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The Honorable Magalie R. Salas
Secretary
Federal Energy Regulatory Commission
888 First Street N.E.

Washington, D.C. 20426

Re:  Sound Energy Solutions, Application for Authority To Site,
Construct, And Operage LNG Import Terminal Facilities,
Docket No. CP04 -000

Dear Ms. Salas:

Enclosed for filing pursuant to Section 3 of the Natural Gas Act and Part 153 of
the Commission’s Regulations thereunder, 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 order 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,
and C required by Section 153.8(a}(1), (2) and (3) of the
Commission’s regulations, ¥ C.F.R. § 153.8(a)(1), (2) and (3).
(PUBLIC);

. Volume I (Environmental Report — Resource Report Numbers 1, 2,
3, 4, and 5 and Appendices) (PUBLIC);
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. Volume II (Environnic 2tal Report — Resource Report Number 6
and Appendices} (PUBLIC);

o Volume JII (Environmental Report — Resource Report Numbers 7,
8,9, 104nd 11 and 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 — Resource 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 13.3-2, 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.
L. 11, 111, 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 (“CEII") as defined in 18 C.F.R. §
388.113(c). Accordingly, SES is filing an original and two (2) copies of Volume Nos.
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VI, VIL, VIIi, 7¥X, and X, each of which is marked in bold print CONTAINS CRITICAL
ENERGY INFRASTRUCTURE INFORMATION - DO NOT RELEASE. Finally,
SES is submitting a separatc 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 [-V, iabeled
“FERC Application, Resource Reports 1 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 accordance with Rule 201 1(c)(5) of the Commission’s Rules of Practice and
Procedure, 18 C.F.R. § 385.201 1{cX5), 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
clectronic medium are true.

Respectfully submitted,

e «&—@»»9/

Jo H. Burnes, Jr.
Attorney for
Sound Energy Solutions

cc:  Michael Boyle — I copy of Volumes I-X, Application, and Cuitural 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

W
i FERC Requirement Addressed in

Describe, by milepost, mineral resources that are currently or Section 6.2

potentially exploitable.

Describe, by milepost, existing and potential geological hazards Section 6.3, Appendix 6-1, Appendix 6-2
and areas of nonroutine geotechnical concern, such as high
seismicity areas, active faults, and areas susceptible to soil
liquetfaction, 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 from each one.

Describe how the project would be located or designed to avoid or | Section 6.4, Appendix 6-1
minimize adverse effects to the resources or risk o itself, including
geotechnical investigations and monitoring that would be
conducted before, during, and after construction. Discuss also the
potential for blasting to affect structures, and the measures to be
taken to remedy such effects.

Specify methods to prevent project-induced contamination from Not Applicable
surface mines or from mine tailings along the right-of-way and

L S whether the project would hinder mine reclamation or expansion
efforts.

If the application involves an LNG facility located in zones 2, 3, or | Resource Report 13
4 of the 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 | Not Applicable
how the applicant would control and monitor the drilling activity of
others within the field and buffer zone; (i) describe how the
applicant would monitor potential effects of the operation of
adjacent storage or production facllities on the proposed tacility,
and vice versa, (jii) describe measures to be taken to locate and
determine the condition of old wells within the field and butfer
zone and how the applicant would reduce risk from failure of
known and undiscovered wells; and (iv} identify and discuss safety
and environmental safeguards required by the state and Federal
drilling regulations.

January 2004
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Addressed in:

CEQA Requirements:

Would the project expose people or structures 1o potential Sections 6.1 and 6.3, Appendices 6-1 and
substantial adverse effects, including the risk of loss, injury, or 6-2
death involving:

i)  Rupture of a known earthquake faull, as delineated on
the most recent Alquisi-Priolo Earthquake 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.

i)  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 Section 6.3
unstable, or that would become unstable as a result of the project,
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 Section 6.2
mineral resource 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 locally- Section 6.2
important mineral resource recovery site delineated on a local
general plan, specific plan or other land use plan?

January 2004
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ACRONYMS

bgs below ground surface

CDMG California Division of Mines and Geology, now California Geological

Survey
DOGGR California Department of Conservation, Division of Oil Gas, and
Geothermal Resources

EIS/EIR Environmental Impact Statement/Environmental Impact Report

9 gravitationa! acceleration

km kilometers

LNG Liquefied Natural Gas

M Local Magnitude (older measurement scale for earthquakes)

MLLW Mean Lower Low Water

Muax Magnitude of maximum or upper earthquake

Mw Moment Magnitude (newer measurement scale for earthquakes)

m meters

mm/fyr millimeters per year

NFPA National Fire Protection Association

NOAA National Oceanic and Atmospheric Administration

OBE Operating Basis Earthquake

OES Office of Emergency Services (California)

PGA Peak Ground Accelerations

POLB or Port Port of Long Beach

PSHA Probabilistic Seismic Hazard Analyses

Rioo 100 Year Runup Height for tsunamis

Rsoo 500 Year Runup Height for tsunamis

SES Sound Energy Solutions

SoCal Edison Southern California Edison

SoCal Gas Southern California Gas Company

SSE Safe Shutdown Earthquake

THUMS-HB THUMS-Huntington Beach Fault

USGS United States Geological Survey

ybp years before present
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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 offloading 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 electric 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 Rockwel! 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

January 2004 Page 1
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b 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
et 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 18,000 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 both 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.

January 2004 Page 2
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hd 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 (km)) 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)) (DeMets et al, 1994). Deformation along the plate boundary
involves northwest trending right-lateral strike-slip faulting of the San Andreas fauit and parallel
hanadl 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 faulls within the Transverse Ranges (Walis 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 tault 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 faulis.

The Elsinore, San Jacinto, and San Andreas faults 1o the east of the Project are among the
most active fauits in California. Each of these fauits has a high slip rate and has had at least
one moderate to large magnitude historical earthquake. Movement along these three fauits
accounts for more than 70 percent 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

January 2004 Page 3
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bt 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-Inglewood 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-Inglewood and Palos Verdes
faults. The shallowest portion of the THUMS-HB fault is buried at a depth of approximately
4,000 teet (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 estimated 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 fauit. 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 underfain 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).

January 2004 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 Wells within 150 Feet of the Project

‘VELL-
1D

APl#

type

Distance
from
Project

Status

Barrels
Monthly
Range 2003

FE424

23702175

Injection

75" cast of
terninal

Actively
injecting in

26,000-40,000
water

footprim  [2003

75" cast of
terminal
footprint
140" west
of pipeline

W426 [23702703[Production IShut-in No production

‘Observation
only

Prod-water,

AL6C idle

03704034

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 sight
abandoned wells immediately adjacent to the terminal footprint, and the pipeline route is
adjacent 1o 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 early 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

January 2004 Page 5
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haad Beach, Department of Oil Propenrties. In the biennial report entitled “Elevation Changes in the

City of Long Beach, November 2001 1o 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-yearly 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 Qil 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 biock
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 km) from the site, and

» two local magnitude {M,) 4.8 earthquakes in October and November of 1941 in the
Carson-Long Beach-Wilmington area, also within the Newport-Inglewood fault zone
approximately 4.4 miles (7km) and 2.5 miles (4 km} from the site, respectively.

January 2004 Page 6



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

ENERGY RESOURCE REPORT 6
SOLUTIONS Long Beach LNG Import Project
b Large events (moment magnitude (M,) 2 6.5) within 63 miles (100 km) of the Project are listed
in Table §-2.

Table 6-2 Earthquakes of Magnitude Mw > 6.5 Within 100 km of Project

Epicentral
Date Distance in miles
(MO-DY-YR) Earthquake Causative Fault M, (km)
| 12-8-1812 Wrightwood San Andreas 7.5 est. 49 (81"
| 1-9-1857 Fort Tejon San Andreas 7.9 est. 49 (81)®
2-9-1971 San Fernando San Fernando 6.6 4 (7)
1-17-1994 Northridge Northridge blind thrust | 6.7 37 (60)

" The exact location of the 1812 earthquake on the San Andreas fault is uncertain but there is evidence for
surface rupture on both the Wrightwood and Mojave segments. This is the closest distance from the Mojave
fault segment to the LNG terminal site.

2 Thig is the closest distance from the 1857 fault rupture to the LNG terminal site; epicentral distance was
approximately 187 miles (300 km) northwest of site,

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-Priclo Earthquake Fault Zone to the Project is the
Newport-Inglewood 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
fauit is approximately 2.5 miles (4 km) southwest of the LNG terminal site.
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bt 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 Northridge earthquake at the nearby Fire
Station 111 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 Fernandoc 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 (M, 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). Fauit parameters used for
the Probabilistic Seismic Hazard Analyses (PSHA) (fault type, magnitude of maximum or upper
earthquake (Mmg,), 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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st Table 6-3 Summary of Fault Parameters
Monax Distance
Fault Name Abbreviation Type (M) mi (km)
ITHUMS-Huntington Beach THUMS - HB R-RL 7.0 1.4 (2.2)
Palos Verdes — PV & San Pedro Shelf Segments PVF RL-R 7.0-7.4 2.5 (4)
Newport-Inglewood — Onshore NIF AL 7.0-7.2 4.4 (7}
Palos Verdes-Santa Monica Bay PVF-SMB RL 5.6 11.3 (18)
Puente Hills Thrusi—Santa Fe Springs & Coyote Hills PHT-SFS CH
egments [al 7.1 10.6 (17)
Puente Hills Thrust—Los Angeles segment PHT-LA 2 5.9 15 (24)
Elysian Park Thrust EPT R 6.6 18.1 (29)
Newport-Inglewood — Otishore NIOF RL 7.0 1.9 (35)
[Santa Monica ntaMon I L-RO 5.6 3.8 (38)
hittier-Elsincre-Whittier segment Ewhittier RL 5.9 19.4 (31)
Hollywood Hollywd LL-RO 6.6 P4 .4 (39)
Raymond Raymond LL-RO 6.5 25 (40)
Verdugo \Verdugo R 6.7 6.3 (42)
[Sierra Madre SierraMa 2 7.4 30 (48)

L — INorthridge Northrdg R 6.9 35 (56)
San Fernando SanFern R 5.7 35.6 (57)
Cucamonga Cucamong R 7.0 36.3 (58}
Whittier-Elsinore-Glen vy segment WEGIenlvy AL 5.9 38.1 (61)
Santa Susana SantaSus 2 5.8 140.6 (65)
W hittier-Elsinore-Temecula segment ETemecula JRL 7.0 46.9 (75)
San Andreas-Mojave segment [SAMojave RL 7.5 50.6 (81}
San Jacinto-San Bernardino segment SJUSanBer RL 5.75 52.5 (34)
iSan Andreas-San Bernardino segment ISASanBer RL 7.25 54.4 (87)
ISan Jacinto-San Jacinto segment iSJ SanJac AL 7.0 56.3 (90)
ISan Jacinto-Anza segment SJAnza RL 7.4 74.4 (119)
San Andreas-Coachella Valley segment [SACoache AL 7.6 100 (160)
[San Andreas-Carmizo segment ISACarnz L 7.75 106.3 (170)

Notes: LL-RO = Left lateral reverse oblique; R = Reversa; RL = Right-lateral; M, = Moment Magnitude;
Distance = ciosest distance from fault 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
ua”
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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 fauits considered to be
seismic sources were used to modify the CDMG/USGS parameters. Except as noted below,
the M, 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 et. al. (1995). A range of values for
M.... are used for the Palos Verdes and Newport-Inglewood 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 Mnya, On the
THUMS-HB fault.

Strong ground motion for seismic design of the planned LNG facility was assessed consistent
with criteria specified by the National Fire Protection Association Standard NFPA 59A. This
assessment by URS (2003a) was also consistent with California Geologic Survey Note 48
Checkiist 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
probabilistic 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 faulit,
located 2.5 mi (4 km) 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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b 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 electric distribution line routes, is located within a
liquefaction hazard zone (COMG, 1998).

