlement. The results of 
our settlement analyses for this case are presented in Figures 6-7 through 6-10 and 

summarized in Tables 6-3 and 6-4. 

6.1.6 Stone Columns and Replacement of Upper Fills 

Should lack of available materials or schedule constraints preclude pre-loading the site, a 
feusible alternative for support of the LNG storage tanks would be removal of the upper 
15 feet of fill materials combined with installation of stone columns. For this option, all 
poor quality, highly compressible materials above the groundwater table are replaced 
with engineered fills of low compressibility characteristics. Stone columns, 
:,pproximately 65 feet deep, are then installed at the excavation subgrade level, prior to 
backfilling with the engineered fills, for improvement of the underlying fills and 
estuarine deposits. The settlement results for this case arc presented in Table 6-3. 

Another option would be to construct the tank at the bottom of the excavation. Either 
way. the settlement performance of this removal/replacement option is expected to meet 
the specified differential-settlement criteria of this project. 

6.1.7 Driven Piles 

If the proposed project schedule does not allow implementation of either of the above- 
mentioned site development options the LNG tanks may be supported on driven piles. 

.:h ial ¢.l~.citie.s 

Driven to tip elevations of about -80 feet MLLW, allowable pile capacities for 14- and 
[6qnch square and 24-inch octagonal piles are presented in Tables 6-5 and 6-6. Table 6- 
5 presents pile capacities for support of the LNG storage tanks and other structures 
without any subsurface improvements; Table 6-6 presents capacities with improvement 
of the soils in the upper 15 feet of the site. Allowable capacities with and without 
downdrag are presented. Downdrag results from loss of soil strength due to liquefaction 
during an earthquake, acting as a downward force on the pile. 

Axial capacities were estimated based on conventional analyses using the methods 
outlined in Chapter 5 of the NavFac Design Manual 7.02 for displacement piles. A pile 
load test previously conducted in the Port of Los Angeles (Erickson and Anderson, 1988) 

6-4 
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confirmed the ultimate capacities for 24-inch octagonal piles. The allowable downward 
and upward capacities include a factor of safety of at least 2.5. 

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 
,:pacing, it will not be necessary to reduce axial capacities for group action. 

The use of bitumen coatings or polyethylene sheeting on pre-cast concrete piles will 
reduce downdrag forces and increase the allowable capacities of the piles. The lower 10- 
feet of the piles should not be coated so that full end-bearing of the pile can be utilized. 
Specific recommendations about thickness and installation of these layers can be 
provided on a case-by-case. Past experiences with these applications have shown that 
dox~ndrag forces could be reduced by as much as 50 to 70 percent (Fellenius, 1998, and 
Withwotth et.al., 1993) 

The axial capacities may be increased by one-third to account for short-term loading due 
to wind or seismic forces. Settlements of the pile foundations are expected to be less than 
~ inch. excluding elastic compression of the piles under design loads. 

L,  teral Res(,~'tqnce 

Resistance to lateral loads will be provided by the resistance of the soil against the pile, 
pilecaps, grade beams, and by the bending strength of the pile itself. The lateral capacity 
and maximum induced bending moments for 14- and 16-inch square, and 24-inch 
octagonal piles, presented in Tables 6-7 through 6-9 for free-head and fixed-head 
conditions and pile head deflections of 3/8-inch and 1 inch. Table 6-7 presents lateral 
capacities for the existing soil conditions at the site; Table 6-8 presents capacities with 
improvement of the upper 15 feet of the site; Table 6-9 presents capacities for the 
nt~t'll'Jertl area Ol the site (north of the LNG tanks), where the upper fills appear to be more 
granular than the rest of the site. While the more granular soils to the north contribute to 
increased lateral capacities, the greater adhesion and friction of these soils cause larger 
downdrag forces and reduced axial downward capacities, as shown in Table 6-6. 

Lateral pile resistance can be considered linearly proportional up to l-inch of deflection. 
At full-fixity, the maximum induced bending moment occurs at the pile cap connection. 
There is no reduction in lateral capacity provided there is a center-to-center spacing of at 
least 3 pile widths 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. Linear interpolation may be used for center-to-center spacing 
between 3 and 8 pile widths. 

6-5 
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Additional lateral resistance may be provided by passive resistance against the embedded 

portion of the pile cap. Passive pressure available in existing onsite soil and compacted 

structural fill may be taken as equivalent to the pressure exerted by a fluid weighing 175 

and 350 pounds per cubic foot (pcf'), respectively. 

6.2 OTHER MAJOR STRUCTURES 

Other major structures proposed for the project include a truck-loading LNG storage 
tank. C, and C; tanks, water expansion tank, demethanizer tower, vaporizer fluid units, 

BOG compressors, and booster pump structures. The following sections discuss our 
evaluation of potential foundation schemes, including total and differential settlements. 

for these structures. 

6.2.1 Estimated Loads 

Estimated loads for other major structures, based on data provided by KBR, range as high 

as 6,600 psf. Uniform loads for each major structure are summarized in Table 6-I0. The 
e,cJsting ground surface was assumed to be at Elevation +20 feet MLLW, and the 
groundwater table was assumed at Elevation +5 feet. MI.,LW (average tide level), with 

tidal influences neglected. 

6.2.2 Settlement Design Criteria 

As specified by KBR, the criteria for tolerable differential settlements for other major 
structures within the LNG terminal are as follows: 

I. l-inch total or ~A-inch differential settlement between adjacent foundations other 
than large flexible foundations, such as for storage tanks; and 

2. 0.01D total or 0.005D differential settlement for large flexible foundations, such 
as for storage tanks, where D is the least width dimension or diameter. 

6.2.3 Foundation Options 

Sever"at of the proposed major structures for the LNG terminal are anticipated to have 
heavy loading, equivalent to the I.,NG storage tank loads on the order of 5,800 psf, 
including the truck-loading I..NG storage, C 2 and C, tanks, and dsmethanizer tower. For 
these structures the same foundation options as discussed in Section 6.1 may be utilized 

to meet the differentia] settlement criteria. However, since the total settlement critena for 
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these structures is more stringent than for the LNG storage tanks, stone columns would 
have to be placed at a closer grid, or the upper soils removed and recompacted. Hence, 
driven piles would appear to be the most feasible foundation scheme for support of these 
structures. Likewise, for other major structures, as detailed in Table 6-10, the time and 
cost required for pre-loading and installation of stone columns would appear to be 
impractical. Therefore, we also recommend driven piles for support of these structures. 

Axial and lateral load pile capacities for these structures arc presented in Tables 6-5 and 
6-9, respectively. 

6-7 
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TABLE 6-1 

IDEALIZED CONSTRAINED MODULI FOR SETTLEMENT ANALYSIS 

Layer Constrained Modull (ksO 

Stone Columns with Pre-Loading (n Stone Columns without Pre-Loading t,~ 

Stress Increase Stress Increase Stress Increase Stress Increase 
I < 4,000 psf (El) > 4,000 psf (E2) < 2,600 psi' (El) > 2,600 psf (E2) 
~_____.__ 
I 

[ 1 190 110 35 90 
r 

2 2,500 1,750 1,850 2,300 

3 1,250 120 125 140 
r 

I 4 4,200 800 1,400 1350 
r 

: 5 3,200 290 260 240 

Notes: 

ksf = kips per square foot 
psf = pounds per square foot 
(1) Constrained moduli of the soil layers, E 1 and E2, are based on the figure shown below. 

Axial Stress 
Increase (psf) 

E2 

2,600/4,00( 

El  

Axial Su'ain (%) 



( (, ( 

TABLI," 6-2 

BULK AND SIII:AR MODUI,I OF IMI)ROVI~.I) SOILS 

Soil Depth 

Type (feet) 

Silty Clay 0 -20 

Silty Sand 20-55 

Silty Clay 65-55 

Silty Sand 70-65 

Stiff Clay 80-70 

Stone Column without Preloadlng 

Stress Increase 
<4,000 )sf (El)  

Bulk Shear 
Modulus Modulus 

(ksO (ksO 

130 45 

1,550 710 

I,lO0 llO 

600 1,200 

2,800 290 

Stress ldcrease 
> 4,000 )sf (E2) 

Bulk Shear 
Modulus Modulus 
(ksO (ksO 

75 25 

1,080 500 

105 I0 

500 230 

250 25 

Stone Column with Preloading 

Stress Increase 
< 2,600 )sf (El)  

Bulk Shear 
Modulus Modulus 

(ksf) (ksf) 

25 8 

1,140 525 

llO 12 

870 400 

225 25 

Stress Increase 
> 2,600 )sf (E2) 

Bulk Shear 
Modulus Modulus 

(ksf) (ksO 

6O 20 

1,42O 650 

120 13 

1,100 500 

210 20 

0 

0 

M 

I 

fO 

fO 

0 

t~  
Q 
Q 

Q 
t~  
Q 
t~  

I 
Q 
Q 

fO 
0 
fO 

fO 

M 

0 

M 

Q 

t~  

t~  
Q 
Q 

0 
0 

fO 

0 

I 
U1 
CO 

I 
0 
0 
0 
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TA B I .E 6-3 

SUMMARY OF ESTIMATI"I) SETTi.I,:MENTS DUE TO LNG TANK LOAI) 

I 

2 

3 

4 

5 

6 

Scenario 

Stone Columns 
without Pre- 

Loading 

Stone Columns 
with Pre- 
Loading 

Repl~ement of 
Upper 15 feet 

and Stone 
Columns 

Without Mat 

With Mat 

Without Mat 

Under Tank Center 

Estimated Settlement (inches) 

Immediate Consolidation 

2 35 

2 36 

8 4 

9 4 

2 II 

2 11 

Total 

37 

38 

12 

Under Tank Perimeter 

Immediate 

6 

Consolidation 

21 

31 

0 

Total 

22 

32 

6 

Differential 

15 

6 

6 

With Mat 13 8 I 9 4 

Without Mat 13 6 I 7 6 

With Mat ! 3 1 7 8 5 

0 

0 

M 

I 

fO 

fO 

0 

t~  
Q 
Q 

Q 
t~  
Q 
t~  

I 
Q 
Q 

fO 
0 
fO 

fO 

M 

0 

M 

Q 

t~  

t~  
Q 
Q 

0 
0 

fO 

92 

0 

I 
U1 
CO 

I 
0 
0 
0 
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TABLE 6-4 

ESTIMATED SETTLEMENTS DUE TO 25-FOOT HIGH SURCHARGE FILL 

Immediate 

18 

S e t t l e m e n t  ( inches )  

C o n s o l i d a t i o n  

32 

Total 

50 

D u r a t i o n  
(months) 

Total Settlement Compression 5 

Rebound NA NA 9 2 

After 3-month Compression 18 24 42 3 

surcharge period I Rebound NA NA 7 I 
i I 

Notes: 
NA = Not Applicable 
(I) 90 percent of consolidation will occur within 5 months. The remaining 3 inches of settlemem 
~viH occur over a 2 to 3 year period. 
(2) Assumes a uniform rate of fill placement during a l-month construction period. 

v 
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TABLE 6-5 

AXIAL PILE CAPACITIES FOR EXISTING SOIL CONDITIONS 

Pile 
Dimension 

14-inch 
square 

Minimum Pile 
Length (feet) 

90 

Axial Downward 
Capacity without 
Downdrag (kips) 

310 

Axial Downward 
Capacity with 

Downdrag (kips) 

160 

Axial Upward 
Capacity (kips) 

140 

I6-inch 90 390 220 160 
square 

24-inch 90 600 380 225 
octagonal 
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TABLE 6-6 

AXIAL PILE CAPACITIES WITH IMPROVEMENT OF UPPER 15 FEET OF SOILS 

Pile Minimum Pile 
Dimension Length (feet) 