The combination of high seismicity, shallow groundwater conditions and weak hydraulic fills with
predominantly sandy and silty soils resutt 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 117, 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 Idriss, 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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b 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

N’ California are not currently available from the National Oceanic and Atmospheric Administration
(NOAA) or California Office Emergency Services {OES). However, URS contacted Jose
Borrero at he University of Southern California, who performed the recent tsunami modeling for
NOAAJ/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 {R1x)
runup height of +8 feet (2.5 m) and a 500-year (Rsoxo) 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 R, value is considered to be most representative
of far tield (i.e. Alaska, Japan, South America subduction zone earthquakes) generated
tsunamis, and the Rsy value is more representative of locally (continental bordedand
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 mm/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
codes (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 whart 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. [t 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 liquefiabie 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
liquety, not all would, and there is no chance that the pipeline would float out of its installed
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hd 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

b oed measures that must be incorporated into construction to protect active production and injection
wells, as weli 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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- November 14, 2003

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 75

Dear Mr. Duggal:

This letter transmits our Final Geotechnical Report for the proposed Liquefied Nutural
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 includes a discussion
of foundation and site improvement schemes to mitigate excessive total and differential
static settlements, liquefaction-induced settiements and lateral spreading, and presents
geotechnical recommendations for design and construction of the proposed ING

Terminal.

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

phases.

Sincerely,

URS Corporation

s

Wolfgang H. Roth, Ph.D., B
Princci‘Pal Engineer/Vice-Presi
URS Cdrporation
e d 911 Wilshire Boulevard, Sulte 700
Los Angeles, CA 90017-3437

Tei: 213.996.2200
Fax: 213.966.2290

E\philip\UNG final repart doc
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N’ 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. Califomia. 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 u site investigation including 9 exploratory borings, 13 cone penetration 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
Echo, the site i1s on hydraulic fill which is retained along the watertront by a cellular steel
sheetpile bulkhead in the south, and a rock dike with a pile-supported concrete wharf in
the west.

Subsurfuce 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

st granular 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
wus arrested 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

0.44¢ und 0.88g and corresponding magnitudes of 7.0 and 7.4, respectively. The results
of our anulyses indicate that, without soil improvement, the upper 65 feet of loose to
medium dense granular materials below groundwater would liquefy, with estimated post-
eurthquake setilements on the order of 19 to 25 inches for the OBE and SSE events,

respectively.

Static settlements of the LNG tanks were analyzed under hydro-test loading conditions,
in order to determine the need for ground-improvement to meet the specified settiement
cnteria.  The analyses were performed in two steps. First, the compressibility of the
foundution 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.c. soil + stone
columns) material behavior derived from the unit-cell model.

ES-1
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et The results of our foundation analyses indicate that ground improvement and/or deep pile
foundations will be necessary in order 1o avoid liquefaction-related damage, and to meet
the stringent static-settiement criteria for the proposed LNG tanks and other major
structures. Foundation options satisfying these requirements include (1) stone columns
installed after pre-loading the site with a 25-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 engineered 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 unalysis results and recommendations provided herein 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-buiit dimensions and integrities of the water waterfront structures should also be
investigated.
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gt FINAL GEOTECHNICAL REPORT
PROPOSED LNG IMPORT TERMINAL DEVELOPMENT
PIER ECHO, TERMINAL ISLAND
PORT OF LONG BEACH, CALIFORNIA

1.0 INTRODUCTION

This report prescnts the results of a geotechnical investigation performed by URS
Corporation (URS) for the proposed Liquefied Natural Gas (LNG) 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 LNG storage tanks and various support facilitics and structures.
The location of the site with respect to existing topographic features is shown on the

Vicinity Map, Figure 1-1.

Our services have been performed as authorized by KBR Contract No. 6801-01-SC-001-
03, duted June S, 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 geotechnical issues pertinent to the proposed
project, and our geotechnical recommendations for design and construction of the project.
Regional tectonics and seismicity, regional and local geology, and earthquake ground-
motion hazards at the site are presented in a separate report prepared by URS, titled
“Final Report, Seismic Hazard Analysis for LNG Import Terminal, Port of Long Beach,

California,” dated September 10, 2003 (URS Job No. 33756066).

Conclusions and recommendations presented in this report are 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 be extrapolated to other areas without

prior review of the geotechnical engineer.

\philip\LNG final report.doc
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e 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
Marine Terminal to the north, Arco Oil Terminal and Fremont Forest lumber facilities to
the east, and the West Basin and Middle Harbor to the west and south, respectively.

The proposed project consists of development of a new LNG import terminal. The
terminal will include two LNG storage tanks, a LNG truck-loading storage tank, C3/Cs
extraction unit and tanks, recondenser 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 walls, housed within a free-standing concrete wall. The 243-foot
diameter, 122 Y-foot high, inner steel tank will rest on a foam glass pad and will be
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-119 (Dames & Moore, 1993) and Arco Marine Tanker Terminal and Crude Oil

1-2
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hndd 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 thesc projects, as well as geotechnical investigation reports
prepared by other consultants within the vicinity of the project site, were reviewed during
the current study. These reports are summarized in the Reference section, and the Logs
of Borings are 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:

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

-

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

e Site reconnaissance to observe the existing site features and plan the proposed
exploration locations;

e Contacting Underground Services Alert (USA) of Southern Califomia 1o
identify subsurface utilities, and obtain clearance for exploration locations at
the site;

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

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

e Advancing thirteen (13) CPT's to depths of 100 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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hdd e Surface seismic velocity testing within the proposed footprint of each LNG
tank;

o Disposal of investigation-derived drilling wastes at an appropriate off-site
facility;

e Geotechnical laboratory testing of representative samples to classify soils and
evaluate their strength, compressibility and other pertinent geotechnical

characteristics;

« Evaluation of site liquefaction potential, liquefaction-induced settlements and

lateral spreading;

Seismic-stability evaluation of the site and existing waterfront structures,

including development of potential wharf strengthemng and/or replacement

schemes;

e Development of potential foundation and sitc improvement schemes,
including evaluation of static tota] and differential settlements for these

schemes;

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

e Preparation of this engineering report, which includes our findings and
recommendations.

During the course of the geotechnical investigation, visual examination of soi! 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.

14
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PROPOSED MAJOR STRUCTURES AT LNG TERMINAL

Structure Dimenslons Anticipated Load Conditions
(kips)
LNG Storage Tanks (x2) 255-foot diameter, 168- | 275,000 operating; 320,000

foot high

hydrotest

Truck-Loading Storage Tank
{similar construction to large
LNG storage tanks)

65-foot diameter

9,600 operating; 15,500
hydrotest

C; Tank - supported on 13 legs

82-foot diameter

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

C; Tanks (x2) - supported on 11
legs

70-foot diameter

9,900 (900 per leg) operating;
16,280 (1,480 per leg) hydrotest

Demethanizer Tower

18-foot diameter,
80-foot high

850 operating; 1670 hydrotest

Water Expansion Tank -
supported by 2 saddle pedestals

12 Y4-foot diameter,
37-foot long

440 (220 per pedestal)

Vaporizer Fluid Units (x3) -
supported on 4 legs

29-foot diameter

600 (150 per leg)

BOG Compressors (x2)

N/A

300 - 500

Booster Pumps Structure (x2)

25-foot high

Column loads of 125 axial and 8
shear :

Main Piperack N/A Maximum column loading of 30-
50 axial and 7-10 shear
Tank Area Containment Wall 20-foot high Pile loading of 60-120

compression, 30-60 tension, and
8 lateral

Notes: N/A = Not Available
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b 2.0 FIELD EXPLORATION AND LABORATORY TESTING PROGRAMS

Geotechnical field exploration and testing activities were 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 2-1.

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 Southemn 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 % feet to 161 %4 feet
below the existing ground surface. All borings were drilled by C&L Drilling of La
Habra, Califomnia using mud-rotary drilling equipment. Undisturbed samples of the
subsurface soils were obtained using Dames & Moore Type-U and Shelby tube samplers.
Standard penetration tests (SPT's) were also performed at selected intervals within the
borings. A detailed description of the Exploratory Drilling Program, including Logs of
Borings, is presented in Appendix B.

2-1
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haad 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 In-situ Drilling of Signal Hill, California, in general accordance with ASTM D-
344]-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 geotechnical 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 LNG 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 properues. A
comprehensive description and results of the Geotechnical 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

1o evaluate corrosivity properties. Corrosivity testing was performed by M.J. Schiff &

Associates, Inc. of Claremont, California, and consisted of performing thermal resistivity,

electrical resistivity, pH, chloride, and sulfate testing. A summary of the Corrosivity
et Testing Program, which inciudes the M.J. Schiff report, is presented in Appendix I.

2-2
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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 appropnate off-site facility.
Chemical test data and waste manifest are presented in Appendix G.
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hd 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 southem
boundary of Rattlesnake Island formerly 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 tuming

~— 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 Terminal 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 3-1. 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 Pier 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 3-1).
Perimeter rock dikes were constructed to facilitate reclamation of this first phase of Pier

Echo.

3-1
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hd 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 Qil Extraction and Subsidence

The Wilmington Lagoon area and oilfield 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, reiated to
groundwater extraction and possibly natural basin-sediment consolidation, were noied as

carly as 1928.

The maximum subsidence rate of about 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, 2002).

The subsidence was arrested in the 1970's by water injection into the oil reservoirs, and a
small portion of the lost clevation 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
32
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pavement along the west and south waterfront areas. Several miscellancous 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 buikhead ranges from Elevation -41 to -46 feet MLLW, 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 sca floor adjacent
to the wharf/dike ranges from Elevation -37 to 44 feet MLLW, north to south (POLB,
2003), deepening to about -55 feet MLLW 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 penimeter 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 of -57 feet MLLW (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 %-inch diameter stee] cables connected
to 3-foot 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 cells.
The steel pipe piles extend to an approximate elevation of -64 feet MLLW; the lengths of
the timber piles are unknown. A concrete deck, 2-foot thick and 68-foot wide, covers the
bulkhead cells. Crane rails are spaced 30 feet apart, with the waterside rail set back

approximately 27 feet from the pierhead line.

3-3
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e 3.2.4 Pile-Supported Wharf

The western perimeter (except the southem 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's 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 | %4:1 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,
i 1961). The crane rails are 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 eievation 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 8 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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S 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 east-west
direction through the south LNG tank; Section C-C’ in an east-west direction through the
north LNG tank; and Section D-D’ in an east-west direction through the northem area of
the project site. The cross sections are presented in Figures 3-5 through 3-8, and their
locations are shown in Figure 2-1. In general, the subsurface materials may be divided

into four strata as follows:

» Artificial fill materials,

¢ Predominantly fine-grained estuarine deposits,

e Predominantly coarse-grained marine deposits, and
=~ e 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 encountered 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 result, the artificial fills are highly variable, ranging from loose sands to
soft, compressible silts 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 predominantly of loose to medium dense sands and silty sands with

35
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bt 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 arc 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 northem 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 filis over the entire site
area consist predominantly of loose to medium dense sands and silty sands, with layers of
medium stff to stiff fine-grained materials. SPT blow counts and CPT tip resistances

ranged from O to 28 and 5 1050 tons per square foot (1sf), 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

1sf, respectively.
et 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 % 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 (comesponding to an
approximate elevation of -132 feet MLLW) below the existing ground surface in Borings
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B-9 and B-1, respectively. This layer does not appear t0 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 generahized
subsurface profile for the southem portion of the site. where the LNG tanks will be
Jocated. The upper 20 to 25 feet of soils further north 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 entire site. A summary of the
generalized subsurface profile and material properties used in our analyses is presented in

Table 3-1.
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 Y4 to 22 ¥ feet
bt below ground surface (approximate clevations 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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TABLE 3-1
GENERALIZED SURSURFACE PROFILE AND MATERIAL PROPERTIES

Layer | Depth USCS Unit | Initial | Com- | Recom- | Com- Recom- Strength Shear (Ni)es
No. (feet) Classifi- | Weight | Void | pression | pression | pression pression Parameters Wave | Corrected
cation (pch Ratio | Index Index Ratio Ratio Velocity | SPT Blow
(eq) (Cc) {Cr) (CC) (RR) Cohesion | Friction (fps) Count
(psD (deg.) (bpf)
1 0-20 ML/CL 104 0.87 0.322 0.064 0.172 0.034 200 27 500 N/A
2 20-55 SP/SM - 122 0.78 0.15 0.015 0.084 0.008 200 30 600 7
SM
3 5565 ML/CL 117 091 0.391 0.106 0.205 0.055 800 27 600 N/A
4 65-70 SP/SM - 120 0.84 0.15 0.015 0.082 0.008 200 31 725 7
SM
3 70-80 ML/CL 121 0.81 0.21 0.043 0.116 0.024 1200 27 750 N/A
6 80-95 SP- 123 0.72 0.048 0.007 0.028 0.004 0 38 800 42
SP/SM
7 >95 SP - 127 0.58 0.048 0.007 0.030 0.004 0 38 850 > 50
SP/SM
Notes: pef = pounds per cubic foot

psf = pounds per square foot
deg = degrees

fps = feet per second

bpf = blows per foot

N/A = Not Applicable
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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.c. 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 seismicity, shallow groundwater conditions and weak hydrzulic
~ fills with predominantly sandy and silty soils result in a significant potential for
liquefaction at the site. Liquefaction-induced hazards at the site include post-carthquake
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 NFPA 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.
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b 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:

1. 1940 Impenal Valley, El Centro, NS component, scale factor = 1.43;
2. 1979 Impenial Valley, Array #5, 230 degree component, scale factor = 1.11; end
3. 1989 Loma Prieta, Gilroy #3, 90 degree component, scale factor = 1.33.