14-inch 
square 

90 

Axial Downward 
Capacity without 
Downdrag (kips) 

310 

Axial Downward 
Capacity with 

Downdrag (kips) 

135 

Axial Upward 
Capacity (kips) 

145 

16-inch 90 390 190 170 
square 

24-inch 90 600 340 240 
octagonal [ 

v 
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TABLE 6-7 

LATERAL PILE CAPACITIES FOR EXISTING SOIL CONDITIONS 

Pile 
Dimension 

14-inch 
square 

? 

i Pile Head 
Deflection 
(inches) 

t 

24-inch 
octagonal 

i 

3/8 

I 

3/8 
I 

Fixed-Head Condition 

Lateral 
Load 
(kips) 

17 

35 

Maximum 
Induced Moment 

(kip-feet) 

90 

220 

23 140 
16-inch 

square I 1 44 310 
/ 

48 385 i 318 

I 1 i 
100 920 

Free-Head Condition 

Lateral 
Load 
(kips) 

8 35 

13 70 

I0 50 

17 II0 

18 130 

35 300 

Maximum 
Induced Moment 

(kip-feet) 

I t e m s  
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TABLE 6-8 

LATERAL PILE CAPACITIES WITH IMPROVEMENT OF UPPER 15 FEET OF SOILS 

Pile 
Dimension 

14-inch I 
square [ 

I 

Pile Head 
Deflection 

(inches) 

318 

Free-Head Condition Fixed-Head Condition 

La~ra l  Max imumlnduced  
Load(kips) Moment(kip-feet) 

40 170 

80 385 

50 235 

100 525 

105 660 

205 1,450 
I 

Lateral 
Load (kips) 

16 

Maximum Induced 
Moment (kip-feet) 

60 

1 31 135 

: 3/8 21 85 
16-inch : 

I 

sqw,rc ! 1 40 190 
i 

L 3/8 45 230 
24-inch 

°crag°hal I i 82 490 
I 
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TABLE 6-9 

LATERAL PILE CAPACITIES FOR OTHER MAJOR STRUCURES 

NORTH OF THE LNG TANKS 

Pile 
Dimension 

Pile H e a d  
Def lec t ion  

( inches)  

Fixed-Head Condition 

Lateral Maximum Induced 
Load (kips) Moment (kip-feet) 

Free-Head Condition 

Lateral 
Load (kips) 

Maximum Induced 
Moment (kip-feet) 

14-inch 3/8 30 140 11 45 

square 1 62 300 23 110 

3/8 38 190 14 60 
16-inch 
square I i I 80 450 30 150 I 

I 3/8 75 520 28 160 
24-inch 

octagonal ! 1 165 1,250 62 390 
I 
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7.0 DISCUSSION AND RECOMMENDATIONS 

7.1GENERAL 

The proposed LNG terminal site is underlain by up to 80 feet of artificial fills and 
estuanne deposits consisting of loose to medium dense sands and relatively compressible 
silts and clays. These materials are generally unsuitable for direct support of the 
proposed LNG storage tanks and other major structures, with the anticipated heavy loads 
causing significant total and differential static settlements. In addition, the predominantly 
granular layers are liquefiable under the design seismic (OBE and SSE) events. 

In order to reduce the differential settlements to meet the specified tolerance criteria, the 
LNG storage tanks and other major structures may be supported on deep piles or on the 
existing soils with ground improvements. Ground improvement methods considered to 
be most appropriate for this site include stone columns in combination with pre-loading 
or replacement of the upper soft soils above the groundwater table. Compared to more 
rigid pile foundations, a mat foundation on improved ground maintains full contact with 
the sod mass during earthquake shaking. This provides a significant amount of damping, 

x~ hit:h reduces.the seismic forces transmitted to the tank structure. 

7.2 SITE IMPROVEMENT WITH STONE COLUMNS 

Vibro-replacement stone columns improve the liquefaction resistance of the soils both 
through densification and by providing preferred drainage paths for the dissipation of 
shaking-induced excess pore;pressures; thereby mitigating liquefaction-induced 
settlements and lateral spreading. Stone columns arc installed by vibroprobes inserted 
into the ground, laterally displacing and d~nsifying in-situ materials. The created space is 
backfiHed with coarse gravel (stones) compacted with the vibroprobe in multiple layers. 
Settlements are reduced by transferring applied vertical loads to the stiff stone columns, 
and also by densification of the in-situ soils between the columns. The overall settlement 
improvement factor that can be achieved is a function of soil type, silt and clay content, 
initial density, vibrator type, stone shape and durability, and stone-column diameter and 

spacing. 

Stone columns should be installed to depths of about 80 feet below the existing ground 
surface to the dense marine sand layer. Based on the results of our analyses, we 
recommend a triangular pattern of 42-inch diameter columns at g-foot center-to-center 
spacing, giving an area replacement ratio of about 0.]7. A detail of the recommended 
stone column configuration is presented in Figure 7-1. In general, the stone-column 
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improved urea should extend a minimum 40 feet beyond the tank footprint. However, 
due to the potential seismic instability of the waterfront structures, we recommend 
extending the improvement area to the toe of rock dike and the cellular bulkhead on the 
west and south sides of the tank arc& respectively. 

Stone column installation may generate subsurface lateral movements that potentially 
have an adverse impact on the wharf and/or bulkhead structures. Therefore, we 
recommend initiating installation adjacent to these structures, continuing towards the 
tanks, i.e. from the wharf moving to the east and from the bulkhead moving to the north. 
In addition, care should be exercised when installing stone columns adjacent to the 
concrete deadmen supporting the bulkhead structure. Stone columns should be installed 
simultaneously on both sides of the deadmen. 

The gradation of the stone column material should be sized to provide good drainage for 
the surrounding soil, but also prevent clogging. To ensure an effective permeability and 
prevent clogging, recommendations for stone gradation am presented in Figure 7-1. 

The results of our settlement analyses indicate that differential settlements for the case of 
stone column without preloading am close to the settlement criteria. However, due to the 
highly variable and compressible soils in the upper 20 feet, we recommend preloading or 
removal and recompaction in any case. 

7.3 PRE-LOADING 

We recommend pre-loading the tank areas with a surcharge of fill prior to installation of 
stone columns in order to reduce differential settlemants and meet the settlement criteria. 
This method of site improvement was effectively used for support of the L.NG storage 
tanks in Penuelas, Puerto Rico (Diunes & Moore. 1995). By pre-loading first, the 
loose/sot'| soils beneath the tanks consolidate under the full weight of the surcharge load. 

In contrast, when pre-]oading after installation of stone columns the subsurface soils are 
consolidated with only a fraction of the surcharge weight, due to stress concentration in 
the stone columns. Surcharging after installation also increases the possibility of 
contaminating the stone columns with fines migrating from the consolidating soils, 
thereby reducing permeability and impeding the dissipation of excess pore-water pressure 
during earthquake shaking. 

We recommend a 25-foot high surcharge fill, with the full height extending the entire 
tank diameter. In order for the subsurface soils to experienee the full effect of the 
surcharge loud, the 25-foot fill height should be left in-place for a period of 3 months. 
Based on our previous surcharging experience at sites within the Port with similar 
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V 

subsurface conditions, namely at Berths T-118 and T-119 at Pier Echo (Dames & Moore, 
1993l. Pier F (Dames & Moore, 1990), Pier S (Dames & Moore, 1999), and Slip-2 at Pier 
E (URS, 2001), this height of surcharge and duration of pre-loading should be sufficient 
to alloy, completion of immediate settlements in sands and up to 80 percent of primary 
consolidation in silts and clays interlayered with fine sands. Settlements anticipated to 
occur during pre-loading are presented in Table 6-4. Instrumentation should be installed 
to observe settlements and pore-pressure dissipation during surcharging and any potential 
subsurface lateral movements that may have adverse impacts on the adjacent waterfront 
StrUCtUreS. 

Near-future and ongoing projects at POLB may have an excess of materials available for 
the surcharge fill. For example, dredging of the Back Channel (on the east side of Pier 
Echo) wiiI likely be performed early to mid-2004. This project may potentially have 
300.000 to 500,000 cubic yards of dredge sediments available for temporary use, which 

would be more than enough for surcharging the LNG tank sites. 

If dredge materials are used to surcharge the site, a containment dike will need to be 
constructed. Based on our previous experiences during reclamation of Slip-2 at Pier E at 
POLB (URS. 2001) a slope of 2:1 horizontal to vertical is recommended for the dike to 
mmntmn overall static slope stability. Alternatively, if land-imported fill materials are 
utilized, we recommend a l I/a:l slope. Fill should be placed in accordance with the 

recommendations presented in Section 7.7 

In order for the stone columns to effectively dissipate excess pore-pressures generated 
during an earthquake, the tank mats should be underlain by a minimum 3-foot thick 
compacted gravel layer. The gravel layer should consist of Caltrans Class lI cnlshed 
miscellaneous base (CMB) materials, compacted to at least 95 percent of the maximum 
dry density per ASTM D-1557. The Caltrans Class It gradation criteria are presented in 
Table 7-2. 

7.4 REPLACEMENT OF UPPER FILLS 

As an alternative to pre-loading, differential settlements could be reduced to meet the 
settlement criteria by removal and replacement of the upper poor-quality fills beneath the 
proposed LNG storage tanks. For this option, we recommend excavation of the upper 13 
to 15 feet of the site soils, to an elevation above the highest anticipated tide level of +7 
teet MLLW. These materials should be replaced with engineered fill, placed in 
accordance with the requirements in Section 7.7 
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The major drawback of this option is that the majority of fills in the upper 15 feet of the 
tank areas consist of silts and clays, unsuitable for re-use as engineered fill. Therefore. in 
addition to removing these materials from the site, suitable fill materials will have to be 

imported. 

Alternatively. consideration may be given to constructing the LNG storage tanks at the 
bottom of the excavation. The excavation may even be expanded to include the tank-spill 
containment area, with the outer earth retaining walls doubling as spill ,containment. 
Such a configuration would also allow the tanks to be base-isolated, if required. 

7.5 DRIVEN PILES 

As an alternative to the ground improvement schemes discussed above, driven piles are 
also suitable for support of the LNG storage tanks. Octagonal, 24-inch diameter pre- 
stressed concrete piles, driven into the sediments of the Gaspur Aquifer, are typically 
used in the Port area for support of heavy structures. The Gaspur Aquifer was 
encountered between Elevations -65 and -75 feet MLLW at the project site (90 to 95 feet 

below the existing ground surface). 

Potential vibrations from pile driving operations and their effect on adjacent facilities 
may need to be evaluated. If required, pile-driving operations can be controlled and 
vibration isolation devices/techniques can be used to keep them below a prescribed level. 
Recommendations for design of driven piles axe presented in Section 6.1.7. 

While driven piles are feasible for support of the tanks, their anticipated low damping 
ratio combined with the large PGA's of the OBE and SSE response spectra developed for 
the site will likely require base isolation. Furthermore, as a result of post-earthquake 
settlements, we anticipate large downdrag forces acting on the piles. 

7.5.1 Pile Installation 

Piles should be ddven to effective refusal with a hammer having a rated energy of 
I00,000 foot-pounds per blow. For preliminary estimating purposes, the effective refusal 
criteria for piles are presented in Table 7-3. The driving rig should be equipped for 
predri]]ing. However. predrilling should only be performed as directed by the 
geotechnical engineer. If utilize, d, the diameter of predrilled holes should be at least 2 to 

4 inches smaller than the pile size. Removal of obstructions may be necessary in some 
areas. 