The scaled OBE time histories are shown in Figure 4-2. The SSE time histonies, 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 (Civiltech
Software, 2003) and other analytical methodologies (Seed and de Alba, 1986; Tokimatsu

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

In general, the above methodologies evaluate liquefaction potenual 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
groundwater 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 H. Shaded areas within the ‘Shear
Stress Ratio’ column represent soils with a factor of safety less than 1.3, i.e. potenually
liquefiable. The results show that for both the OBE and SSE events, the upper 65 feet of

4-2
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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

Immediately 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 to 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 fcr the

SSE event.
Estimated post-earthquake settlements are summarized in Table 4-1 and presented in

Appendix H. This report includes recommendations for liquefaction mitigation, so that
post-carthquake settlements will not adversely affect the integnity of the proposed

structures.

4.3
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TABLE 4-1
bt SUMMARY OF LIQUEFACTION ANALYSES
Operating Basis Earthquake (OBE}) Safe Shutdown Earthquake (SSE)
Boring | Liquefaction- | Seismic-Induced Liquefaction- | Seismic-Induced
e Sitt't?::lﬁt slzftylf;é':t Total Szl:t(ll:r:l:it szﬁiﬁlft Total
{inches) (inches) (inches) (inches)
B-1 | 11.8 0.0 11.8 124 27 l 15.1
B2 | 189 0.0 18.9 18.9 0.0 18.9
B-3 12.2 1.3 13.5 12.5 3.2 ' 15.7
B4 13.3 0.0 13.36 144 0.0 14.4
B-5 126 0.0 12.6 12.4 2.1 14.5
B-8 15.1 3.6 18.7 15.7 95 25.2
'~ B-9 6.1 0.6 6.7 7.2 5.0 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 LNG storage tanks adjacent to the existing wharf
structures. While we understand that POLB is responsible for detailed seismic
performance evaluation of the waterfront structures and development of strengthening
and/or replacement schemes, if required, the objective of this evaluation was (0 asscss
how shaking-induced deformations of these structures might affect the tank 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 anificial fill and
estuarine deposits, much of which is liquefiable. Two tank foundation schemes were
analyzed: (1) 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 wes 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 POLB that only minimal dredging, if required 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
geotechnical 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

‘ 5-1
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N’ flow. FLAC has been thoroughly verified against closed-form solutions, physical models,
and field-testing.

Time domain, non-lincar 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 Seed (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.

Pore-pressures are 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 are 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 resuits in a more realistic dynamic response
than can be achieved with equivaient-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., 1991; Roth et al., 1993; Dawson et al, 2001),
analysis of dynamic soil-structure interaction of wharf structures (Raoth et al., 1992), and
prediction of dynamic centrifuge tests (Inel et al., 1993; Roth and Inel, 1993).

5.3 DESIGN EARTHQUAKES

To perform time-domain analyses it was necessary to develop ground acceleration time
histories for both the OBE and SSE. Three representative records were selected for the
OBE and scaled by factors to make their response spectra more compatibie 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 5-1. 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 are discussed in Section 4.1.

5-2
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5.4 SECTION C-C': TANK ADJACENT TO PILE-SUPPORTED WHARF

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

discussed in Section 3.2.4.

For the 2D numerical model, the circular LNG tank is approximated as an equivalent
square with equal area. The mass of the tank is captured with a single row of continuum
clements, 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 procedures recommended by the American Petroleum Institute (1987).
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 minimize
lateral wave trapping and interference, the left and right sides of the mesh are also
absorbing boundaries, but with real-time feedback from 1-D “free field” computations
simuiating 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 ali 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 liguefaction.

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

5-3
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had 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 Centro 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 10 4 feet for the SSE. The
wank foundation settles up to about 1 and 5 inches for the OBE and SSE, respectively.
ad 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-stressed concrete piles in
a triangular pattern with a center-to-center spacing of 7 ¥4 fect. 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 casc are shown in Figure 5-7 for the OBE.

Computed displacements of both the existing wharf and the proposed LNG-tank
foundation for all earthquakes analyzed are summarized in Table 5-5. 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 1 and 6 inches for the OBE and SSE,

respectively.

54
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5.5 SECTION A-A’: TANK ADJACENT TO CELLULAR BULKHEAD

The FLAC numerical mesh for Section 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 frame legs representing
the bulkhead walls. In order to simulate the hoop action of the circular bulkhead cells, the
vertical frame members were linked horizontally by cables. Ultimate strengths values for
these cables were denved from the interlock strength between sheetpiles. The resistance of
the bulkhead to shear distortion was approximated by placing diagonai cables in the frame,
whose equivalent yield strengths were derived from friction in the sheetpile locks. Structural
properties for the cellular bulkhead are 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
b 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 Centro acceleration time
history. The pierhead line of the bulkhecad 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 earthquakes 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 are essentially zero and up to about 3 inches

for the OBE and SSE, respectively.
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§.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 1 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 Centro 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 5-1), 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 POLB.

5-6
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TABLE 5-1
hd PROPERTIES OF WHARF PILES
Property Value
Diameter (inches) 18
1(in%) 5,745
A (in%) 268
E (psf) 6.5 x 10
! Plastic Moment (kip-feet) 234
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~ TABLE 5-2
EFFECTIVE PROPERTIES FOR STONE-COLUMN IMPROVED SOIL
Soil Depth Unit | Cohesion F;i:ﬁ; " g:;::: Poisson
Type (feet) “(:ic%“ (psD | degfm) Velocity | Ratio
(fps)

Silty Clay 0-20 114 200 33 600 0.35
Silty Sand 20-55 130 200 35 720 0.30
Silty Clay 55-65 125 800 33 720 0.45
Silty Sand 65-70 130 200 35 870 0.30
Suff Clay 70-80 130 1200 33 900 045

Notes:

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

CP04-58-000

o
SHAKING-INDUCED PERMANENT DISPLACEMENTS
SECTION C-C' WITH STONE COLUMNS
OBE SSE
1940 1979 1989 1940 1979 1989
El Imperial | Loma El Imperial | Loma
Centro | VYalley Prieta | Centro | Valley Prieta
Wharf Deck Lateral 6.5 9.6 45 26 44 24
Displacement (inches)
Tank Mat Waterside 0.9 2.3 1.0 34 4.7 2.5
Settlement | Center 0.2 2.7 0.1 1.0 34 1.2
(inches} |y andside | 0.7 3.7 0.6 0.5 5.0 2.4
—
I Tank Mat Waterside 0.1 0.0 0.1 2.0 0.2 38
: Lateral | cenger 0.1 0.1 0.1 2.0 0.2 3.8
S’ v e
' Displacement
(inchesy | Landside 0.1 0.1 0.1 2.0 0.2 3.8
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TABLE 5-4
~ PROPERTIES OF PILES SUPPORTING THE LNG STORAGE TANKS
Property Value
Diameter (inches) 24
1(in%) 18,217
A (in?) 478
E (psf) 6.5x 10°
| Piastic Moment (kip-feet) 600
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TABLE 5-5

~ SHAKING-INDUCED PERMANENT DISPLACEMENTS
SECTION C-C’ WITH TANK SUPPORTED BY PILES
OBE SSE
1940 1979 1989 1940 1979 1989
El Imperial | Loma El Imperial | Loma
Centro | VYalley | Prieta | Centro | Valley | Prieta
Wharf Deck Lateral 7.3 12 6.1 34 53 3N
Displacement (inches)
Tank Mat Walerside 0.1 0.1 0.1 0.1 0.1 0.1
Settlement | Center 0.1 0.1 0.1 0.1 0.1 0.1
| inches) Landside | 0.1 0.1 0.1 0.1 0.1 0.1
i
|
' Tank Mat | Waterside | 0.2 0.] 1.3 1.2 6.3 1.7
~ Lateral | center 0.2 0.0 13 1.2 6.3 1.7
Displacement
0.2 0.0 13 1.2 6.3 1.7

(inches)

r Landside
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TABLE 5-6
~ PROPERTIES OF CELLULAR BULKHEAD SHEETPILES
Property Value
I(fi*) 19x10*
A (ft%) 0.033
E (psf) 42x10°
Interlock Strength (kips/inch) 16
Interlock Friction Coefficient 0.3
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TABLE 5-7
-~ SHAKING-INDUCED PERMANENT DISPLACEMENTS
SECTION A-A’ WITH STONE COLUMNS

OBE SSE

1940 | 1979 | 1989 | 1940 1979 | 1989

El Imperial | Loma’ El Imperial | Loma

Centro | Valley | Prieta | Centro | Valley | Prieta

Pierhead Line Lateral 2.5 25 1.8 7.2 6.0 7.2

Displacement (inches)

Tank Mat Waterside 0.4 0.5 0.6 1.3 1.2 0.0

Settlement | Center 0.1 0.1 0.1 0.9 1.2 0.0

| (nches) || andside | 0.0 0.0 0.0 13 1.2 0.0

[ Tank Mat | Waterside 0.0 0.0 0.0 0.3 0.0 3.1

|

- - Laeral ) cenger 0.0 0.0 0.0 03 0.0 3.1
Displacement

(inches) Landside 0.0 0.0 0.0 0.3 0.0 31
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-
SHAKING-INDUCED PERMANENT DISPLACEMENTS
SECTION A-A’ WITH TANK SUPPORTED BY PILES
OBE SSE
1940 1979 | 1989 | 1940 1979 1989
El Imperial | Loma El Imperial | Loma
Centro | Valley | Prieta | Centro | Valley | Prieta
Pierhcad Line Lateral 48 5.5 4.4 7.1 6.0 72
Displacement (inches)
Tank Mat Waterside 0.1 0.0 0.1 0.1 0.2 0.0
Settlement | Center 0.1 0.1 0.1 0.1 02 0.0
(inches) |y andside | 0.1 0.1 0.1 0.1 0.2 0.0
Tank Mat Waterside 0.1 0.0 0.8 1.2 35.0 38
- I Laeral e 0.1 0.0 0.8 12 35.0 38
Displacement -
(inchesy | Landside | 0.1 0.0 0.8 12 35.0 3.8
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e’ 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 17300 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 1o 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
subsurfuce profile discussed in Section 3.3.6 was used for all settlement analyses.

Compoyite (Soil + Stone Columns mpressibili

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

eviJuated utilizing un elasto-plastic Mohr-Coulomb mode! 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 composite layer (i.e. soil with stone columns) in
response 1o vertical loading was analyzed by prescribing a displacement boundary
condition in the form of a constant downward velocity at the top of the model.

The material properties assumed for the stone columns include a Young's Modulus of
3,000 kips per square foot (ksf), 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

6-1

£ PIhPLNG Do) report.do



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

without prior pre-loading, these soils were assumed to be nommally 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 (0 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
resulung 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 reuching un 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.

Tunk-Foundation Model

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 arca 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 pst wathout pre-loading and 4,000 psf with pre-loading.

6-2
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6.1.3 Existing Soils Without Soil Improvement

The seutiements for tanks founded on existing, unimproved soils were estimated for
pertectly 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 LNG tanks are generated in the
upper artificial fills and underlying estuanine deposits. We estimated that total settlements
of LNG tanks founded on unimproved soils would be about 3 feet beneath the tank
penmeter, 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 (a;) of about 0.17, corresponding to a triangular
pattern of 42-inch diameter stone columns at 8-foot center-to-center spacing. The stone
columns 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

—’ foundation {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.
[ncluding the 4-foot thick mat in the model produced corresponding settlements of 32 and
38 inches, or 6 inches of differential settiement. The results of our settlement analyses
for this cuse are presented in Figures 6-3 through 6-6 and summarnized in Table 6-3.

Since the differential settlements reported above exceed the specified S-inch criteria, the
following options for improving setilement performance were further investigated: (1)
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 arc
considered to be prudent additional improvement measures given the very poor and
highly vuriable 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 fili 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
feasible alternative for support of the LNG storage tanks would be removal of the upper
15 feer 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.
approximuiely 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 are 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.