V 
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Bused on the results of current and previous investigations, we do not anticipate 
subsurface obstructions at Pier Echo, with one exception. Based on review of old 
construction drawings, the rock jetty constructed in 1925 (as discussed in Section 3.1.2 
and shown in Figure 3-I) appears to extend in an east-west direction across the northern 
edge of the site. The exact location of this jetty could not be verified. Past experiences in 
the port area have shown that driven piles may encounter refusal within this rock dike. 
Therefore. we recommend performing additional exploration (such as CPT's) to verify 
the location of this dike, specifically to ensure it is not located under the northern LNG 
tank. If the rock dike is located beneath proposed structures, we recommend driving 
md0caLor piles to confirm whether the piles can penetrate through the rock, as discussed 
in the following section. 

Caution must be exercised during driving through the upper medium dense/stiff so;is into 
the underlying loose/soft hydraulic fills to avoid pile damage. Prior to commencement of 
pile installation, the proposed pile driving equipment should be evaluated by wave 
equation analyses. Jetting should not be used for the concrete piles. 

7.5.2 Indicator Pile Program 

We recommend that several indicator test piles be installed at the site at selected locations 
to develop required pile lengths and criteria for production piles. Prior to installing the 
indicator piles, we recommend that CPT tests be performed at each location of the 
proposed test piles to provide data for correlation between CPT data and pile-penetration 
resistance. 

All indicator piles should be driven with Pile Driving Analyzer (PDA) testing; and at 
least one pile should be load tested in axial compression and tension in order to calibrate 
PDA testing for the production piles. The piles to be tested should be selected, based on 
the results of the installation monitoring of the piles. Compression and tension load 
testing should be performed in accordance with ASTM D-1143 and D-3689, respectively. 
Prior to commencement of the load tests, the pile contractor should submit equipment 
details, proposed pile load test setup, together with hydraulic jack calibration charts, and 
other pertinent information. 

The indicator and pile-load test program should be performed under the continuous 
supervision and monitoring by the geotechnical engineer of record. I~tailed description 
and results of the indicator and load-test program should be provided in a separate 
Addendum Report upon completion of the program. The report should confirm the 
recommended pile capacities based on the load tests, and also discuss any remedial 
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measures to supplement the capacity of any production piles that may fail to meat the 

specified criteria. 

7.6 SHALLOW FOUNDATIONS 

7.6.1 General 

The proposed LNG terminal will likely include construction of various buildings and 
other structures not detailed in this report, such as administration and maintenance 
buildings, electrical substations, fueling facilities, etc. Depending upon the design loads. 
shallow foundations (such as spread footings or mat foundations) with site improvement 
may he suitable for use to support these structures. Site improvement may consist of 
stone columns or deep dynamic compaction (DDC) for heavier structures; and 
mechanically stabilized earth (MSE) composites or aggregate base sections placed 
beneath shallow foundations for lighter structures. DDC is currently being utilized for 
ground improvement beneath new buildings during the final construction phase of the 
Pier T Hanjin Terminal, located immediately north of the project site. We recommend 
performing additional subsurface explorations within the proposed footprints of future 
buildings and structures in order to provide specific recommendations for the design of 
shallow foundations. 

7.6.2 Subgrade Preparation 

Non-settlement sensitive, isolated structures may be supported on spread footings. In 
order to provide adequate support for these structures on shallow foundations, and to 
limit static settlements to within tolerable limits, we recommend improvement of the soils 
immediately underneath the footings. The depth of improvement below the bottom of 
footings is directly related to the size of the footings; 2 feat wide footing should be 
established on a minimum 5 feet of engineered fill; and 5 feat wide footing should be 
established on a minimum 10 feat of engineered fill. For intermediate footing widths, 
the depth of improvement can be obtained by linear interpolation. Engineared fill should 
be placed in accordance with the requirements of Section 7.7. 

7.6.3 Bearing Capacity 

All footings should b¢ a minimum of 2 feat wide and established at a minimum depth of 
2 feet below the lowest adjacent final grade. An allowable bearing pressure of 3,000 
pounds per square foot (psf) may be used for spread footings established on compacted 
fill in accordance with the above re.commendations. The bearing pressure may be 
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increased by 200 psf for each additional foot of width and by 500 psf for each additional 
foot of depth, to a maximum value of 5,000 psf. The depth of embedment and width of 
the footings should be limited to 5 feet. 

The allowable bearing pressure is a net value. Therefore, the weight of the foundation 
and the backfill over the foundation 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. For shallow foundations installed in accordance with the above 
recommendations, the allowable bearing pressure value may be increased by one-third for 
short-term loading due to wind or seisrmc forces, as the potentially liquefiable soils are 
below the influence zone of shallow foundations. 

7.6.4 Static Settlements 

Total static settlements of individual spread footings will vary depending on the width of 
the footing and the actual load supported. Total static settlements of footings, designed 
and constructed in accordance with the preceding recommendations are estimated to be 
less than 1-inch. Differential settlement between similarly loaded footings may be 
assumed to be about half of the total settlement. Footing settlements have been estimated 
based on anticipated loading conditions. Static settlements of spread footings are 
expected to occur rapidly as a result of elastic compression of the supporting engineered 
fills and should be essentially complete following initial application of the loads. 
Estimated settlements versus bearing capacity for various footing widths are presented in 
Figure 7-2. 

7.6.5 Lateral Resistance 

Resistance to lateral loads may be provided by frictional resistance between poured-in- 

place concrete foundations and the underlying compacted soils and by passive soil 
pressure against the sides of the footings. The coefficient of friction between poured-in- 
place concrete footings and the compacted soils may be taken as 0.4. Passive pressure 
available in the compacted backfill may be taken as equivalent to the pressure exerted by 
a fluid weighing 350 pounds per cubic foot (pcf) with a maximum allowable value of 
3.500 psf. The above-recomracnded values include a factor of safety of at least 1.5; 
therefore, frictional and passive resistances may be used in combination without 
reduction. 
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7.6.6 Seismically-Induced Settlements 

Shallu~ tbundations constructed in accordance with the recommendation above will 
perlorm satisfactory under static conditions. However, unless more rigorous soil 
improvement measures (i.e. stone columns or Deep Dynamic Compaction) extending to 
the full depth of loose soils are implemented, seismically-induced settlements may range 
as high as 25 inches. Structures supported on shallow footings may require repair or 
rebuilding after a major earthquake event. To limit seismically-induced liquefaction 
settlement, the loose soils below groundwater table should be improved with stone 
columns, or structures may be supported on pile foundations. 

7.7 SITE EARTHWORK 

7.7.1 Site Preparation 

Site preparation will involve demolition and removal of existing buildings, surface 
structure~, asphalt pavements, and concrete pavements and curbs. Prior to site grading. 
any debns, vegetation, and remnants of the demolition work should be removed and 
dJ~po.,,ed of outside the construction limits. All active or inactive utilities within the 
proposed construction area should be relocated or abandoned. Any pipes to be 
abandoned in-place should be filled with sand-cement slurry after review of their location 
and approval by the geotechnical engineer. 

Where overexcavation and replacement with engineered fill is recommended, excavations 
should extend beyond the footprints of the proposed structure to a distance equal to the 
depth of engineered fill below the bottom of the structure, but at least 5 feet 

Subgrades should be proofrolled to locate any soft or loose zones. Proofrolling will 

involve several passes with a heavy rubber-fired equipment and observing the reaction of 
the subgrade under the wheel loads. Observed loose or soft zones should be compacted 
in-place or excavated and replaced with properly compacted backfill. If the disturbe, d 
zone is greater than about 12 inches in depth, gootextiles should be utilized to stabilize 
the excavation subgrade. 

7.7.2 Temporary Excavations 

Temporary excavations will be required for the option of removal and recompaction of 
unsuitable soils. All excavations must comply with current C_,a]ifomia or Federal OSHA 
requirements, as applicable. Cuts greater than 5 feet in depth must be sloped and/or 
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shored. Temporary excavations that do not remain open more than a few days may be 
sloped at I:1, horizontal to vertical, or flatter, up to a maximum depth of 10 feet below 
surrounding grade. Excavations greamr than 10 feet in depth should be sloped at 1 ½:l, 
horizontal to vertical, or flatter, up to a maximum depth of 20 feet. Flatter slopes like that 
recommended above may be required if clean and/or loose sandy soils are encountered 
along the slope face, and the contractor should be prepared to flatten the slope at the 
direction of the geotechnical engine*r. 

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 may be constructed at the top of the slope. 
Hea~ y 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 dcpth of the excavation. 

We recommend that the Geotechnical Engineer review all proposed excavations for the 
project. If removal of unsuitable soils within the influence zone of adjacent existing 
shallow foundations becomes necessary, existing footings will need to be underpinned. 
The influence zone of an existing footing may be assumed to be below a 45-degree line 
prc~iected down from the bouom edge of the footing. Specific recommendations for 
undei'Dinning can be provided on a case-by-case basis if needed. 

7.7.3 Fills and Backfills 

All fills and backfills, imported or otherwise, for support of structural loads, should be 
placed in loose lifts not exceeding 8 inches in thickness, brought to near-optimum 
moisture content, and compacted to at least 95 percent of the maximum dry density per 
ASTM D- 15.57 using mechanical compaction equipment. 

From a geotechnical stand point, the existing granular fill soils at the site are suitable for 
reuse us engineered fills for the project provided these materials are free of any debris or 
organic matter. All onsi)# and imported fill should be predominately granular in nmure, 
less than 3 inches in maximum size, free of organic and inorganic debris, and should 
contain less than about :35 percent non-expansive fines (i.e. material passing the No. 200 

sieve). All fill and backfill materials should be observed and tested by the geotechnical 

engm~r prior to their use in order to evaluate their suitability. Generally. each lift of fill 

and backfill should be tested in the field for density/compaction requirements. 

7-9 



Jnofflclal FERC-Generated PDF of 20040202-0038 Received by FERC OSEC 01/26/2004 in Docket#: CP04-58-000 

7.8 LATERAL EARTH PRESSURES 

Subsurface walls should be designed to resist the earth pressure exerted by the retained 
compacted, level backfill plus any additional lateral forces that will be applied to the 
walls due to surface loads placed at or near the wall. The at-rest earth pressure against 
walls that are restrmned at the top may be taken as equivalent to the pressure exerted by a 
fluid weighing 55 pounds per cubic foot (pc0. Fifty percent of any uniform areal 
surcharges placed at the top of a restrained wall should be assumed to act as a uniform 

horizontal pressure over the entire height of the wall. 

Retaining walls that are not restrained at the top may be designed for an active earth 
pressure developed by an equivalent to fluid weighing 35 pef for level backfill 
conditions. Thirty percent of any uniform areal sumharges placed at the top of an 
unrestrained wall should be assumed to act as a uniform horizontal pressure over the 

entire height of the wall. 

For seismic conditions, the seismic lateral pressures on unrestrained walls may be taken 
as an inverted triangular pressure distribution with a maximum pressure at the top equal 
to 35H psf and 65H psf (H being the height of the wall in feet) for the OBE and SSE, 
respectively. The seismic pressure should be superimposed on the static design load. 

The above-recommended values do not include hydrostatic pressures due to ~ateral 
secpagc from rainwater or landscaping irrigation water. Therefore, walls should be 
backfilled with free draining granular material and subdrains should be provided to 
collect and dispose of water that may accumulate behind earth retaining structures. The 
granular backfill should be at least 36 inches wide behind the wall. Light equipment 
should be used during backfill compaction immediately behind the wall to minimize 
possible overstressing of the wall. 

7.9 FLOOR SLABS AND SLABS-ON-GRADE 

Due to the high liquefaction potential and excessive post-ea.qhquake settlements, floor 
slabs in buildings founded on existing soils without improvement should be designed as 
structural slabs supported on grade beams and piles. Slabs-on-grade should be supported 
on a minimum 12-inch thick layer of compacted aggregate base placed in accordance 
with the recommendations in Section 7.7. A moisture barrier is recommended under all 
slabs to be overlain by moisture-sensitive floor covering. A plastic or vinyl membrane 
may bc used for this purpose and should be placed between two layers of moist sand, 
each at least 2 inches thick, to promote uniform curing of the concrete and to protect the 

membrane during construction. 
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For preliminary design of slabs and rigid pavements and for estimating deflections, a 
modulus of subgrade reaction (k) of 300 pounds per square inch per inch deflection (Ix:i) 
may be used. We recommend performing additional subsurface explorations within the 
proposed footprints of future buildings and structures to verify these preliminary design 

values. 

7.10 PAVEMENTS 

For flexible pavements, we performed design analysis using the computer program 
"PAVE" and in accordance with the method outlined in 'Flexible Pavement Structural 
Design Guide for California Cities and Counties.' Traffic at the site will consist of heavy 
tanker-type trucks corresponding to Traffic Index (TI) values ranging from 6 to 8. The TI 
value for normal car parking and light traffic areas has been assumed to be about 4 to 5. 
Recommended thicknesses of new flexible pavements are provided for TI values of 4 

through 8 in Table 7-4. 

Prior to any pavement construction we recommend that the site be prepared in 
accordance with the recommendations in Section 7.7. All new pavements should be 
supported on a minimum 2-foot thick layer of engineered fill, compacted to at least 95 
percent of the maximum dry density per ASTM D-1557 for a minimum of 12 inches. An 
R-Value of 40 was assumed for the compacted subgrade. 

Aggregate base should satisfy Caltrans Class H gradation requirements (presented in 

Table 7-2) and should have a minimum R-Value of 78. The onsite crushed AC should 
not be used as aggregate base underneath pavements without proper testing to evaluate 
conformance with gradation and R-Value requirements. All gradation and R-Value 
requirements 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. 

Pavement areas are susceptible to cracking and damage as a result of liquefaction and 

seismic settlement due to the design earthquakes. 

7.11 SITE EROSION POTENTIAL 

For stormwater runoff purposes, the site can be divided between two general areas: (I) 
the LNG storage tanks and tank containment area and (2) the northern area of the site 
including all other support structures and facilities, an area that will likely be entirely 
paved. A typical surface runoff coefficient for equipment and paved areas is 0.9. We have 
assumed that the tank containment area will likely be capped with gravel and therefore 
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has a surface runoff coefficient of 0.0, since precipitation within these areas will be 
trapped within the containment wall where it will evaporate, infiltrate, or be discharged 

through stormwater collection systems, if utilized. 

As the site is entirely paved or covered by tanks, equipment, or containment areas, no soil 
is exposed and, hence, erosion potential at the site is essentially considered to be non- 

existent 

*q~op" 

V 

7.12 SOIL CORROSION POTENTIAL 

Eight (8) selected samples of near-surface (upper 15 feet) soils were tested in order to 

assess corrosivity effects on underground utilities and concrete foundations. In general. 
soils with soluble sulfate content over 2,000 parts per million (ppm) are considered 
corrosive to concrete: soils with chloride content over 500 ppm and minimum resistivity 
below 1.000 ohm-centimeters (ohm-era) are considered severely corrosive to metal. 

Based on our experience with other projects in the Port area, it is anticipated that soils in 
contact with seawater will exhibit very low electrical resistivity due to the presence of 
sodium chloride resulting from seawater. These materials are generally severely 
corrosive to ferrous metals. The very high chlorides can also have an ad~,erse effect on 

reinforced concrete structures if the chloride ions gain access to the underlying steel. 
Therefore. in the case of pre-stressed concrete piles, concrete should utilize rich mixes 
with low water-cement ratios. Type V cement it typically recommended for this purpose. 

Generally. the near surface soils at the site are severely corrosive to ferrous metals, 
aggressive to copper and severe for sulfate attack on concrete. The corrosion test results 
awe summarized in Table 7-5. Specific recommendations for the protection of 
underground utilities and concrete foundations are provided in Appendix F. 

7.13 WHARF STRENGTHENING SCHEMES 

The seismic performance of the existing waterfront structures with respect to their ability 
to provide adequate lateral confinement for the tank foundations was analyzed for both 
stone-column and driven-pile foundation options. These structures were found to be 
capable of providing the necessary confinement for the LNG-tank foundations to 
withstand OBE and SSE shaking without suffering excess lateral or vertical 
deformations. However, our analysis results also indicate that the waterfront structures 

themselves would suffer moderate to extensive structural damage during OBE and SSE 

shaking, respectively. 
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There is also some uncertainty over whether dredging will be performed in the future to 
deepen the berthage areas. The proposed berthing structure for the LNG terminal along 
the western waterfront may require additional dredging beyond what is currently being 
performed for the Pier T Hanjin Terminal. Likewise, along the southern waterfront, a 
future liquid bulk terminal to the immediate east of the LNG terminal may also require 
deepening. It should also be noted that our seismic stability analyses have been ba~ed on 
some best-estimate assumptions concerning as-built dimensions (e.g. depths of piles and 
steel sheetpiles, and rock.dike geometry) and present-day integrity (e.g. possible 
corrosion damage) of the existing waterfront structures. Hence, whether or not deepening 
of the mudline will be required during future development, additional evaluations of the 
waterfront structures should be undertaken before completing the final design of this 
project. If such future work were to be performed by POLB as part of its responsibility 
10r the waterfront structures, findings should be reviewed by the LNG-project team with 
respect to potential impact on the stability of the LNG tanks and other major structures. 

Sl~ould the decision be made that the seismic performance of the waterfront structures (as 
predicted herein, or due to future dredging needs) warrants remedial measures, the 
following potential strengthening schemes could be considered for the wharf/dike system 
and the cellular bulkhead along the western and southern site boundary, respectively: 

• Retrofit or replacement of the wharf concrete piles if dredging reduces the lateral 
confinement for the piles. 

Construction of an underwater cantilever wall to replace materials removed from 
the toe of the dike. This alternative was successfully implemented at Pier G 
(Dames & Moore, 1981) during a deepening project performed by POLB. 

Installation of shear panels inside the sheetpile bulkhead cells, oriented transverse 
to the pierhead line. Such panels could be constructed by Deep Mixing Methods 
(DMM), such as Cement Deep Soil Mixing (CDSM), or by structural slurry 
(diaphragm) walls 

In case of severe corrosion or inadequate depth of the existing cell walls. 
installation of replacement walls (sheatpiles, CDSM, or slurry walls) along the 
inside perimeter of the cells. 
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TABLE 7-1 

PROPOSED S TONE C O L U M N  G R A D A T I O N  D E S I G N  

Sieve Sizes Gradation Criteria (percent passing by weight) 

Alternative 1 Alternative 2 Alternative 3 

4-inch 100 

3 ½-inch 9 0 -  100 

3-inch 9 0 -  100 

2 '.,i-inch 25 - 100 

2-inch 40 - 90 i00 

1 ½-inch 0 - 60 

l-inch 2 

3/~.-inch 0 -  10 0 - 10 

½-inch 0 - 5 0 -5  
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TABLE 7-2 

C A L T R A N S  C L A S S  I I  A G G R E G A T E  B A S E  G R A D A T I O N  C R I T E R I A  

Sieve Sizes Percentage Passing 

1 :A- inch M a x i m u m  

2-inch 100 

1 *&-inch 9 0 -  100 

1 -inc 100 

3A-inch 50 - 85 90  - 100 

i No. 4 25 - 45 35 - 60  

No. 30 10 - 25 10 - 30 

No. 200 2 - 9 2 - 9 

¾ - i n c h  M a x i m u m  
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TABLE 7-3 

RECOMMENDED DRIVEN PILE REFUSAL CRITERIA 

Pile Dimension Recommended Effective Refusal Criteria 

Blows Per Las Continuous Blows for Last 3 Consecutive 
Foot Inches  

24-inch octagonal 60 5 

i 16-inch square 30 3 
i 

14-inch square 22 2 
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TABLE 7-4 

P A V E M E N T  DESIGN C R I T E R I A  

Pavement 
Descript ion 

Traff ic  Index 
O'19 

Pavement Thickness (inches) 

Asphalt Concrete 

5 Truck Drive Area 8 

7 4 8 

6 3 6 

Aggregate Base 

9 

' Car Drive Area 5 3 5 

Car Park Area ~ 4 2 4 
I 
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TABLE 7-5 

SUMMARY OF CORROSION TEST RESULTS 

Sample ID Soil Type 

B-I & B-4 at SM-ML/ 
5 feet ML 

B-3 & B-5 at 
5 feet 

B-8 at 5 feet 

B-8 at 10 & 
15 feet 

M L / S M  

SM 

i C L / S M  
I 

Thermal 
Resistivity 
OV/m-*C) 

0.94 

1.00 

0.63 i 

0.77 
i 

B-2 & B-3 at 
10 feet 

B-4 & B-5 at M L / S M  0.81 
10 feet 

SM J 1.16 

Electrical Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) As-Received Minimum 

410 410 

7,200 4,000 

2,400 1,200 

13,000 1,500 

5,100 1.900 

5,800 1300 

140 120 

540 460 

Chloride 
pH Content 

(ppm) 

7.8 ND 

7.6 45 

7.7 6O 

7.8 ND 

8.0 30 

7.1 110 

7.8 3,994 

7.9 55 

147 

1,882 

905 

477 

423 

1,699 

1 1,905 B-I and B-4 I ML 1.02 
at 15 feet 

B-3 &B-5 at I M L / S M  1.15 2.436 

L 

15 feet I 
Notes: ND = Not Detected 
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8.0 FUTURE INVESTIGATIONS 

V 

Due tv the val'iability of the subsurface soils at the site, particularly within the upper 20 tu 
25 feet of the artificial fills, we recommend performing additional field exploration and 
geotechnical analyses during future phases oftbe project. These include: 

I. Performing soil bonngs and CPT's within the footprint of the other proposed 
major structures in order to provide specific foundation design recommendations 
for each structure. At the time of the field investigation during the current study, 
the locations of these various structures were unknown. Because the soils in the 
northern portion of the site appear to be more competent, structure-specific soil 
data would likely result in more economical foundation designs. As shown in 
Figure 2-1, this includes the truck-unloading LNG storage, C2, Ca, and water 
expansion tanks, demethanizer tower, BOG compressors, vaporizer fluid units, 
booster pump structures, and administration and maintenance buildings. 

. Performing additional soil borings and/or CPT's within the footprints of the LNG 
storage tanks in order to establish a reliable baseline soil profile for future site 
improvement. While the current investigation was sufficient to provide 
geotechnical recommendations for design of the tanks, the field and laboratory 
data demonstrated the variable nature of the subsurface soils. Due to the large 
diameter of these tanks, we therefore recommend performing additional 
exploration to verify that the subsurface conditions encountered in the borings ar, d 
CPT's arc consistent with tbe entire footprint area of the tanks. 

. We understand that POLB will be designing the offshore berthing structure and 
the strengthening or replacement schemes for the existing waterfront structures. 
However, should this scope of work become the responsibility of SES (and KBR), 
additional field exploration and analyses would be required in order to provide 
geotechnical recommendations for design. 

. Additional exploration through the western rock dike in order to evaluate whether 
the 15-foot thick clay layer encountered in Boring B-9, at a depth of about 38 feet 
below existing ground surface, extends through the dike to the outer rock blanket. 

. Verifying the lengths of the concrete piles supporting the wharf, and the 
sheetpiles and piling for the cellular bulkhead. Our modeling was based on data 
obtained from as-built drawings of repair work performed on these structures. 
Neither the repair drawings nor the original as-built construction drawings for 

structures indicated pilc/sheetpile lengths. 

8-I 
g ~phihp~NO final rep~ doe 
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6. 

. 

. 

. 