Avied Cupacities

Driven to lip elevations of about -80 feet MLLW, allowable pile capacities for 14- and
16-inch square and 24-inch octagonal piles are presented in Tables 6-5 and 6-6. Tuble 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 fect of the site. Allowable capacities with and without
downdrug 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

spacing, 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.
Speaific recommendations about thickness and installation of these layers cun be
provided on a case-by-case. Past expenences with these applications have shown that
downdrug forces could be reduced by as much as 50 to 70 percent (Fellenius, 1998, and
Withworth et.al., 1993)

The axiul 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
Y2 inch, excluding elastic compression of the piles under design loads.

Lateral Resistance

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
octugonal 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
capucities 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
narthern arcu of the site (north of the LNG tanks), where the upper fills appear to be mure
granular than the rest of the site. While the more granular soils to the north contribute to
increused lateral capacities, the greater adhesion and friction of these soils cause larger
downdrug forces and reduced axial downward capacities, as shown in Table 6-6.

Lateral pile resistance can be considered linearly proportional up to 1-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
leust 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
structurai 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
tunk, 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 6-10. The
existing ground surface was assumed to be at Elevation +20 feet MLLW, and the
groundwater table was assumed at Elevation +5 feet MLLW (average tide level), with

tidal influences neglected.

6.2.2 Settlement Design Criteria

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

1. 1-inch total or Y%-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

Several of the proposed major structures for the LNG terminal are anticipated to have
heavy loading, equivalent to the LNG storage tank loads on the order of 5,800 psf,
including the truck-loading LNG storage, C, and C, tanks, and demethanizer tower. For
these structures the same foundation options as discussed in Section 6.1 may be utilized
to meet the differential settlement criteria. However, since the total settlement critena for

6-6
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these structures is more stringent than for the LNG storage tanks, stone columns would
have 10 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 ume 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 are presented in Tables 6-5 and
6-9, respectively.

6-7
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TABLE 6-1
N— IDEALIZED CONSTRAINED MODULI FOR SETTLEMENT ANALYSIS
l Layer Constrained Moduli (ksf)
Stone Columns with Pre-Loading ’ | Stone Columns without Pre-Loading ‘"
Stress Increase | Stress Increase Stress Increase Stress Increase |
! < 4,000 psf (E1) | > 4,000 psf (E2) < 2,600 psf (E1) > 2,600 psf (E2) |
| 1 I 150 110 35 90
2| as00 1,750 1,850 2,300 |
3 1,250 120 125 140 i
4 4,200 800 1,400 1.750 !
;[ 5 3,200 290 260 240 ‘
Notes:
- ksf = kips per square foot

psf = pounds per square foot
(1)  Constrained moduli of the soil layers, E1 and E2, are based on the figure shown below.

: A

Axial Stress

Increase (psf)

E2
2,600/4,000}--—
El
>
Axial Strain (%)



TABLY 6-2
BULK AND SITEAR MODULI OF IMPROVED SOILS

Stone Column without Preloading Stone Column with Preloading
Soil Depth Stress Increase Stress Increase Stress Increase Stress Increase
Type (feet) < 4,000 psf (E1) ~> 4,000 psf (E2) < 2,600 psf (E1) > 2,600 psf (E2)
Bulk Shear Bulk Shear Bulk Shear Bulk Shear
Modulus Modulus Modulus Modulus Modulus Modulus Modulus Modulus
(ksf) (ks) (ksf) (ksf) (ksf) (ksf) (ksf) (ksh)
Silty Clay 0-20 130 45 75 25 25 8 60 20
Silty Sand 20-55 1,550 710 1,080 500 1,140 525 1,420 650
Silty Clay 65-55 1,100 110 105 10 110 12 120 13
Silty Sand 70-65 600 1,200 500 230 870 400 1,100 500
Stiff Clay 80-70 2,800 290 250 25 225 25 210 20
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TABLE 6-3
SUMMARY OF ESTIMATED SETTLEMENTS DUE TO LNG TANK LOAD

Scenario

Estimated Settlement (inches)
Under Tank Center Under Tank Perimeter Differential
Immediate | Consolidation | Total | Immediate | Consolidation | Total
Stone Columns | Without Mat 2 35 37 | 21 22 15
without Pre-
Loading With Mat 2 36 38 { 31 32 6
Stone Columns | Without Mat 3 4 12 6 0 6 6
with Pre-
Loading With Mat 9 4 13 8 | 9 4
Replacement of | Without Mat 2 B 13 6 ] 7 6
Upper 15 feet
and Stone With Mat 2 1% 13 l 7 8 5
Columns
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TABLE 6-4
-’ ESTIMATED SETTLEMENTS DUE TO 25-FOOT HIGH SURCHARGE FILL
g Settlement (inches) Duration ;
: (months)
‘ Immediate | Consolidation Total
i
| Totul Settlement | Compression 18 32 50 5
|
‘ Rebound NA NA 9 2
l After 3-month | Compression 18 24 42 3
. surcharge period
; | Rebound NA NA 7 1
1 l
Notes:
NA = Not Applicable
(1) 90 percent of consolidation will occur within S months, The remaining 3 inches of settlement
will occur over a 2 to 3 year period.
(2) Assumes a uniform rate of fill placement during a 1-month construction period.
S
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TABLE 6-5
-’ AXIAL PILE CAPACITIES FOR EXISTING SOIL CONDITIONS
Pile Minimum Pile | Axial Downward | Axial Downward | Axial Upward
| Dimension Length (feet) Capacity without Capacity with Capacity (kips)
Downdrag (kips) | Downdrag (kips)
|
14-inch 90 310 160 140 '
square
16-inch 90 390 220 160
square
24-inch 90 600 380 225 l
l octagonal
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TABLE 6-6
et AXIAL PILE CAPACITIES WITH IMPROVEMENT OF UPPER 15 FEET OF SOILS
Pile Minimum Pile | Axial Downward Axial Downward | Axial Upward
Dimension Length (feet) Capacity without Capacity with Capacity (kips)
Downdrag (kips) Downdrag (kips)
14-inch 90 310 135 145
| squure
| 16-inch 90 390 190 170
~ square
| 24-inch | 9 600 340 240
: octagonal
‘e
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TABLE 6-7

LATERAL PILE CAPACITIES FOR EXISTING SOIL CONDITIONS

Pile | Pile Head Fixed-Head Condition Free-Head Condition
Dimension l Deflection
‘ (inches) Lateral Maximum Lateral Maximum
Load Induced Moment Load Induced Moment
{ (kips) (kip-feet) (kips) (kip-feet)
| 1a-inch ]1 3/8 17 %0 8 35
| Square { l 35 220 13 70
! F
i \oinch | /8 23 140 10 50
s i
t Square | 1 44 310 17 110
' e | 8 48 385 18 130
| octagonal 1 100 920 35 300
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TABLE 6-8

LATERAL PILE CAPACITIES WITH IMPROVEMENT OF UPPER 15 FEET OF SOILS

'
Pile Pile Head Fixed-Head Condition Free-Head Condition —I
Dimension | Deflection
(inches) Lateral Maximum Induced Lateral Maximum Induced
Load (kips) | Moment (kip-feet) | Load (kips) | Moment (kip-feet)
laineh |8 40 170 16 60
square | 1 80 385 31 135 |
! 16-inch 3/8 50 235 21 85 i
square ) I 100 525 40 190
2
| 24uinch 3/8 105 660 45 230
| octagonal 1 205 1,450 82 490
~—’
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TABLE 6-9
o’ LATERAL PILE CAPACITIES FOR OTHER MAJOR STRUCURES
NORTH OF THE LNG TANKS
[ 1 I
Pile Pile Head Fixed-Head Condition Free-Head Condition i
. Dimension ! Deflection - {
| (inches) Lateral Maximum Induced Lateral Maximum Induced ‘'
Load (kips) | Moment (kip-feet) | Load (kips) | Moment (kip-feet)
14-inch 3/8 30 140 11 45 |
square 1 62 300 23 110
\6inch | V8 38 190 14 60
square f 1 80 450 30 150
i
" 24-inch | 3/8 75 520 28 160
- octagomal 165 1,250 62 390
L
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ad 7.0 DISCUSSION AND RECOMMENDATIONS

7.1 GENERAL

The proposed LNG terminal site is underlain by up to 80 feet of artificial fills and
estuarine deposits consisting of loose to medium dense sands and relatively compressibie
silts and clays. These materials are generally unsuitable for dircct 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 soil mass during earthquake shaking. This provides a significant amount of damping.
which 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
shuking-induced excess pore-pressures; thereby mitigating liquefaction-induced
settlements and lateral spreading. Stone columns are installed by vibroprobes inserted
into the ground, laterally displacing and densifying in-situ materials. The created space is
backfilled with coarse gravel (stones) compacted with the vibroprobe in multiple layers.
Settiements 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 8-foot center-to-center
spacing. giving an area replacement ratio of about 0.17. A detail of the recommended
stone column configuration is presented in Figure 7-1. In general, the stone-column

7-1
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improved area 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 area, respectively.

Stone column installation may generate subsurface lateral movements that potentially
huve 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 instailed
simultaneously on both sides of the deadmen.

The grudation 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 are presented in Figure 7-1.

The results of our settlement analyses indicate that differential settlements for the case of
stone column without preloading are 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 settlements and meet the settlement criteria.
This method of site improvement was effectively used for support of the LNG storage
tunhs in Penuelas, Puerto Rico (Dames & Moore, 1995). By pre-loading first, the
ioose/sofl soils beneath the tanks consolidate under the full weight of the surcharge load.
In contrust, when pre-loading 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
tunk diameter. In order for the subsurface soils to experience the full effect of the
surcharge load, the 25-foot fill height should be left in-place for a period of 3 months.
Bused on our previous surcharging experience at sites within the Port with similar

7-2
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subsurface conditions, namely at Berths T-118 and T-119 at Pier Echo (Dames & Moore,
1993). Pier F (Dumes & 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
10 allow completion of immediate settlements in sands and up to 80 percent of primury
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.

Neur-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) will 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
naintun overall static slope stability. Alternatively, if land-imported fill matenals are
utihized. we recommend a 1 %:1 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 carthquake, the tank mats should be underlain by a minimum 3-foot thick
compacted gravel layer. The gravel layer should consist of Caltrans Class II crushed

miscelluneous base (CMB) materials, compacted to at least 95 percent of the maximum
dry density per ASTM D-1557. The Caltrans Class II gradation criteria are presented in

Tabie 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
13 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
accorduance with the requirements in Section 7.7

g hlipLNG final report.doc
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The major drawback of this option is that the majority of fills in the upper 15 feet of the
tank areus 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 <ontainment.
Such a configuration would also allow the tanks to be base-isolated, if required.

7.5 DRIVEN PILES

As un altemnative 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 are 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 driven to effective refusal with a hammer having a rated energy of
100,000 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
predrilling. However, predrilling should only be performed as directed by the
geotechnical engineer. If utilized, 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
areus. :

74
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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 3-1) appears to extend in an cast-west direction across the northem
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 dnving
indicator 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 soits into
the underlying loose/soft hydraulic fills to avoid pile damage. Prior to commencement of
pile instailation, the proposed pile driving equipment should be evaluated by wave
equanon 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 cniteria 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. Detailed description
and results of the indicator and load-test program should be provided in a separate
Addendum Report upon compietion 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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meusures to supplement the capacity of any production piles that may fail to meet the
specified critena.

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 be 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 undemeath the footings. The depth of improvement below the bottom of
footings is directly related to the size of the footings; 2 feet wide footing shouid be
established on a minimum 5 feet of engineered fill; and 5 feet wide footing should be
estublished on a minimum 10 feet of engineered fill. For intermediate footing widths,
the depth of improvement can be obtained by linear interpolation. Engineered fill should
be pluced in accordance with the requirements of Section 7.7.

7.6.3 Bearing Capacity

All footings should be a minimum of 2 feet wide and established at a minimum depth of
2 teet 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 recommendations. The beanng 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
beuring 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 seismic 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 l-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 und shouid be essentially complete following initial application of the loads.
Estimated settlements versus bearing capacity for various footing widths are presented in
Frgure 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 flwd weighing 350 pounds per cubic foot (pcf) with a maximum allowabie value of
3.500 psf. The above-recommended values include a factor of safety of at least 1.5;
therefore, frictional and passive resistances may be used in combination without

reduction.
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7.6.6 Seismically-Induced Settlements

Shallow foundations constructed in accordance with the recommendation above will
perform satisfuctory under static conditions. However, unless more rigorous soil
improvement measures (i.c. 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
structures. asphalt pavements, and concrete pavements and curbs. Prior to site grading,
any debris. vegetation, and remnants of the demolition work should be removed and
disposed of vutside the construction limits. All active or inactive utilities within the
proposed construction area should be relocated or abandoned. Any pipes to be
abundoned 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-tired 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 disturbed
zone is greater than about 12 inches in depth, geotextiles should be utilized to stabilize
the excavation subgrade.