Verifying the structural integrity of the steel sheetpiles of the cellular bulkhead. 
This includes evaluating the extent of corrosion and associated loss in thickness 
and strength of the sheetpiles and tie-backs, and verifying the location of the 

deadmen. 

Verifying the location of the old rock jetty constructed in the northern portion of 
the site in L925. This could be performed utilizing CPT's, 

Implementation of a geotechnical-monitoring program during surcharging of the 
site. This includes installation of instrumentation to monitor settlements, pore- 
pressure dissipation and subsurface lateral movements. 

Performing a field verification program upon completing implementation of all 
site improvement schemes (pre-loading and stone columns). We recommend tt',at 
this be performed in two stages, i.e. upon completion of pre-loading and after 
installation of stone columns, to confirm predicated improved soil properties 

utilized in our analyses. 

10. If  driven piles are utilized for support of  the I..NG storage tanks, we recommend 
performing indicator-pile and load testing programs to provide information on the 
variability of  the subsurface conditions and the effect on pile installation, and to 
devclop installation criteria for production piles. Detailed recommendations for 

these programs are discussed in Section "/.5.2. 

v 

t~ ~hdip~3~G fie, al repo~.do¢ 
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9.0 LIMITATIONS 

Soil and groundwater conditions were observed and interpreted at the boring and CPT 
locations only. This information has been used as the basis of our analysis and 
recommendations provided herein. Conditions may vary between the exploration 
locations. If conditions are encountered during construction that differ from those 
described herein, our recommendation may need to be modified. 

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, either expressed or implied, is included or intended in this 
report. 

v 

9-I 
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APPENDIX A 

LOGS OF PREVIOUS BORINGS 

Previous geotechnical reports prepared by URS and other consultants within the vicinity 
of the project site were reviewed during the current study. Logs of borings from these 
investigations are presented in Figures A-I through A-21. Locations of the borings are 
shown in Figure 2-1. 

-oOo- 

The following Logs of Previous Borings are attached and complete this appendix: 

Figure A-1 
Figure A-2 
Figure A-3 
Figure A-4 
Figure A-5 
Figure A-6 
Figure A-7 
Vrgure A-8 
Figure A-9 
Figure A-10 
Figure A-I 1 
Figure A-12 
Figure A-13 
Figure A-14 
Figure A-15 
Figure A-16 
Figure A-17 
Figure A-18 
Figure A-19 
Figure A-20 
Figure A-21 

Log of Previous Dames & Moore (1981) Boring W-1 
Log of Previous Dames & Moore (1981) Boring W-2 
Log of Previous Dames & Moore (198 l) Boring L-I 
Log of Previous Dames & Moore (1981) Boring L-2 
LOg of Previous Dames & Moore (1981) Boring L-3 
Log of Previous Dames & Moore (1981) Boring L-4 
Log of Previous Dames & Moore (1993) Boring B-8 
Log of Previous Dames & Moore (1993) Boring B-9 
Log of Previous Dames & Moore (1993) Boring B-10 
Log of Previous Diaz Yourman (2000) Boring UB-32 
Log of Previous Diaz Yourman (2000) Boring UB-33 
Log of Previous Diaz Yourman (2000) Boring UB-34 
Log of Previous Diaz Yourman (2000) CPT UC-21 
Log of Previous Diaz Yourman (2000) CPT UC-22 
Log of Previous LT. Evans (1971) Boring B-I 
Log of Previous L.T. Evans (1971) Boring B-2 
Log of Previous L.T. Evans (1971) Boring B-3 
LOg of Previous LT. Evans (1971) Boring B-4 
Log of Previous L.T. Evans (1971) Boring B-5 
LOg of Previous L.T. Evans (1971) Boring B-6 
LOg of Previous L.T. Evans (1971) Boring B-6A 

A-l 
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i E 20193 ELEVATION AND DATUM p=eq: 1 8 MLLW 

~. DRII.L|NG EQUIPMENT: CME-85 DRILLING METHOD:. Rotary wash 

BORING DIAMETER (Inches): 4 BORING DEPTH (feet): 82 

DATE STARTED:. 7/24/00 DATE COMPLETED:. 7/24/00 

8PTHAMMER DROP:.3OInc~N WT: 140r~ | D R N E H A M M E R  DROP: 30 b-ch~ WI": 140/I~ 
r ~  . . . . .  - - ~ ~  . . . .  

LOGGED BY'. NS CHECKED BY'. SW | DRIVE SAMPLER OLAM_._.L~I'ER ,-tln~h'~---~t O~.ID: 2.4 

I ~iEti I.~ ~w .el oEscR.P..o. ~ ~I ~' ~- ! l  Jo 

i - 5  : '1 ~, ,. J S~LTYSANDlSM):l~gtay, mo~t, loo~l, medlum.to 

-] ] 8 I SA-NDYSJLT(ML);darkl:m~m,m°bR. flrm. l ( ~ w M a ~ .  

-J  1 2 4 I SILTY SAND (SM); gray. mo~C, veqyloooe to ioou. 

• lS-~ t 3 12 ['SILTYSAND(-qM):vIWdl/korIy.~d~tH, (0] l . . . . . . . . .  

I, '~ l ! i '  I = ' ' - - -  °', 

t I: ry gray. wet, Ioo~, f l n e - ~  
-fO- ~4u~L tr~e uuhee4~, oq~nlc o0o~ 

I I 
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DESCRIPTION 

~ ,~ ,~ !  ,~!,~,~}~ 
Inted~(:m¢l w~ SANDY SICI~( ; very rk gray, rm, 91 78 0 

SANDY ELASTIC SILT (MH); dick ~ gray. vRd, W~ 
rmKlUm I ~ .  flr,~gmined ~md. ~ o u s  

ELASTIC SILT (MH); gnRy, w l ,  very soft to soft. rnedsnn 
~ , ~  

SANDY SiLT (ML); very ~erk g.ly, wW, finn. low p ~ .  
flne-g~aJ~d ~Mu',d, trace ~NM~dls. mCaceo~ 

[o] 

71J 41 60 28 M [o] 
M 32 I SA 

~2 20 ham, ~ ~as~fs  [0] 

182 14 finn 87 36 M (0] 

16 SA 

26 SILTY SAND (SM); vecy ~ graY. ~ t .  m l l ~  dm~e. 
flne-g rllkled ~ [o] 

4 5 -  ! ._ 
I 

-50- 

14 
1S 

o~ve gray, trace seuh4dls 

LEAN CLAY wl~h SAND (CL); ¢Jh~ gray. wtt. ~Mt to finn, 
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DESCRIPTION 

, trace ~ a s h l , s  

him, no i~uhels 
s L ( ); Way,~,~ 

lntl ld0e~ld ~tlh thin SILT (M L} layl~, o,~h~ g~ly. ha ~1, low 

Boffom of boring al 81.5 feet. 
Groundwmer WcounI~KI ..t 19.5 fen dudr~ d~lng. 
Boring bacld~lkd ~ c e m e n u ' o ~ j t e  grout 
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I .! 
~. DRILLING EQUIPMENT: CME.-85 DRILUNG METHOD: Ro(ary wMh  

j ~ ~ . 
DATE STARTED:. 7/12/00 DATE COM~eTE~, 7/13/00 

$PTHAMMER DROP: 30 ,~ChI| WT: 1401hi DRIVE HAMMER DROP:. 30 inctms w' r :  1401b~ 
I" 

• OESC.,~r,oN g ~" J 

• a : •  

I " 11 19 
18 
19 

10- ~ 1 
I 2 

I 
.J " 

t 4 17 
8- 10- 12 

4 8 
I O- 1 5 3 

-5- 18 

I 5 18 
-10- 8 

10 

I 
i : 4 , 

| 

-,,.AS pHAI.T - 3.5 ;.-,~f~ /. 

I SILTY GRAVEL ~ SAND (GM): ~ gr~y. mollt. [ 
~ e ~ .  ~ i c ~ .  nr~ ¢' c°ar~ 'rave'. 'n~n~ed ~xl; / 

• r ~  I_ 
"iSlLTY SANO (SM); J~r~ o,,., ~ ,  ~ m ~  c~, , ,  [ 

flne-~lJned und, ~ltcl IOlllshlll~l. ~ ~ / 
SANDY SILT (ML); olNs brown, moral, so~ low p~s~clty. 

flne-grsi~d sand. mlcacecus 

SILTY SAND (SM): light Ixown, m o ~  rneelum Cleric. 

dlut gray. loose, trace NaI~MIS 

win 
olive gray. meU~m dense, no semC~ls 

trace mm~ne~, fine- to n ~ r ~ r w d  14ux:l 
inlerbeddlcl writ INn SANDy SILT (ML) Ilye r. dark gray. 

wet. hind. low i> t~¢~,  rr,H3raln.d swXl 

1.7 
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• .. "i 
"-'1 n -  - i SANDY SILT (ML); cWk odlve gray, wet, firm, n o n ~ ,  102 I 24 

fine-gr~KI und I 

I SILT ~ SAND (ML); oihtll OnLy, wet. very IO~ low 
~ .~r~ .  ~ - g ~  w.~ [o.s] 

I ! SILTY SAND (SM); dmrk olive gtly, MII, medium dqmN to 
denco, flne-Oriined mind, truce me~llo, ndcac4~u0 

I 3o [1.4] 

I 
i . ~  I~ ~ ~ ~-~, , ~  ~ , .  ~ . -  ~ m , ~ , . , ~  w a  '[o.~ 

1S 

I 
18 22 I I  

"W'ql -3S- SO--~ 2322 

4 21 
-40-, 66-- 8 

~ 14 25 

dec~mud Nmm~ls 

very dark grny, b~rmulod flnm 

9~ SO ~ [ I .ei  
[343 

flnl-grllkled ~ [I.0] 

LEAN CLAY wilt1 SAND (CL): d4uk o~ve gray, w~, I(~, 
medium plmltlc~, fin4-gmJmKI land, triad ieuhelhl 

! S ' '  
-SO- ~ 2 

1 

I 
I Z , , ,.o 

10.a] 

40 37 13 73 [0.6] 
SA 

[0.7] 
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i i ; I 
SILTY SAND (SM); dlrk 0nly, wIH. ~ dln~l. 

12 22 fine -grl/mKI lan¢l 
-e0- 71- 11 interbedded ~ thin SILT (ML) Irpir. gray. vml, I ' ~  low [0.61 

I 

i 0 23 ark  ~ gray. ndcaceous [0.4] 
415- ~ 20 I 

! - 

I 17 44 dime 10.31 -70- N-  20 
24 

I 
~ ! 1  8 19 1.5 SANDY SILT (ML); dark oive gray. wet, hare ~ ,  [0.5] 

-75- IO- 16 fine-grained land 
' 22 

5 25 29 NP : NP 66 [1.0] 
i -80- N -  12 8#, 

13 
LEAN CLAY with SAND (CL); gray. wet. firm. mlldlucn i 

I~l~c~/, fine-grained sand I I 
I 

| ' : 
lo '~4 2.2 (0.4} 

455- 1GO- 14 l 

i . . 15 SILTY SAND (SM): very dark gniy. wet. mli, cium defoe. 

I 

i ' 67 gray. very aemm. fine- to co4use~ra~ned land [0.9] 
-90- 104.- 

! 
21 
32 
35 
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APPENDIX B 

EXPLORATORY DRILLING PROGRAM 

B.1 GENERAL 

The exploratory drilling program was initiated on June 19, 2003 and completed on June 
30, 2003. All field activities were p e r f o m ~  under the technical supervision of a 
qualified geotechnical engineer in strict compliance with a site-specific Health and Safety 
Plan. Nine mud-rotary borings were drilled to depths ranging from 16 ½ feet to 161 ½ 
feet below existing ground surface. The locations of the borings are shown in Figure 2-1. 