7.7.2 Temporary Excavations

Temporary excavations will be required for the option of removel and recompaction of
unsuituable soils. All excavations must comply with current California or Federal OSHA

requirements, as applicable. Cuts greater than § 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 1:1, horizontal to vertical, or flatter, up to a maximum depth of 10 feet below
surrounding grade. Excavations greater than 10 feet in depth should be sloped at 1 Ya:1,
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 engineer.

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.
Heavy construction equipment, building materials, excavated soil stockpiles and vehicle
iraffic should not be allowed near the top of the slope within a horizontal distance equal
to the depth 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
projected down from the bottom edge of the footing. Specific recommendations for
underpinning 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-1557 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 onsite and imported fill should be predominately granular in nature,
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
engineer prior to their use in order 1o evaluate their suitability. Generally, euch lift of fill
and backfill should be tested in the field for density/compaction requirements.
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N 7.8 LATERAL EARTH PRESSURES

Subsurface walls should be designed to resist the earth pressure exerted by the retained
compucted. 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 restrained at the top may be taken as equivalent to the pressure exerted by a
fluid weighing 55 pounds per cubic foot (pcf). 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 pcf for level backfill
conditions. Thirty percent of any uniform areal surcharges 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
us un inverted triangular pressure distribution with a maximum pressure at the top equal
to 35H pst 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 ubove-recommended values do not include hydrostatic pressures due to :ateral
seepage 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-earthquake settlements, floor
slabs in buildings founded on existing soils without improvement should be designed as
structurul slabs supported on grade beams and piles. Slabs-on-grade should be supported
on @ 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 be used for this purpose and should be placed between two layers of moist sand,
euch 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 (pci)
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 tlexible 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
tunker-type trucks corresponding to Traffic Index (T1) 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 10 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 ot the maximum dry density per ASTM D-1557 for a minimum of 12 inches. An
b R-Value of 40 was assumed for the compacted subgrade.

Aggregate base should satisfy Caltrans Class II gradation requirements (presented in
Tuble 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
conformunce with gradation and R-Value requirements. All gradation and R-Value
requirements should be confirmed by the geotechnical engineer during construction. All
buse 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 setttement due to the design earthquakes.

7.11 SITE EROSION POTENTIAL

For stormwater runoff purposes, the site can be divided between two general areas: (1)
the LNG storage tanks and tank containment area and (2) the northem 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 grave! 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

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 10 concrete: soils with chloride content over 500 ppm and minimum resistivity
below 1.000 ohm-centimeters (ochm-cm) 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 chiorides can also have an adverse effect on
S reinforced concrete structures if the chloride ions gain access to the underlying steel.
Therefore, in the case of pre-stressed concrete piles, concrete should utitize 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 10 copper and severe for sulfate attack on concrete. The corrosion test results
are summurized 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
cupable 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 aiso 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 based on
some best-estimale assumptions concerning as-built dimensions (e.g. depths of piles and
stee] 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
for the waterfront structures, findings should be reviewed by the LNG-project team with
respect (o potential impact on the stability of the LNG tanks and other major structures.

Should 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 southem site boundary, respectively:

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

e 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.

e 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 (sheetpiles, CDSM, or slurry walls) along the
inside perimeter of the cells.
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TABLE 7-1
hed PROPOSED STONE COLUMN GRADATION DESIGN
Sieve Sizes Gradation Criteria (percent passing by weight)
Alternative 1 Alternative 2 Alternative 3
4-inch - - 100
! 3 Y2-inch - - 90 - 100
i 3-inch 90 - 100 - -
: 2 Ya-inch - - 25-100
2-inch 40 - 90 100 -
! | Y2-inch - - 0-60
I-inch - 2 -
| Ya-inch 0-10 - 0-10
b J Ya-inch 0-5 - 0-5
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TABLE 7-2

CALTRANS CLASS 11 AGGREGATE BASE GRADATION CRITERIA

Sieve Sizes Percentage Passing

t 1 ¥2-inch Maximum %-inch Maximum

2-inch 100 -

1 Ya-inch %0 - 100 -

l-inc - 100
I Y-inch 50-85 90 - 100
II No. 4 25-45 35-60
| No. 30 10 - 25 10 - 30
; No. 200 2-9 2-9
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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

! 16-inch square 30 3

i
| 14-inch square 22 2
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TABLE 7-4

A PAVEMENT DESIGN CRITERIA

‘ Pavement Traffic Index Pavement Thickness (inches)

Description (TH

| Asphalt Concrete Aggregate Base

: Truck Drive Area 8 5 9

| 7 4 8

! 6 3 6

i Car Drive Area 5 3 5

: Car Puark Area 4 2 4
S’
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. TABLE 7-5
~ SUMMARY OF CORROSION TEST RESULTS
|’_ 1
Thermal Electrical Resistlvity Chloride | Sulfate |
'| Sample ID | Soil Type | Resistivity {(ohm-cm) pH Content | Content
i (W/m-°C) As-Received | Minimum (ppm) (ppm)
I H
B-1&B-4at | SM-ML/ 0.94 410 410 7.8 ND 147 |
5 feet ML
B3&B-5at [ ML/SM 1.00 7,200 4,000 7.6 45 1,882
5 feet
B-BatSfeet | SM | 0.63 2.400 1,200 7.7 60 905
|B-2&B-3at | CL/SM | 077 13,000 1,500 7.8 ND 477
10 feet , :
| B4&B-Sat | ML/SM | 08l 5,100 190 | 80 30 423 |
+ 10 feet : |
| B-8at 10 & sM | L6 5,800 1700 | 7.1 110 1,699
-’ 15 feet
| B-1 and B4 TI ML 1.02 140 120 7.8 3.994 1,905
fut 15 feet |
I B3&B-Sat | ML/SM 1.15 540 460 79 55 2436
| 15 feet

Notes: ND = Not Detected



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

) jg & &
Stone Backi _[_

Z PN FR R & PR A o o 3
4 rd - > 4 k-4 hrd -4
» ‘p N
: R L I
- } - Artifical
’ L e “4  Fils
1Y L LY
3 £ . L
- - .
n S ™ 52
T * H hey
L PaX -
\-v’ - L- 4
3 v H
& N by Y
| o o T
- 5
o - B '
n Coy &
N 8. |
/" ., " .| Estuarine
N o a | Deposits
Stone Backl — [ - - o® 25
* - Cop M
& ©M &
L F-9 a ' '
Marine Sands

(o} 10 20
P e T —
SCALE fast

DETAIL OF PROPOSED STONE COLUMN CONFIGURATION

Proposed Liquid Natural Gas Terminal
Pier Echo, Port of Long Beach Figure 7-1




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

Bearing Pressure (psf)
-’ 0 1000 2000 3000 4000 5000 8000

R

Maximum Recommended| |
Allowable Bearing Pressure = 5000 psf—

02¢ L e e

|
|
|
|
|
i
|
'

~

/

h

/
anssssssssalosssadscsnsnnsnsdaannnpessschnsnadasnsansanss e

Estirpated Settlement (inches)

i
I

, l -
I
|

| /
width in {eet

Footing

|
1. Estimated sattiernents given above are for square footings founded in propoerly compacted fill.
2. Alowable bearing pressure appiise to dead plus (ive loads and may be increased by 33 percent
for short term loading due 10 wing or ssismic forces.,

ESTIMATED SETTLEMENTS FOR SPREAD FOUNDATIONS
PROPOSED LNG TERMINAL

PIER ECHO, PORT OF LONG BEACH FIGURE 7-2



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

e 8.0 FUTURE INVESTIGATIONS

Due to the variability of the subsurface soils at the site, particularly within the upper 20 (0
25 feet of the artificial fills, we recommend performing additional field exploration and
geotechnical unalyses during future phases of the project. These include:

1. Performing soil borings 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 resull in more economical foundation designs. As shown in
Figure 2-1, this includes the truck-unloading LNG storage, C;, C;, and water
expansion tanks, demethanizer tower, BOG compressors, vaporizer fluid units,
boosler pump structures, and administration and maintenance buildings.

2. 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

N 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 ard
CPT’s arc consistent with the entire footprint area of the tanks.

3. 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.

4. 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.

5. Venfying the lengths of the concrete piles supporiing 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 pile/sheetpile lengths.

-
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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 sheelpiles and tie-backs, and verifying the location of the
deadmen.

7. Verifying the location of the old rock jetty constructed in the northern portion of
the site in 1925. This could be performed utilizing CPT’s.

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

9. Performing a field verification program upon completing implementation of all
site improvement schemes (pre-loading and stone columns). We recommend thal
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 LNG 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

N’ devclop installation criteria for production piles. Detailed recommendations for
these programs are discussed in Section 7.5.2.
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N 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.
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APPENDIX A
b 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-1 through A-21. Locations of the borings are
shown in Figure 2-1.

-olo-

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

Figure A-1 Log of Previous Dames & Moore (1981) Boring W-1
Figure A-2 Log of Previous Dames & Moore (1981) Boring W-2
Figure A-3 Log of Previous Dames & Moore (1981) Boring L-1
Figure A4 Log of Previous Dames & Moore (1981) Boring L-2
Figure A-5 Log of Previous Dames & Moore (1981) Boring L-3
Figure A-6 Log of Previous Dames & Moore (1981) Boring L4
Figure A-7 Log of Previous Dames & Moore (1993) Boring B-8
Figure A-8 Log of Previous Dames & Moore (1993) Boring B-9
~ Figure A-9 Log of Previous Dames & Moore (1993) Boring B-10
Figure A-10 Log of Previous Diaz Yourman (2000) Boring UB-32
Figure A-11 Log of Previous Diaz Yourman (2000) Boring UB-33
Figure A-12 Log of Previous Diaz Yourman (2000) Boring UB-34
Figure A-13 Log of Previous Diaz Yourman (2000) CPT UC-21
Figure A-14 Log of Previous Diaz Yourman (2000) CPT UC-22
Figure A-15 Log of Previous L.T. Evans (1971) Boring B-1
Figure A-16 Log of Previous L.T. Evans (1971) Boring B-2
Figure A-17 Log of Previous L.T. Evans (1971) Boring B-3
Figure A-18 Log of Previous L.T. Evans (1971) Boring B-4
Figure A-19 Log of Previous L.T. Evans (1971) Boring B-5
Figure A-20 Log of Previous L.T. Evans (1971) Boring B-6
Figure A-21 Log of Previous L.T. Evans (1971) Boring B-6A
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FRANNINTY (NID1h GRS}

BARR ERAT SILTY CLAY {MISUM ITIFV) b

uurn-nmmﬂtnunmmnn [

umvnmtchwnumu b

AEPIWR BRAT STATY FINL A (DENSK)

SAAY RICACEGME SLIGNTLY SILTY FINE LAM {VIDY MIRSL) ‘r

et
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LABORATORY TEST OATA BORING L-3
BT T I ———— . SURFACE ELEVATION: + 22.9 FEET
- [ 144 =»
= g! E = E E‘g I=n !"" g: :
=|=2 |aF2EE 5 Sxg SFSEF 2% 3E|E .
SIES|3 3 |z @REaCERNE |2 |EE
SEE A g 2 3 s BESCRIPTION
¢ B o] & (4. mvOOET ue our wasg
\‘33."7'
TR = [sanmroncasr ntcacton srurv rime sine vite s T w—
’ SLL FRAGNERTY (REBIWM BEWEL)
s ua
L
" Ha L % 137 @ [IN0d R JLIGNT Gt SLIGMY RCAIOn FIse samsy SILT (Naten
STU7 Ave 0L
' '
i ]
SA,E e | @ o 8 I
e g v
- FEDTIR ST WICACIOOE SILTY FING SMMS (MOBECN SENSK)

Gl |UMAY SLLTY CLAT (380

b} |
uil - - BAAK GRAY SIATY SAMD WITH SHELL FRAGECETS (NERCOR BONM)

FY -S| GRAY NTCACEOIS SLIGNTLY SILTY FINE SARG WITN OCCASSIOMR
n LRSI OF MEDIUN 3000 (MERTWE DENAE)

15
"B
" E ’
ra
e
W |oae T cLany siiT (v sTie) lr
(1] Ld Lo
u.e o 42004 B 17 | 3 8 PE TS |ous s T KA OMARIC SILTY CLAY (Wade)
”I’
"I‘
] 5
T a0 or | w |u w2
/7,
5 '
7
] 7
[ a0 CEN w BEy
75 SAWELLY UTER AT B7 MUIT
'’
':,:
o 7
[,
LR » 1008 no w4z r
[ ™ [T I samer SILT (STIF To mmroe eemc) iy

" SRABLS T STIPY CLAYET SILT

na " “ = SN | GRAY mICACTONE SILTY FINE 3AMD wiTy SAfLL MRAGNNTS (el

4

M| MDY GRAT AICACEIMES SILT WITH M0 MATIRES {VCRY STIIVY
l
ut |

“ L 5
LOG OF BORINGS

PIER E TANKER TERMINAL sasms & moons
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LABORATORY TEST DATA

BORING L-3

- ““.I'TIS“ STHMI ST ATk |
€2 5 | 28 x|z
Sw s - =l 2 - =
== R BTl en R -‘i =
w3 (22538 8 SR RRSIRES SR
E2137E% ¢ :-5’:—:‘5*3 £ IEE
= |2 s =E~ 3 s = = SYmBOLS
n h
wilm | v 8
]
™ una
' ns | na
B[ ([ ®
.t ’ “e
B/ 0 | N
15.? | 1w
B/ | Jooe o) na 18
fis] | e | 158
1
lr
; !
i : i
| L]
| I H.0 108
! !
Pl |

LOG OF BORINGS

PIER E TANKER TERMINAL

T | GRav ICACTINS SILTY FING A (i)

DESCRIPTION

GRAMY SILTIER
AN B TLTY

SEDION SAAT SLISNTLY WICACESNE JILTY FISC SAmp TO FIat
SANOY SILT (DDNEE - vENY TVIPF)

AT AR WILTE RICACTONS FINE T AEBIWN SADD uITh TSTEMOENE
OF LiLTY CLAY (ofmd)

LIGT ST AICAION PINl $AS9 (WRY DENSK)

GAATEL LATEM AT 118 PERT °

SAASTE WiTw MEBJUR T8 (OARSE LMNS, ARD MAAPIL

GCLASSTONAL SILTY LOWSES s

SA-4RMTL RITTEM (vERT SOWL)

SLULSA-GIMT RICACHNS SILTY FIRE SANS (VENY BCANC)

BORING COWMITER R S/WH
WATIR LEVIL AT A ODPTH OF 19° A W/W/TR

CP04-58-000

WAy SICACIRE SILTY FIME Samd (PONRE) 1
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LABORATORY TEST DATA BORING L-4
n‘r'(.ll%t‘n STAENSTE TEST BaTA SURFACE ELEVATION: -23.2 FEET

ELSEWRERE

2]}

TESTS REPORTED
LAmis LT
I
PlATHiE
ez
i3)
TIRE OF 18T
RN
0 conpmus
poessung (est
SHELD STREWGT
(PsF)
GO
RUISTONE CORTENT
1%k
DAY BENSITY
L)
nows/IT,
SINMLS

STMMLS BESCRIPTHIN

&G, WVINENT AmD EmAvE, DAL

BOORI18-LRAT RICACEONE SILTY FIMD SAMD WITW SWFLL -
FANNTS (MORM DURE)

o DEPID IN FEET

1"

| ns | = unm
L} ]

LIGIT GLAT RICACEONE STLTY FINE tamb {L003K)

20
(snwre [
'&mn REDIUM DEASY

RA
H | . -'|"

1 nou

BALE SAAY FISE SAMNT SILT WITH A TRACE OF CLAY (WG ™%
34,7 '

"

DAM SAEM T SUACE OBCARIC SILTY CLiT (mAM)
19

AR ¥TTH TATIRMOMTS tAmT LONE

" i GRAT CLAFEY SELT (STIFF TO mimy STINF)

1, S8 | ARIEM GAAY RICACIIRD SILTY FINE TAnB {OCRIE)

13

S

LOG OF BORINGS

—_

t ATE X
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T (N (R

BORING L- 4

DESCRIPTION

GRAY MICACTOME FINE 1008 {YERY BOESL) " y

AT VITY RV S “

___LABORATORY TEST DATA
= A | sTowem resy un s

E|ZEls E_[& [2F% . 35

s|z3|s¥Eie = EigtEaE T T S,

=|S% |8 =OR e s s |8

:~"—' S = =-.-.-§’ £ .-.-ésmuls
na

n

"

»

™

w

"

LOG OF BORINGS

PIER E TANKER TERMINAL

IORINE COWALTED O $/10/78
WD LIVEL AT & OOFTW OF 11 FEET OO 8720479
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: LABORATORY TEST DATA BORING B-
ATTERBEAQ| STRENGTH TEET
1 |3 58, [ 8
. “ ﬁ g COORDINATES:
E z| X A &2 R g Northing fleet): 4024521
”
\-ﬁi ’ § n g § Fed Essting fleet): 4221000
. E 2 Surface Elevation (ft. MLLW): 18
| : :
' w o DESCRPTION
3-inoh thick oonoreie
xg
l R “e )
t26)
l e 10 a2k
118 16 * P4 GW| Gray sty sandy GRAVEL (genes)
' 4 2 =50 2P ol 15 through 18 jeet from
(14) :- Grades with mors sand (medium denss)
l 4 25 a. b |
_J
44 % = = ML| Gray fine sandy SILT jmadium denes)
| =
19 "
. Grades dark pray with some clay (ooes)
24 &0 -
N [SM| Gray fine SAND with trace st fmadium denee
I 2 45 ; Gn.y’m) .
el GM| Gray sty sandy GAVEL [denes)
nﬂ
' “ 5 “-?_ 8P Gray 1o dark gray fine SAND with sit (dense)
i1 5M| 0 dark fine SAND
| % 5 i [ Gray *mmy aﬂ:ﬂ)wﬂ:md
]
4 Grades {very denss)
l “ & 67 ™ KT M| Gray SiLT with ¥ace cley (very s&ff 10 hard)
l 44 70 M Grades with traoe sand
l 50 78 "
44 80
I LOG OF BORING
PROPOSED SCRAP METAL HANDLING FACILITY
N BERTHS T-118 AND T-119
~ For Port of Long Beach P Moore
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-~ LABORATORY TEST DATA
I a ATTERBERG BTENG‘I'_r:l TEST BORING B- 8 - Continued
E = 8 3 £ &8, g Northing (leed): 4024821
\.‘ . 8 " § 5 | HE Eseting fleet): 4221009
E]EE"E 3 E g E. E Surface Elevation (. MLLW): 16
i £ x e
o 0= 4 Gray fine BAND with sikt denes)
l 0 86 nof Grades (very dense)
I <74 90 /'3- Grades Nght oray with some medium sand
79 95 o™ :
I ” mw1gmuuMN
54 100 e
] | ew
' 94 310
l' £8 118
404120k“
' <100 125
' 134 130
l 118 138
124 140
..
l -134 1850
[}
l 130 158
-144 180
| LOG OF BORING
PROPOSED SCRAP METAL HANDLING FACILITY
. BERTHS T-118 AND T-119
F Damas & Moore
~ or Port of Long Beach FIGURE A-9 contd.
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LABORATORY TEST DATA
ATTERBERG| STRENGTH TEBT
| LMITS | A 2

wg BORING B-8

]
, E E E gﬁ E COORDINATES:
8 En ®15, |83 Northing (eet): 4024804
E. A R n E § g g Easting (leet): 4221380
W, Surface Elevation (it. MLLW): 20
£ s|g (& |2
0 o SYMBOL DESCRIPTION
® ] 3-inoh thiok CONONeS pavement

1 fmedium denee)

B 5 1;

10 10 a il Grades with some shelis and more silt
b (dense)

E 15 1

-1 20 5@ ‘

£ 25 E] Gray sandy siity GRAVEL (dense)
ermu)mmwmmm

-1 % 202 |
14

18 35 1

2 40 s =[] Grades with more siit fooes)

SM] Gray 10 blulsh-gray shty sand and clayey Wne

L3
%0 .o :‘; & sandy BLT (ooss}
3¢ &8 ;: [Encountered a 1-4o0t thick layer of dense
; sandy slity pravel]
B Grades dark gray with occasional claywy slit
41 00 2" : {madium dense)
48 &3 *
4 Gradiss with zones of claysy silt 10 sity cley
' g
4 7 9 @ BT Gray BAT with some ciay (very et4 %o hard)
5 78
{1] SM| Gray siity fine GAND {very denes)
41 0 i
LOG OF BORING
PROPOSED SCRAP METAL HANDLING FACILITY
BERTHS T-118 AND T-119
For Port of Long Beach Dames & Moore

FIGURE A-10
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-~ __LA_BO_HATORY TEST DATA BO G
| 3 E ATTERBERQ| BTRENGTHTEST RING B- 9 - Continued |
. E COORDINATES: '
E E g 3 £ ~ | B3 Northing (feet): 4024004
'i ¢ B A " § g|uS| k8 Eaetng fost); 4221360 ,
£ © E B (& Surface Elevation (f. MLLW): 20
l 5 g E ® 1 E2
. e | o — DESCRFTION
l o s
71 00 0
I Ught gray 10 oray fine SAND (very Genee)
75 95
41100 i':;n ' Boring compieted 10 8 Gepth of 100 eet.
I -86 106
l f1110
.| 56 118
S’ -101 120
II =108 125
' 111130
. 118 138
-121 140
ll 128 145
I -131 180
l 136 155
-141 180
i LOG OF BORING
PROPOSED SCRAP METAL HANDLING FACILITY
BERTHS T-118 AND T-118
Dames & Moore
For Port of Long Beach FIGURE A-10 contd.

-
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3 f&%%m ‘T'm;“f?g“m; BORING B-10

B E 2| B - gﬁ E E" COORDINATES:

L [k §§M,§mm::::;

E EE E SE E % | EE' & ;:“E'M“MGLMLLM: 17

Py
»N
L]
B

Gray 10 dark gray fine SAND with siit and fine
5P shell frmgments imediur denee)

{t1)

e LR A e S N B ARy
e e i TR A

|
1
|
|
|
|
|
!
L
I
}
I
!
I
|

]
i
!
i
|
H
2 © |
|
1
i ity fine BAND 1o fine sandy SILT
28 48 T R -E.mllﬂ denas) ® 8‘-
33 &0 :‘
i
X wel
43 o ]
=0 2
2 mmpl::cia;_mdwbum
. Boring bacifilied upon completion,
43 70
ST
£ 0
LOG OF BORING
PROPOSED SCRAP METAL HANDLING FACILITY
BERTHS T-118 AND T-119
For Port of Long Beach PBURE aors

e’
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-~ 8
I % |eoriNG LOCATION tteet): N 23887 E 20103 ELEVATION AND DATUM (fest): 16 MLLW
¢ |omiuing eQuiPMENT:  CME-85 DRRLLING METHOD:  Rotary wash
Vl ? BORING DIAMETER (inches): 4 BORING DEPTH (feet): 101
[-]
! DATE STARTED: 6/26/00 DATE COMPLETED:  6/26/00
l "~ |SPTHAMMER DROP:30Inches WT: 140 1bs DRIVE HAMMER DROP: 30 inches WT: 140 Ibe
LOGGED BY: NS CHECKED BY: SW DRIVE BAMPLER DIAMETER (inches) o :"
3 4 A Y i $
' g_ ,‘g g ig zi £é DESCRIPTION g ig Z gl'- Eé =
HEEEHR I S EHESHHH LD
" ~ASphait - 4 Inches
s P SILTY GRAVEL with SAND (GM); gray, ye#owish brown,
l M1 I cry, medium denes.fne 0 coares gravel, ine-grained 103
j t 6 S SAND (5M); yebowish brown, gy, medium Genes,
l " ;}L: 2 2 molst, very looss o
1 111 2 o7 | 1|~ NP a0 sa
10- aas
1 |1
- _-‘L':
' 1 ::;'.ﬂ : ) brown, gray, fine- to medium-grained sand | 01
4+ 1 ‘-t:- K 2
5 -'4}.-1-1
g’ :.<,
nA
I :'JP'I‘-'
L 2 | 13 brown, medium denss, fine-grained sand, incraased fine )
11 Fid 7 content
| 1y P “ 19 F 103 22
.‘..1“J
I :'1['-2':] 7 | 18 dark gray, trace sasshells o}
1 I
' - 1]
5J#
] 4
I T I 7 b n vary dark gray )
1 ;",-]ﬂ 9 ol 2| NN 22|saA
'10‘ -: ‘. _-1
| - :'l.]».w
l 1 f” 2 | 9 100se, decreased ssashells 0]
] LOG OF BORING UB-32 PLATE
Page 1 of 3
e Pier T Backland Structures A7