B.2 DRILLING 

The upper 5 feet of each bonng were hand-augered as an additional precaution for 
subsurface utilities. The borings were drilled by C&L Drilling of La Habra, California 
using mud-rotary drilling equipment. This drilling technique wed a rotating drill bit with 
continuous circulation of drilling mud. The drilling mud served multiple ~ during 
drilling, including circulating cuttings as the bit penetrates the formation, cooling and 
cleaning the drill biL, stabilizing the borehole wall, and penetrating the formation. 

During drilling mud was carried to the drill bit where it was ejected through ports in the 
bit. As new mud was introduced at the bottom of the borehole, the cuttings were 
displaced and circulated to the surface. Upon reaching the surface, the mud flowed into a 
portable mud trough that allowed the suspended solids (cuttings) to drop out. The mud 
was slummed from the trough and the increasingly finer material was separated using a 
screen and secondary-settling trough. The viscosity of the drilling mud used depended 
upon the stratigraphy of materials encountered. 

Borings B-6 and B-7 encountered refusal at depths of 16 ½ feet and 28 feet, respectively, 
where as-built drawings from construction of Pier Echo indicated the quarry run section 
of the rock containment dike, likely consisting of cobbles and boulders. As a result, an 
additional boring (Boring B-9) was drilled. This boring was located between Borings B- 
6 and B-7, but further back from the pier head line than these borings. 

Furthermore, an approximately 2-foot thick silty clay layer was encountered in Boring B- 
1 (located within the center of the south I.,NG tank) at a depth of about 154 feet below the 
existing ground surface. This layer was not observed in Boring B-2 located within the 
center of the north LNG tank. As a result, in order to determine whether this layer was 
isolated to Boring B-l, or extended further than the tank foot~nt` Boring B-9 was drilled 
to a depth of 156 feet below existing ground surface. 

B-! 
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Upon completion of drilling and sampling, the bomholes were backfilled by mixing the 
drilling mud with cement. The borings were capped with concrete, flush with the ground 
surface and matching the thickness of existing pavement section. Excess drilling mud 
and soil cuttings were temporarily contained onsite in DOT-approved 55-gallon steel 
drums until d/spo~l. 

B.3 SAMPLING 

Relatively undisturbed soil samples were obtained during drilling operations using 
Dames & Moore Type-U (Figure B-l) and Shelby tube samplers. The Type-U sampler 
was driven by a hammer weighing 400 pounds and dropping 18 inches. Shelby tube 
sampling was performed in accordance with ASTM Test Method D-1587. In addition, 
Standard Penetration Tests (SPT's) were conducted per ASTM Test Method D-1586 at 
selected intervals in the borings. Our representative maintained logs of the borings and 
classified the soils encountered according to the Unified Soil Classification S)~tem. 
Logs of Borings are presented in Figures B-2 through B-10. A Key to the Log of Borings 
and description of the Unified Soil Classification System are presented in Figure B-! 1. 

Samples were observed in the field for organic vapors and hydrocarbon-type staining. 
Generally, no detectable organic vapors or hydrocarbon-like staining were observed in 
the soil samples collected during the current investigation. Soil samples were carefully 
sealed and packaged to reduce moisture loss and disturbance, and were transported to our 
laboratory in Los Angeles for additional examination and testing. 

-o0o- 

The following are attached and complete this appendix: 

Figut~ B-I 
Figure B-2 
Figure B-3 
Figure B-4 
Figure B-5 
Figure B-6 
Figure B-7 
Figure B-8 
Figure B-9 
Figure B-lO 
Figure B-11 

Type-U Soil Sampler 
Log of Boring B-I 
Log of Boring B-2 
Log of Boring B-3 
Log of Boring B-4 
Log of Boring B-5 
Log of Boring B-6 
Log of Boring B-7 
Log of Boring B-8 
Log of Boring B-9 
Unified Soil Classification System and Key to Log of 
Borings 

B-2 
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Water Outlets 

Spilt Barrel 

Rings 
(2-1/2" O.D. by 1" Long) 

Bit 

Catcher 

DAMES & MOORE TYPE-U SAMPLER 

W 
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I III~l | I I J J i l ~  | ; ~ V J  . . . . .  

ii MS~r~ Dwnes & I/re)re "ry]x~U, SPT, Shelby Tube Number 337110~§ 

~Umnur S40 il~0"d~p (SOT); ~ Sheet 1 of 4 
Dfi R)g Mayhew 1H4 . Dots I b / l r  drop (TYI~ U) 

~ l d n w l ~  Grmmd~eler 
end Dit~ U-,,-,,ed 31 him on ItlWO3 

None 

SAMPLES 

MATERIAL DESCRIPTION 

3-inch thick Aq:h~t Corx~te paw;ment undeds~ by 12 Inches of 

OTHER TESTS 
and REMARKS 

3ORR 

10 

i ! 
) 

20 ~' I'~ 
25 ~:~$'~1 

32 92 ~sco 

e !~ -:: ' - Grucles (rnKiura dense) 28 ,200(1 ,I) 

I '  : 
-10 8 

24 101 

] Grades wN~ t  she~ 37 

Tm'n -dk - *~  i 

LOG OF  B O R I N G  
proposed I.NG Import TemlJnal 
P i t t  Echo, Port of Long Beach 
FOR:  Kellogg Bmvm and Root 

Figure B-2 
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Pier Echo, Part of Long Beach Boring B-1 
FOR: Kenogg Brown and Root S, T t 2 o f 4  

MATERIAL DESCRIPTION 

4o, Gracm 0ome) 31 o2 

OTHER TESTS 
mwI REMARKS 

50- 1~ 

lo SM 

55-~. 11 

" 

] 

70- 1 14 

Gmcm Ilm 0oom to medk~ denm) 

(m~tum ,~-nm) 

Omy a~'y Ino to medium SAND, ~t~t, w~h ~'nce reel hgmen~ 
(din.)  

Ol~ imy f l y  CIAY. wr,, ~It~ n c l  lhCl homlnt l  (¢flf) 

33 ,200('20) 

Wo ~m~k~ Rectory 

25 97 
.200(18) 

28 ~200(,1~) 

42 79 .L-44. I>1-1 g 
F)P,.I 25 

30 

32 92 ~D,'2.0 

75- [~ 15 o~,des [ ~  to very ¢e) 31 ,2a~II3) 
LL,,~5. Pk,12 

80- I le ~ ~ ~ ; u m S A N D w l h g l ~ . v , ~ t ( d e m e )  
27 97 )SCO 

" Orad~ Bight ilmy {wr l  dmwm) 

Figure B-2 
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pkw Echo, Po~ of  L o ~  Beach ~ O f l N g  B-1 

FOR: Kidlogg Brown and Root . .  Sheet 3 o f  4 

SAMPLES 

J i! 
g0 I 18 3~ Gnld~gmy 24 ' 1 0 4  

-70 4S 

OTHER TESTS 
and REMARKS 

20 

",~.4 

-80 

110- 22 18 

i -90 26 

j 28 

120" • 24 16 
28 

.100 40 

Gr~es medk~n to coenm wlth trace fine gm~! 

(d in )  

~ ~ d~'y fine SJk.ND, mt (w~f ¢k~o) 

S-"~ J~ "---G~/-'m'dlum to coarse SAND w~ -;It, v~t (very denm) 

Ig 

27 g7 DSCD 

29 sA(4e) 

24 101 DSCO 

20 

'~1 ~ ~. 
- I 1 0  

15 112 

135- 
mm GmdR h to caame 21 SA(12) 
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Pier Echo, Port of Long Beach ." 
/ 

FOR: Kellogg Brown ,,rid Root 
, ,  l 

SAMPLES 

Boring B-1 
Sheet 4 o f  4 

~ i  ~ OTHER TESTS 

I I  2a x 17 111 

] 29 ~ Gradml w/Ih h c l  8ml ipiwl 17 

' - ~ '  Dmrk gray Jty f~e to nwdka'n SAND, vm (vw'y define) 

• 3o 21 2g 97 
I I  s?Mr 

- ' ~  ' ~g~t-G~iy to dark brown oilty CLAY, w~  with le#.~ of peat ind tnml 
31 14 ~ ~ n d ~  54 -~o~a) 

' - '~ ' DQrk gray zlty fine SAND, wet (v~'y donm) 

Gmcl~ nne Io c~em wlU~ wine Ino irJvd 

Boring (:om~letld ~ 1K1.5 f l i t  b414ow bte ~ound lur~ce. 
GroundwWw encountered at 21 f l i t  below Ule I[~ound mzkce. 
Bodng k-ddllled wtth mnd.cament 8roul m]xed w~ drll mud, and 
patched v,~h cor,~R to match the ~ mxfum. 

Figure B.,2 
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LOllgld T O'Bdlm i ~  ) I 1 ~  By • 
Ddl m Mud-RoI=W SmVlWe 4..~ ktm ~mmmrTn~me 

.~e  m= ~ y M w  100e Om 

~Smm~ss) Oarnas & ~o~re Type-U, SPT, Shelby Tul)e 

Commera 

Bodng B-2 
Sheet I of 4 

N~umb~ 337114111 

Tolld DelNK 11t.1 

, m  

~PLES . -  

, ~ .,~ ~ ~ 1  . MATERIAL DESCRIPTION ~'~ ~" andO~REERM~ 

;.>~ 3..Inch thl~ All~dt Concm~ i~vtmerd underlain by 7 Inch~ of . 
CL 

I 1 ~ - 35 78 DSCD I : 

++ ++ +0 I ] ' ' :  

+ + . . . , , . + - + - ,  . . + . +  

++ , , +  . . . . . . . . . . . .  
. ~ 1  ¢~sl, I D ~  gnW ~ne S.~D *tB, all. v,,K (Io~e to m4KUum den~) 

i 34 
-IO ' ,,:I~ aoo(12) .1]' 

• :.+ • i 

++ ~ t ~ '  :++~_ - - - ' ,  - '+ 
-- 5 +]B~] 

LOG OF BORING 
Propoled LNG Import TermJnld 
Pier Ee, ho, Port o f  Long Belch 
FOR: K~logg Brown and Root 

Flgum B-3 
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Pier Echo, Port of  Long b a c h  

FOR: Kellogg Brow. and Root 
Boring B-2 
Sheet 2 o f  4 

I o.c°.,,o. ,I 
11 .20 

OTHER TESTS  
a n d  REMARKS 

" t l '  J 8 

34 88 OllCO 

5 0 "  I 10 7 

I 8 
10 

°~0 

~ H 8 

~.y my lay~'lrm~lum d~rm) 
60 - 1;~ 2 Gr~nllnetom~UumvAhSdn~thl~ 

s Ju~my Uyw 
13 8 40 

J 
• I 1 7  

2O 

U 

U 

-80 

34 2C0('J8) 

32 92 

34 -~0(4S) 

28 97 -2C063) 
08CD 

70~ j  - 15 1 Grades with nee ~'tetl fragrnenls (very looN) 28 -200(46) 

'--Bi: Dlrk Wlly OllyQy 81LT, W~., V~'~'I tnlce 1~i l lnd (I¢~) 

75" 1 18 73 27 96 L~.=33. PI=,8 CON 

7 PP=32S 
i 

8M ~ " ~ u m / l y  SAND, wot (wNy den~) 

8o. ~ 17 10 23 .2oo(19) 
ill 28 

21) 

' ~ I  ,° 4O 

28 9g 

~ r  Flgum B-3 
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V 

FOR: l ~ g  Brown and Root . .  Shee t  3 of  4 

SAMPLES 

ji 
90 ~ lo 18 ' 23 

4 31 
35 -70 

OTHER TESTS 
and REMARKS 

-80 

~ 1  ~ : 
12 

1 0 0 - ]  21 21 
32 
35 

Gr~es dark gray to I~,ao% .V, mu~ou~ (m~e, um ~ n u )  41 

23 

83 -20003) 

105- 

.oo 

115 

120 

-100  

o: 

U 

1 
~J 

-110 

GnNdes rn~lkJm to coanle 

Grades w~h some gnr~ 

Grades ~ gravel 

23 

19 

21 

105 08CO 

104 

Ria dwtm' from 117 to 
I1R f l~  

.2m~ 

135- 

Figure B-3 
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pier Echo, Port of Long ~leach 
FOR: Kellogg Brown and Root 

SAMPLES I 

MATERIAL DESCRIPTION 

Grades gray, tirol to medlum 

Bodng B-2 
S h N t 4  ~ 4  

•i I OTHER TESTS 
a n d  REMARKS 

GnKIU with some ilmvll 

~,'~t s,'.y, ~ r , .  to =Q,~r,. ~--O ~ on,v~ ~-'~'~ ~ ~r. . )  

Grades v,lth 1.5" dlame~r ~ (granlUo a~mbi) 
Borf~g oompletKI to 161 bet bek~w the ground ~ K e .  
Glloundwatw st~ountmwl xt 19.5 f~t below the ground m 
Bodng m ~ e d  wt~ rand.cement irout mixed wth dTl] mud, lull 
ixdched w~ ooncrs~ to maim t~ e.~ng mthce. 