I Project No. 173-05.3
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6 Inches
Blows per Fool
Une.
Comp, Str. (isf)

{pcf}

SPTN

DESCRIPTION g 5
&

Eisvation
{Tost)
Depth
(leat)
Blows par
Contant (%)
Uiquid

Limi (%)
Plasticity
Index (%
Percent
Othar Tests
(PiD]

Yenglots: DYLOY; P 1D: 1TIOEGF)
L
[+ ]
1
1
[T 1

14 7 | 18 medium dense 0]
4 13
24 80 | 80
5 10 looss to medium denes, fine- to medium-grained sand, no
5 seashells a
5

™ SILT with SAND (ML): very Gark gray, we,
nonplastic, fine-grained sand very soft,

2 1 | 04
1 [0
a0 2 a8 | 37 [ NP | NP | 83 | SA
13 | 28 dark gray, hamnd . (]
15
1

[SILT(ML); derk gray, wet, hard, nonpiasiic

N G

8 18 | 0.7 (o
1%
-40-~!|'1° g2 | 31 [ NP NP | B9 | SA
1 10 SANDY SILT (WL); Gark gray, wat, herd, low plasucily
4 || l l'lm-grljnodun)d ormy. k. '
J - I
a2 28
4 .o_x '|| | 13 ol
45 i il 15
1 il
d '{ll —_—
T SILTY SAND (SM): dark gray, wei, medium dense,
S0 42 | 22 fins-grained sand
gt o
50 '1‘21 21 28 7
: k1]
ELASTIC SILT (MH); gray, wei, vary sch 10 soft, mechum
0 2 plasticity ’
9
LOG OF BORING UB-32 PLATE
~ Page 2 of 3
Pier T Backland Structures A8
l Project No. 173-05.3
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1 o 3 i
E & gl .~
I‘i Eﬁg"} E li LA 85 DESCRIPTION E gg z %‘E Eé »?_
Rt EHE SHEIEEHHIES
lE 0 50 | 54 | 23 | 95 | GA |
F T
10 | 11 f
10 m [0
I 1"
DY SILT {ML}; dark gray, wei, vary hard, nonplastc,
13 1 fine~grained sand
{0}
17 '
' 24
ELASTIC SILT with SAND (MH); olive gray, wet, firm,
| 10 1 medium plasticity, fins- 1o medium-grained sand
12
18 22 83 1 38 [0}
I T SANDY SILY (ML) dark gray,
il very dark gray, wel, hard, low plasticity,
l ; 21 rained sand (0]
14
e
D SAND with SILT (SP-SM); gray,
I dnm.modwtomgrwndim grey. wet,
38 | 4 | 0
A4
I 0 SILTY SAND (SM); very dark gray, wel, Gense, fine- 10 108 | 20 14 | SA
medium-grained sand
l ;; 4 dark gray, fine- 10 coarse-grained sand (0]
I a3 Botom of borng a1 1005 Teet.
Groundwater sncountered at 15.5 feet during drifling.
W b Boring beckiied with cemant/bantonita grout.
h ha
|
'W" -
I |
. LOG OF BORING UB-32 PLATE
~ Page 30f 3
Piet T Backland Structures
I Project No. 173-05.3
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P

Tempiatn; OYLOY; P 1D; 1705.0P)

BORING LOCATION (feet): N 24440 E 20193 ELEVATION AND DATUM {toet): 18 MLLW
DRILLING EQUIPMENT: CME-85 DAILLING METHOD: Rotary wash
BORING DIAMETER (Inches): 4 BORING DEPTH (feet): 82
DATE STARTED:; 7/24/00 DATE COMPLETED: T24/00
SPTHAMMER DROP:0inches WT: 140bs DRIVE HAMMER DROP: 30 inches WT: 140 lbs
LOGGED BY: NS CHECKED BY: SW DRIVE SAMPLER DIAMETER (Inches) 'g;_ %‘
] ¥ d& 1 I ?5
gf §?§ a ig 25 gg DESCRIPTION £|§E §
2|82 |d & © 5 i & 3 g § g gg
] ASPHALT - 14 inches
1 18 DEBRIS; yelow painted wood - 10 Inches
] TT . . [ SILTY SAND (SM); kgit gray, molst, I00s%, madiam: 8
5 X : coarss-grained sand, trace fing gravel - SUBBASE (@
8 SANDY SILT (ML); dark brown, moiat, firm, low plasticity,
1 i m Sand, miCaceous
I " RATT] 2] LTY SAND (3M); gray, moisi, very loose :
: fing-preined un’d.gmkyacm ey 1o locse 1o
T
T
10+ o
SILT with SAND (ML); dark olive gray, moist, very soft o
] 1 2 05 soft, low plasticity, fins-grained sand, micaceous
: 84 | 33 (o)
i 2
o
18 JH
M s | 12 SILTY SAND (SMJ; very dark gray, molst, medium dense
. 1| b . ; fine-grainad MMM ' ol
1 - -:.1-'-:1.
1 20— Zi{i wel
bl 14 ) e dark gray, decreased fines {0]
Fif e
4 j.f 1 |18
5 T SANDY SILT (ML), very dark gray, wet, firm, low plasticiy,
1 1 [ * fine-grained sand, micaceous
] . 'I,' 1 1 a
). { EN 75 | 140
753 I thin LEAN CLAY (CL) laysr; gray, wet, soht, medium /‘
R SILTY SAND (SM); vary dark gray, wet, iocte, fine-grained
.10+ b & A sand, trace uuhtlo'y orwscm:dor "

LOG OF BORING UB-33
Page 1 0of 3

Pier T Backland Structures

Projact No, 173-05.3

PLA

A10
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E & g E .. 5
I,- gﬁgagi gi . &[5 DESCRIPTION B2 5% ég
edi R SRR
I g ) TT] 8 | ¢ inarbedded with SANDY SILT (ML), very dark gray, firm, 9 | 2 78 | 0]
_! ] L r,_- .0' low plasiticity, no organic odos
r 1 :‘:':—':
l -18 -'.Fi';
] DY ELASTIC SIL ; dark Olive gray, wet, very soft,
] o 1 medium plasticity, fine-grained sand, micacsous (0l
0
| :
201
| ] [ ELAETIC SILT (MH); gray, wet, vary 30R 10 50K, maGiom
] :aoa”'"w”'m 7|47 60|28 |98 ] [0
SANDY SILT (MLY; dark , firm, low plasticity, A
I - 12 ﬂnrmind(ur{drt.gu u;.srh”m“n:’cm B8 2
od
| «
8 | 20 hard,
J | s no ssashells (1)}
I i 12
o]
i ] % 132 14 firm ’ 87 | 38 58 | 10
S 1 16 sA
' bt : 12 dark ofive gray, Increased fines content : 0]
i 7 7
I |-
' J.Mj g: ﬁmrgmhmJlﬂl;:a;cﬂugrw et medum dense, “
wl f}j‘j
l 1 * ‘i;"s:_f;; 9 | 29 dark olive gray, trace seashells )
AR I
l Imdi R
w] |
I LETNGLAYMSANDTCL):MW.M.MIOM
LOG OF BORING UB-33 PLATE
Page 2 of 3
A g
Pier T Backland Structures A1 1
l Project No. 173-05.3
%Q‘Lq
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h -
|
i
T
| ]
g

Towplals: DYLOT; P D: 17300.0P)

HIE i
L 8.2 . §
- frd °
g‘i §f ] g;; 54 DESCRIPTION 2|5E ;i»-
HEHUHEEHB SIEHER MR
] : 4 medium plasticity, fine-Qrained sand, tracs ssashells (1) R 38| 14 74 [_
2 : SA
76 : 21 hard, no ssashells [0
) A'S X A SILTY SAND (5M); cark gray, wat, medium densa,
1 (4.1 fine-grained sand
-80- y %} ;
' V
P :-.' N 10 25 1“ a 89
;: \MMM&LT(ML}WEWW.MMW ¢',°é
4 Bottom of boring af B1.5 Teet,
i Groundwater sncountsrsd t 19.5 fest during driliing.
85 ] Boring backfilled with cement/bantonits grois.
”»—
-m- T
90—
a4 ]
1
96—
ol -
|
| 100
-l
108~
DO T
L -
OG OF BORING UB-33 PLATE

Page 3 of 3
Pier T Backland Structures
Project No. 173-05.3
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N
i

"

-’

Yermpiaty: OYLOY;, M 1D 17200.0F)

BORING LOCATION (feet): N 24629 E 20160 ELEVATION AND DATUM (feet): 15 MLLW
DRILLING EQUIPMENT: CME-85 DRILLING METHOD:  Rotary wash

BORING DIAMETER (inches): 4 BORING DEPTH (feet): 126

DATE STARTED: 71200 DATE COMPLETED:  7/13/00

SPT HAMMER DROP: 30inches WT: 140 ibs DRIVE HAMMER DROP: 30inches WT: 140 ibs
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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 performed 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 % feet to 161 %
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 boring 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 used a rotating drill bit with
continuous circulation of drilling mud. The drilling mud served multiple purposes during
drilling, including circulating cuttings as the bit penetrates the formation, cooling and
cleaning the drill bit, 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 scparated 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 ¥4 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-
I (located within the center of the south LNG 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-1, or extended further than the tank footprint, Boring B-9 was drilled
to a depth of 156 feet below existing ground surface.

B-1
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Upon completion of drilling and sampling, the boreholes were backfilled by mixing the
drilling mud with ccment. 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 disposal. '

B.3 SAMPLING

Relatively undisturbed soil samples were obtained during drilling operations using
Dames & Moore Type-U (Figure B-1) and Shelby tube samplers. The Type-U sampler
was driven by & 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 System.
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-11.

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

add sealed and packaged to reduce moisture loss and disturbance, and were transported to our
laboratory in Los Angeles for additional examination and testing.

-00o-

The following are attached and complete this appendix:

Figure B-1 Type-U Soil Sampler
Figure B-2 Log of Boring B-1
Figure B-3 Log of Boring B-2
Figure B-4 Log of Boring B-3
Figure B-5 Log of Boring B-4
Figure B-6 Log of Boring B-5
Figure B-7 Log of Boring B-6
Figure B-8 Log of Boring B-7
Figure B-9 Log of Boring B-8
Figure B-10 Log of Boring B-9
Figure B-11 Unified Soil Classification System and Key to Log of
Borings
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-’ #ua locaion with tme pressnied sre & erpifcation of aciusl Pler Echo, Port of Long Beach
condeons snoouriersd. FOR: Kellogg Brown and Root
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Pler Echo, Port of Long Beach Boring B-2
FOR: Kallogg Brown and Root Sheet2 of 4
L _— c SAMPLES _
S — *
€ ] g g & OTHER TESTS
§ : é 5 ﬁ : MATERIAL DESCRIPTION gg E and REMARKS
HEHHE z
8 : : ! | 32
20 1 BT
) At !
I | s 3 i 7 34 | 88 josco
E
u 10 i 7 34 -200(38)
-3 ;,; 1
1S,
o ]
i }" T 5 Kol B T a2 52
A [ 4'" 4
a st gray m 0 medtum SAND, wet with 8-inch thick
g L2808 | slity clay isyer (madium danaa) _
2| 2 43 Grades #ine to medium with 8-inoh thick | 34 .200(45)
B 1 : B slky ciay layer
B[« P
e a y? 4
< Eé‘.\ | -:
é I 1] 11 Hits Grades fine 28 | 97 |-2000Y
3 ;g ?3. 08CD
i
8 3
E 7 ﬂ L 243 ™ Grades with trace shell fragments (very loose) 72 -200(46)
7 1| -s0 1 :* ) P
E =4I WML T Derk pray clayey SILT, wet, with trace fine sand (stif) ]
o | 7 I w| 3 - 1 27 | 95 |LL=83, Pred
E 7 [ CON
7 PPa325
| ; 3 | MWMSAND,N(WW) ]
U R [ i
3 u 7| 10 43 2 -200(19)
1. % B |
| B
y ““’{I wl oz EEH T 1 26 | 8 [oeco
w0 RS 1
]
g
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Pler Echo, Port of Long Baach Boring B-2
FOR: Kellogg Brown and Root Sheet 3 of 4