" 10 

18 113 

R ~  ~nal~r h~tt  14a to 
ISO feet 

is~l,s) 

UBS 
F~um B~ 
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V 

Din(s) II/'2l/'29~I l,.~l~lld T,O'Bdan 

Type 

0ram Mud-Rotmy 8brWT~pe 4-3/4 Im~ dlaenetm/Tdcone 
Hemmer 140 gV30"drop (8P1~; 440 1090 0m 

Boring B-3 
Sheet I of 3 

SAMPLES 

MATERIAL DESCRIPTION and REMARKS 

o ~ : h  thicX ~p~d  C~mtte pevem~t un~r~ln I~ I 0 Inches 0f 

lo- 
t '  I '  ! o o .  

--~y-~ ~'~ ~m-~s~m-7~,~l~dar~--~,~---~ 11 I 4 15 20- I 23 ~(d~.~) 
l o 2s 

I 25- s to - (~:des (medkun de.e) .200(re) 

1-1o 6 

i ' 
| ,  

LOG OF  B O R I N G  
Proposed LNG Impmt Terminal 
Plw Echo, Port of Long Beach 
FOR: Kellogg Brown and Root 

~ t  Flgum B-4 
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Phlr Echo, Port of Long Beac:h 

FOR: Kellogg Brow. and Root 

SAMPLE8 

~ MATERIAL DESCRIPTION 

40 M e o On~yeilylne~omedlumSANO, wet.wt~ml~a~antsm~fra0me~ 29 94 
lo (n~dlum ,d~'~m) 

-20 10 

Boring B-3 
Sheet 2 of 3 

OTHER TESTS 
and REMARKS 

3~ .2oo(2e) 

V 

I I  '° ~ ~¢ , . . (v~ , , .o . . )  ~ . 
. , ,~ 3 

I 

, , o i ,  ' / 

- 7~ I : 
-50 I 

i " ] - '  
o 
0 

U 

,dlO 10 

} " 
H 

m 
8(3 

Omdu ark  gruy to ~ (m~ 

Dark gray ~"~'y fine SAND, wet, wl~--~-me Me gmv~, (medium 

~ t l  ~ ml~mdant shd fnn6ml~l ~- 

O~k ~niy myey SILT, wet (medium Mffl~ 

Gmdel ~ sm and Vaoe nne und 

Olrk 9nly l i ty CLAY, wet (vuy Itflf) 

ML 

CL 

~ ,  wet (med~U~ denm) 

Gmdu mk:aceou~ w~th • 24nc:h I~g root (dense) 

48 

41 

28 

30 

26 

.2m~M) 
LL,,416, P1*18 

80 PP-I.5 

Rkl ctumlr tmrn 82.5 b 

.2oo(40) 

LL-35, Plm10 
P ~ 2 . 7 6  

L.L~JO. I ~  

B4 

Flgum B-4 
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SAMPLES 

lib 

O T H E R ~ S ~  
~ M A R K S  

95"~ 21 ~: ~ ~ D, vMt, rn~m:m)us ( v ~  denu) 
4S 

21 -200(14) 

SO~" 
410 

105- 

110- 

40 

115" 

120- 

- 1 0 0  

B~flg OOmlmtld to 101.6 IMIt beklw ~le ~l¢OUnd ma/im. 
GrmJndwlter enco~mblrld lit 20.5 feet below the ~ l d  ItM~CI. 
Bor~g beckttled wCh mnd-~mx~ grout m~l¢l w~h dd~l mud, and 
i~¢hed wtb~ oonmm to rn~h t~e redoing r a c e .  

22 , 107 

125" 

-110 
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~,t~(~) Irzlr2ool ~ T, Ollrbn Ddlod 
M u d a o ~ /  Dear  Boring B-4 

Sheet I of 3 

m,  . . . . . . . .  

SAMPLES 

i i li 
0 

2O ARTIFICIAL 
L I ~  oave-tmwn aandy SILT, rnomt (loow) 

OTHER TESTS 
amd REMARKS 

23 85 ~,ORR 

10- 

~; lo s 

i 

Gnidml olke-lxowt 31 , .~R 

Gmdee dark grr/to gray, vmt, w~ morn adlt (very k)ooe) 36 

~ s y , - ' ~  line SAN D, ~ t  (~medlum dial4) . . . .  

C ~ R  

18 

U 

O ~ - 1 0  

nJ Jn  

Grndel wlth n l ~  ad~ml f r~am~  

G ~ a .  w~ g~v~ m,,  er,~aeem 

27 

24 102 OSCD 

31 -200(18) 

27 93 

LOG OF BORING 
proposed LNG Import TermlMI 
Plot Echo, Port of  Long Beach 
FOR: Ko~ogg Brow~ ~ Root 

Figure B-6 
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Pier Echo, P(xt of Long Beach 

FOR: Kellogg Blown and Ro~t 

SAMPLES 

40 ~ s ? Gray, ~ ~ to c~rae SAND, w~ (medium darnel) 28 
I I  13 

'IS -20 

Boring B4 
8hee l  2 o f  3 

OTHER TESTS 
and REMARKS 

45- 9 4 
5 
9 

Grades (Ioo~ to medum donne) 30 94 

-3O 

23 

• 40 19 

65" • S3 13 
| 14 

18 

14 .5o 

Gridoe wtth amino ,,l.y end ~ gflhlt (denim) 
Reddllh-txm~ Me to coanm GRAVEL, wM (very dinm), wt~ Me to 

mndandw nk~ rav-~Wzeddmm~lS"lndla 

D~k gnly a~ty CLAY, vmt, wtm Wm motets ind mini intact rods 

GnKy ~ ¥  ~ to m~KIU'n 8AND, w~ (medium ~nm) 

Omdn ( d i n )  

- ' ~  Oerk gnly i~ly CLAY, ,I~L ,Mth tilde rand lind mine iI~d frlgmenls 

Gmdea ~ ,  r ice wnd 

- ' ~  ~ SAND, w~ (medium de~m) 

29 !~(41) 

26 83 I:~-2.6 

28 

27 97 .mc~e) 

,2oo01~ 

10 

25 104 

-60 25 
Gr~lu wltfl 3 to 4-in~ t ~ k  m~,y c~ay m (wy  ~ n u )  

29 . Z 0 0 ( ~  

45 

25 100 

V 

UBS 
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Pier Echo, Port of Long Belch 
FOR: Kegogg Brown and Root 

~" SAMPLES 

. ~ !  ~ ~ MATERIAL DESCRIPTION 

Bor i ng  B-4 
Sheet 3 of 3 

~ OTHER TESTS 

i to Is Cv~des (d~mse) 25 20 
23 103 OSCO 

Qrad*s (my ".so) 

eor~ mmlx~*~ to ~ 01. ge*t ~*k~v th* ~ su~a~*. 
G~nMmior encou~m~ at 20.4 Ira below the g(ound sufmce. 
Bodng Imcl~llml v~h und.cem~t gmut mb(ed w#h m1¢ mud. and 
pa*ch*d wire ooncmto ~ mat~ th* *~V~g surbm. 

22 sA(14) 

o:  

o: 

V 

U]RS Figure B-5 
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, ,=, 

~ ~ , ,  Sheet I of 3 
Type 
k~l~s)  Dames & Moore 1 ~ ,  IPT, Shelby TuJ~ 
~pmXlmmm Gmu~dvmwr 

Commlntl None 

|lTUOll 

Al~mx~n~m Ground 
Br,~b~ U I 

j 'if" MATERIAL DESCRIPTION 

C i i ~ 3 4 n ° h  th~CAq:4~l~ C~mcnlt°l~mmrrwnt und~taln bY 12 Inchesof~i 

Brovm ~'y CLAY, rno~,, w.ilh ~n~e li~ und ( I ~  

OTHER TESTS 
=nci REMARKS 

CORR 

10 

J 
1 
[ 

" 

12 

G m ~  with n ~  ~ h~rm~  13 I ~ ICORR 

10 

2o I ' ;, 

i _ . 
I 

U 

i ~ ' i  e 
~ -10 

| 

gm,*-iiny, weL~2to 3-~:hmldcmmof~him~ts j 27 ~ IDSCO 

"FOm'k iF'ly Mty CLAY, wlt (~f) 

s - ~ - - g n r f  ane SAND w/th ~ weL wtth ~ - -  - - 1  ,K= shd fragments (nmdlum, 27 
!. din) 

GIidll|r~lONl~li~Niml~l(k)ollto||lmditll) I 22 1 loo 

-2OO0=) 

~,d== (mxnum ~ )  I Sl 

mo mm=mm~m ~g= ~ m i ~  d m  

UBS 

LOG OF BORING 
Proposed LNO Impod Temdnal 
Pier Echo, Po~t of Long Beach 
FOR: Kellogg Brown and Root 

Flgum B-8 
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Pier Echo, Port of  Long O u c h  Boring B - 8  
FOR: Kellogg Brown and Root Sheet 2 o f  3 

SAMPLES 

M A T E R I A L  D E S C R I P T I O N  

T , Gray =ily fine SAND, vmt (medlum ~ )  

-20 0 ..' • 

OTHER TESTS 
and REMARKS 

-mo(~?) 

-30 
~1 '°1: 

12 

11 

93 

' ° l " I  : 
-so I 12 

Grades ~ tnKe ~ fmgmentx 

T- Gray fine to~urn'~mndy'--'81LT,~t (de'~') '-- - -  - -  - -  

~ l d U  I~,* w~ n~re sll (medium d4mee) 

~:J 

30 

30 05 -200(/@ 

24 

Gmedos with I m  atilt aml btecm ~ ~ (define) 

, I " l  I~ 
.eo i =3 

2S 
28 

" ~ ' ~  to medium SAND, w~ (very den=e) 

28 N 

26 .200(21) 
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Pier Echo, Port of  Long Beach Boring B - 6  

FOR: Kellogg Brawn and Root Sheet 3 of  3 
i i 

~ MATERIAL DESCRIPTION and REMARKS 

gO~ ! In I Gmdal(der~l) r 24 r I05O)8CD 
I 

-70 

- ~ :  ~ x ~  ~ y , - ~  h-~w ~,---m ,,--~, ( v , ' - - ~  - -  ' 

95- ~ ~e 28 -2:0t1~) 
LLa41, P[-19 

8P ', ~ ~ " ~ : ~ ' c o . r l e  SANO, wqlt(vl~ydonm) 
100- I I  2o 22 103 

-aO ' Bor~ completod b 1 OrS f~t  below ~ ground r a m .  
• ~ t l r  encoun~md at 20.8 fNt bebw t~e ground ~VfmCL 
• Boflng Imd~kKI wnh und -~n .~  grout m~od v4~ dNI mud, Ind 

105- _ patchld wlh mn~dl  to matin ~ a ~ n g  r a m .  

110- 

-gO 

120- 

.t00 

125 

130- 

-110 

135- 

V 

Flgum B-6 
n l  n i n 
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,m  

DdlR  

~ , m e  M,ujt~w 1000 

D e ~  snd D ~  Meemm~ ,--- v , ' - " ' ' -  ' - - ,~- . - -  

4-3/4 II1ch d]~mM~/Tf l lcoh4 

140 I~S0"d 

W ~  

Commons B o r g  temVb~ed at t U  feet due to ddlNng refusal 

Boring B-6 
Sheet I of 1 

l | J  

SAMPLES 

0 
20 

M A T E R I A L  D E S C R I P T I O N  

3-inch thick Amptu~ Concrete pawment underlain W 12 ~ of 
S~ ~wm, r~ete ~ /- 

~ ~ e  8AND. mo~ (kx~e to medium ckmH) 

OTHER TESTS 
and REMARKS 

1G 

15 

t t  

20- 

j 

Ormdes w~ alxaxm~ ~ 1  fn~mm~s (medium G~me) 

Reddllt~rovm Gleyoy mnW Ino to c~lrm G~. VEL. mo~ vdlh 
vok:anlG dma>l"dlamete¢ ( ~  derme) 

GldeS wtth cot)lx~ o nd Ix~dem 

Bode0 ~ o ~  Io 16.5 fNt I~OW the Omu~l surMce. 
Gmundweg~" n~ encountered. 
Bodn0 bmcXNJecl w~ und-cemunt Omul mb(~l w~  d~l mud. rand 

. patted w~  concern I0 rnstch t~  ulsang m'IKe. 

L.~t mud c ~ ¢ m ~ n  M 
IB.S f~¢  

-~0 

I 

lumum~.~m mnn~eo mm ~ '  m ~ ~ l , q  ml, r ¢~qle a 

, 

LOG OF BORJNG 
Pmpoeed I.NG Iml~rt  Te~gnmJ 
Pier Echo, Port of Long B e a ~  
FOR: Kellogg Brown and Root 

Figure B-7 
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~ e d  s) U 3  
~dlBt 

~ i R i i  Miyhew 1000 H m r  

T.O~rlan 

4-.~4 Inch d l a m a t m ' ~ T i ~  

14o JbnO'drop (8PT);44~ 
Ibm" drop (Type U) 

~ )  mines & Moore lype-U, SPT. S ~ b y  T . ~  

Comments Borlmg temdn~KI -* ~8 fNt  due to drlJIMg eilt~sd 

SAMPLE.~.SS 

0 
20 

8 MATERIAL DF..SCRIPTION 

3-1rich thlc~ Asphd Concn~ l~veme~ unde~m by 12 mc~o of 
ski .~m~nmote baq 

Boring B-7 
Sheet 1of I 

J~ 
Numlx~- ~ i ~ |  

~.~.~,~,~-~ . ~ , ~  

g 

10- 
~ , o  .11 ~ ", 

! 

! . 
° I '  : 

8 

~ ) 5  . 

i (J 

-10 30- 

Grades light olive-gray with ~ f r ~  (medhun define) 

Grades gray, wtt 

~ y  f, ne to coanm undy One to coame GRAVEL, w t  wth 
volcanic ~ >1" d~rnetor (medium dense) 

Or~es ~th cohos and bo~dem 
8 o ~  ¢omploted to 28 k4t 10elow me 0~xmd sudaoo. 
Ge~nxkwtsr eecour4o~d st 28 I~ t  Mdow tho ground ma.foce. 
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APPENDIX C 

CONE PENETRATION TEST PROGRAM 

The cone penetration test program was initiated on June 24, 2003 and completed on June 
25, 2003 under the technical supervision of a qualified geotechnical engineer. All field 
activities were performed in strict compliance with a site-specific Health and Safety Plan. 
The subsurface conditions at the site were explored by advancing 13 cone penetration 
tests (CFI"s) to depths ranging from 93 feet to I00 feet below existing ground sudace. 
The upper 5 feet of all C l ~ s  was hand-augered as an additional precaution for 
subsurface utilities. 

The following is a presenW.ion of the CPT exploration program performed by Gregg In 
Situ, Inc. of Signal Hill, California. Locations of the CPT's arc shown in Figure 2-1. 

-o0o- 

C-! 
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PRESENTATION OF CONE PENETRATION TEST DATA 

1.0 INTRODUCTION 

This report presents the results of a Cone Penatmtlen Testing (CPT) program can'led 
out at the Pier T site located in Long Beach, CA. The work was performed on June 23 "= 
and 24 ~, 2003. The scope of work was performed as directed by URS personnel. 

2.0 FIELD EQUIPMENT & PROCEDURES 

The Cone Penebation Tests (CPT) were carded out by GREGG IN SITU, INC. of Signal 
Hill, CA using an integrated elecbonic cone system. The CPT soundings were 
performed in accordance with ASTM standards (D 5778-95). A 20 ton capacity cone 
was used for all of the soundings (figure 1). This cone has a tip area of 15 cm 2 and 
friction sleeve area of 225 cm 2. The cone is designed with an equal end area friction 
sleeve and a tip end area ratio of 0.85. 

The cones used during the program recorded the following parameters at 5 cm depth 
intervals: 

- Tip Resistance (qc) 
- Sleeve Fdcbon (fs) 
- Dynamic Pore Pressure (U) 

The above pammetars were pdnted simultaneously on a printer and stored on a 
computer diskette for future analysis and reference. 

The pore water pressure element was located directly behind the cone tip. The pore 
water pressure element was 5.0 mm thick and consisted of porous plastic. Each of the 
elements were saturated in silicon oil under vacuum pressure prior to penetration. Pore 
pressure dissipations were recorded at 5 second intervals when appropriate during 
pauses in the penetration. 

A complete set of baseline readings was taken prior to each sounding to determine 
temperature shifts and any zero load offsets. Monitoring base line readings ensures 
that the cone electronics are operating properly. 

The cones were pushed using GREGG IN SITU's CPT rig, having a down pressure 
capacity of approximately 20 tons. Thirteen CPT soundings were performed. The 
penetration tests were carded to depths of approximately 100 feet below ground 
surface. Test locations and depths were determined In the field by URS personnel. 

V 
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The CPT sample holes ware grouted using our support rig. The grouting procedure 
consists of pushing a hollow CPT rod with a "knock out" plug back down the hole to the 
test hole termination depth. Grout is then pumped under pressure as the tmmie pipe is 
pulled from the hole. 

3.0 CONE PENETRATION TEST DATA & INTERPRETATION 

The cone penetration test data is presented in graphical form. PenetratiOn depths are 
referenced to existing ground surface. This data indudes CPT logs of measured soft 
parameters and a computer tabulation of interpreted soil types along with additional 
geotechnical parameters and pore pressure dissipation data. 

The stratlgrephlc interpretation is based on relationships between cone bee~g (qc), 
sleeve friction (fs), and penetration pore pressure (U). The friction ratio (Rf), which is 
sleeve fiction divided by cone bearing, is a calculated parameter which is used to infer 
sog behavior type. Generally, cohesive soils (days) have high fiction ratk~s, low cone 
beedng and generate large excess pore water pressures. Cohesionless soils (sands) 
have lower friction ~ ,  high cone beadng and generate little in the way of excess 
pore water pressures. 

Pore Pressure Dissipation Tests (PPDT's) were taken at various intervals in order to 
measure hydrostatic water pressures and approxlrnete depth to groundwater table. In 
addition, the PPDT data can be used to estimate the horizontal permeability (k~) of the 
soil. The correlation to permeability is based on the time required for 50 percent of the 
measured dynamic pore pressure to dissipate (te0). The PPDT correlaUon figure (figure 
2) is provided in the Appendix. 

The interpretation of soils encountered on this project was carded out using recent 
correlations developed by Robertaon et el. 1990. It should be noted that it is not always 
possible to deady identify a soil type based on qc, fs and U. In these situations, 
experience and judgement and an assessment of the pore pressure dissipation data 
should be used to infer the soil behavior type. The sog classification chart (figure 3) 
used to interpret soil types based on qc and Rf is provided in the Appendix. 

Interpreted output requires that depth of water be entered for calculation purposes, 
where depth to water is unknown an arbibary depth in excess of 10 feet of the deepest 
sounding is entered as the groundwater depth. 

V 
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GREGG IN SITU, INC. 
July 1, 2003 
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URS 
PierT 
Long Beach, Ca. 

We hope the information pmsentad Is sufficient for your purposes. We recommend that 
all data be carefully reviewed by qualified personnel to verify the data and make 
appropriate recommendations, ff you have any questions, please do not hesitate to 
contact our office at (562) 427-6899. 

Sincerely, 
GREGG IN SITU, INC. 

Operations Manager 
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ELECTRICAL PIEZOCONE 
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PPDT CORRELATION 
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Figure 2 
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SOIL CLASSIFICATION CHART 
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Gregg In Situ 
Environmental and Geotechnical Site Investigation Contractors 

Gregg In Sltu CPT I ~  as of January 7, 1999 (RMwae 1.00.19) 

Gregg In Situ's b~qx~dalto~ routine shouid be co¢~ldemd a calccmto¢ of current pubiatted CPT 
cocmiaUons and is ed)je~ to change to reflect the current state of ~ .  The interpreted ~alues am 
not c o ~ d d e r e d  valid for a l  soli typ~s. The l~efprelatJo¢~ am ixesen~d o ~  m a guide for geomc~ical 
use and should be carefully sctul~ized for consideration in any geotectmical design. Reference to 
c u r r ~  literature t~ ezongly ~ .  

The CPT Inlerpmla~OrlS are bimed o~ v/due~ of tip. s~seve fdc~o~ and pore preuure averaged over a 
u u f  ~ intental (lyplcel~ 025m). Nole lhal Qt i~ the recoKled tip v ~ e .  Qc, oormcled for pore 
pceuure eifec~s. S~nce all Gmgg In Situ cones have equal end area fdction ~deeve~ pore pressure 
coneclJoms to ~ee~e fric~e~ F~ am not requirecl. 

7he ~ ~ is: Qt . Qc ÷ (1-a) , Ud 

where: Ot kl f~e oonec~J ltp ~oed 
Oc ~ the , cmded re load 
Ud b ff~e recorded dynamic pore IXeUum 
a is Ihe Net Area Ra~o for the cone (typlcaly 0.85 for Gmgg In Situ cones) 

Elfec~ve ved~al ow~urden sUuses are calculsk~ based o~ a hydrosla~c dbtnbut~n of equilibrium 
pore pmuures below th~ water raise or from a user defined equilibrium pore pm~mm pmfll8 (this can be 
obtam~ from CPT d~a l~oe  resin). The sUe~s ca~latkx~ u~e un~ welght~ a~gned lo the Soil 
Behavior Type zones or from a user defined unit we~ht profile. 

Delalls regardb~g the ~ metlxxls for all of the ~teq)mted parsmetem Is given M m ~  1. The 
appcolxl~e re,metres interred k) in lalde I am listed bl lalde 2. 

The intimated Soil Behavl~ Type i~ be~d on I ~  charts de~loped by ~ and Can~ne le  
shown in figure I. 

Tabl. t 
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A'~-. 

A ~  

A v ~  

SST 

CPT Imerll~lation M*Uxx~ 

maS e=~ ~ 

,~,...aoea =m~m:t ~,, (~) 
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l -  
n ~  

~ =1oo' / . .~ 
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. 4 , s ~  = ! ±  ua, 
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C P T  In te rp re ta t i ons  
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