(

g ¥ OTHER TESTS
MATERIAL DESCRIPTION ég and REMARKS
b

Elevation (ft)

s Depth (ft)
Type
Number
Blows
6 inches
uscs

PR
a0

2 - -

Grades dark gray to biack, micacsous (medium dense) ] 41 | 83 |-20033)

K
[
-]

A e A A

gray fine to madium SAND with sit, wet (very densa)

1047 2| 2
32

R

P, R, R el Rl e e, el
(T S o Al s e

”°J| n| 2 B3 " Grades medium ko coarse T 23 | 105|osco

AR B

1154

Gradas with some gravel ﬂ%d&mm"m

120@ 2

§

Bl S S AR Eal B AR B R M R L L B L EE L B AR LR L R A L R L A
R A S R L A e B A A R R A R T R R R S R R A4

Gradas without gravel 19 -200(9)

-100

21 1104

-110

Raport DMG4;  Project Fiie: CAVESNAWROUE CTSWIERT-1WPER-T GRS, Duta Tersplete DMLAGDT  Printad: 1803
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Boring B-2
Sheet4 of 4
b —_
c = |
g € g 5 % 8 OTHER TESTS
g g % 8 MATERIAL DESCRIPTION gg g and REMARKS
I 8 |§: §ﬂb = ] E;
1404 v
2 40 [C4) Grades , fine to medium 22
120 e t
b i
23
Iy r 1
1461 2 ~ Grades with some gravel ]
1 ks Rig chattar from 148 to
2 150 fost
[ 38 |
) a2
k31
b K . B T8 | 113
a0 & 4
r P':; » b
r E’E 4
155 ?‘4 i .
B
§ ] At B4 | ighi gray, sy fine o cosres SAND with graval, wet (very dense) |
g 1001@ 27| sos R, [ Grades with 1.5 chameter gravel (grankic dasts) e SA(S4)
. Boring compieted to 161 fest below the ground surfsce.
“—’ 8 || -140 Groundwater sncountered at 19.5 feet below the ground surtace.
Baring backdlied with sand-cament grout mixed with dril mud, and
{ 1 patched with concrate to match the existing surface. 1
165 - -
3
& ! 1
8
" 1704 - J
x E 3
?_ -150 I
-4 4 3 P
é 1 . .
§ 1754 - -
¢ 4 ]
: 1804 L .
} qeo | .
1 - - -
i |
1 4
~ 190
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Dotald)  grgr logaed ¢
D §/26/2003 By T.0Brian Borina B-3
Orising OB 4.34 Inch dismetar/Tricone oring b-
Methog  WudRotary oo P T 08 Sheet 1 of 3
‘ Harmme N 5
DS Mayhew 1000 Do e arop (Toe U]
Sa
et m';fo:(‘g) Dames & Moors Type-U, SPT, Shelby Tube
Approximats Groundwate
M.M';““-mm; 20.5 fast on 8/28/03
€
§ € g g g E OTHER TESTS |
é § g g § 2 MATERIAL DESCRIPTION §§ g and REMARKS
é% gqa > E;
° %y B-inch thick Asphall Concrata psvement underiain Dy 10 nciws of |
20 | EREALFLE,
] | 0 Y. molst, with fine sand (soft)
5‘“ 1 g ZA1TNL T Ciivagray Gayey SILT, moist, with some sand (medium sty | 37 CORR
s |
J A7 59 | Ofvegray sily fine SAND, very molet (looes) ]
a5 |
2 ‘°‘1I 2| 3 : I 7 14| 92 {corm
alio ? | S
g | Olive-gray clayey SILT, wet, with fine sand (very soft)
4 1
- 15‘ - 1 ’
B 7 I R Bl B =~
et 3 ] /4 CL | Dark olive gray sifty CLAY, wat, with fine sand (very sof) ] CORR
§ ) / T Gray sity fne to megium SAND, wet, with abundant she'l fragments |
w | 200m 4| 15 (32 R (denee) T 23| 100
g | 2 i; j & 1 ]
i 1O 1 28 X e ’ 1
E 25“u s| 10 HiF [ Grades (medium denae) T 30 -200(18)
= 1 12 P 1
g } 13 !Z‘ )
o ;? :
g - 3°‘| o| 4 Grades (looss) T34 s
¥ |-10 s B ' 1
9 4 i 3 4
! : '
} ss-iu s Grades (medium dense) 138
i ‘ o s
g : 40 8t
LOG OF BORING
Proposed LNG Impart Terminal
. ’ Pler Echo, Port of Long Beach
hd ‘ FOR: Kefiogg Brown and Root
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Pler Echo, Port of Long Beach

FOR: Kellogg Brown and Root

S’ 3
£ 5 2 OTHER TESTS
. g gg é @ MATERIAL DESCRIPTION ig g and REMARKS
Z| 3o 3 &
”ﬁ O 13 41 Gray sty ine 1o medium SAND, wet, with abundant shall ragmenta | 29 | 94
10 {1 E [ (madium denee) 1
.20 4 10 -).:- b
4s-u 0| 3 RRe - . -200(26)
7 B4y .
] SE:
5°‘I ol 2 ; Grades (very loose) J 34 80
.30 1 3 §;' !
A ET T :
4 ﬁm,!ﬁgae.mhmhammmm(mnmj h
i 55““ 1n| 1 i 4 -200099)
1 } [ LL=ds, Pl
g m 12
g w?l bl i 7 41 | 80 |PPets
§ -0 ) 8 rmmamgnynud:(-m J
e 8C | Durk gray caysy fine SAND, wet, with some fine gravel, (medium | Rig chatter trom 62.5 %0
| denes) | &3 fost
IIEH R fa| oo
- J “ | ;
i ] L Grades with sbundant shell fragmaents |
oy b o e o e et —— e ]
g . ML | Dark gray ciayey SILT, wet (medium sti) ]
o °'I sl 3 33 | 91 |con
g 1 [ 1 LL=35, P10
N (e ; s ] PPe2.78
L ‘m 10 Grades with sit and trace fine sand
g 75_' CL | Dark gray sity CLAY, wat (very stifi 1
E {ﬂ "8 7 28 LL=30, P8
9
3 I .
¢ ] Rk | m.m(mm densa)
] F | .
3 w'll 8| 1 B 30 | 94 '
12 [ 4
§ -80 4 18 R I 1
'S' 1 e [
1 85+ B R23
g H 0 ;; 8 Grades micacecus, with a 2-nch long root (densa) T 2
9} 4
0 fy
o0 Bk
-
Figure B4
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Pler Echo, Port of Long Baach
FOR: Kellogg Brown and Root
b d 3 —_
§ E g § ? g OTHER TESTS
c§ §§g ;§ § g MATERIAL DESCRIPTION gg g and REMARKS
[ oo - 2 E;
Do‘lzu 14 185 Grades dark gray 27 | o8
TREE
-70 4 35 -‘::- 9
”‘u 2| 25 RSV EM : 21 -200(14)
1 2: §\ '%D.ml,nﬂu«omﬂwﬂm} 1
100—' 21 B A L Jz|ror)
503" it ’ 1
80 I Boring compistad to 101.6 faset below the ground surface. 1
} L Groundwater sncounisred at 20.5 fest below the ground surface. 4
| Boring backfiied with sand-cement grout mixed with drill mud, and
10511 patched with concrete to match the existing surface. ]
E 1 1
3 1 [ l
2 1104 o -1
—_ .90 |
- g )
% 1154 - i
g 4
= 1204
g -
- =100 ‘]
g
El 125+
3
n
- )
[&]
! 130+
? -1
g .
140
S’
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T.0Brisn
prvan — Boring B-4
< Sheet 1 of 3
Hemmer 144 I/30°drop (SPT); 408
Mayhew 1000 Data /8" drop v)
Dames & Moore Type-U, 8PT, Sheiby Tube oD o 33750088
Do ane Dace Mheasored 20.4 feet on 0/28/03 Dvkied g 101.0
€ -~
P
€ ¥ § & OTHER TESTS
g . g gg § g MATERIAL DESCRIPTION ig E and REMARKS
= -} = |S
° MIT WL \Z-5h TNk ASCRaR Corcrets pevarent Underiun by 4 Pohes of 7
© | B ot Secosandy SILT, moiet oose) .
i 1
l 1] 2 i 7 23 | 85 |corn 1
3 -
! 4 )
g ‘°‘u 2| 2 Grades ove-brown 7 at CORR
a 10 3 1
2 | 1
5 15" 3| Pumn '_ Grades dark gray to gray, wet, with more siit {very looss) 38| 8e &2&(:5)
_f-:':_si T Gray, sy #ne SAND, wet (medium dense) |
i E E
b,
X g | Grades wat
oy o) '
E’ A
i i
g 25:. s| 8 Grades with abundant shell fragments ] 24 { 102|osco
E ) 12 1
= ' h
- ) 4R )
I
g ”ﬂ of 3 15 r Grades with fewer shefl fragments 13 -200(18)
e .10 L ' ]
it {
- 25 ;. | i
I
? 1@ ! ; H: - |7 »
. 9 P 4
3 i .
s i
| " '
o Frposd LG opot Tl
m-nu...m-u.32322231;.and22:&.-' Pilet Echo, Port of Long Beach
e FOR: Kellogg Brown and Root
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Boring B-4
OR. Kcllogg Brown and Root Sheet 2 of 3
g’ g —
€ g £ OTHER TESTS
£e E gg § ; MATERIAL DESCRIPTION gi g and REMARKS
w 8 = Z © S 58
et | B T Gray, sity e o Coarse SAND, wet (medium Gense) 128 1|l
1 &
E 15 -4 $ 4 L
] 3 . .
4 g‘\
W ool ¢ B Grades (looss to medium danee) T30 04
i B .
| s !
.“ -
50'“ wo| 17 [ | __Grades with some cley and trace gravel (denee) 29 8A{41)
g ? GP Roddm-btmmtoeomGRAVEL,nl(vu!‘ ). with fine to |
-0 1 sand and volmnic grave! sized clasts >1
' | Bark gray | wel, with trace rcotiets and amall intact shells
| (hard) 4
5-"‘{. nl s 26 | o3 |pPe2s
1" b
g 4 23 Gray silty #ine to medium SAND, wet (medium dense) 4
3 NE:
2 il |
- ”ﬂ 12 [} g::-. Grades (denss) - L
1 17 B2 d
'8' .40 19 Hoek —
- ; t Dark gray silly CLAY, mtmﬂmw\dlndmd\eﬂhm
g L (very otiff) 4
i °5'I nl 1 i dT 27 | 97 |-200mm
g 4 18 L
|
- s 1
5 ! )
g 7°‘1 ul 8 Grades with trace sand 38 -200093)
o I Rl 8 r oray SAND, wet (medium dense) ]
9} P
g . B .
e
Sm os| e B - 28 | 104
It 12 st i 1
{ 18 ?3- s
% 1 N :
‘ qd |
F ”‘q w| o B i 2 ~200(33)
} ;; ‘*;3' [ Grades with 3 to 4-inch thick sfity clay seams (very dense)
60 1 B i
3 £ 4
Y ]
g “"l noz " Grades gray 125|100
a5 it
- 242
80 A B
e’
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Pler Echo, Port of Long Beach Boring B-4
FOR: Kellogg Brown and Root Sheetd of3
e — SAMPLES
€ ;; fg
€ { g b OTHER TESTS
§ g 5 § : MATERIAL DESCRIPTION gg E and REMARKS
0§ §c 2 Z 8
T | R e e e ?
‘ s HAE gy s wet (very )
.70 ot
i 1
°*"‘I wi 18 RIS " Grades (dansa) 1 23 | 103|osco
25 RS q
< 2' ;:.‘ b 91
. 3k 1
g Grades denss
Boring completed to 101, feet below the pround surface.
-30 ] [ &%wmumﬂw below the ground surface.
' Boring backfllied with sand-cament grout mixed with deiil mud, and
I patched with concrete to match the existing surface.
| 105 - -
8 ! . 4
a’ 1 1
g 1104 - .
-’ g -90 ] ]
i 118 - .
il |
é 1201 B 1
& |
4 i 1
T | -100 r 1
- 4 4
§
;‘ 125 = .
il 1 - i
% 410 (
§ - - -
I . 4
140-
A 4
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:
!
B
?,_
:
:
|
?
:
]

N . T e
Oeiatd) §292003 9™ 1.0Brsn i Borina B-5 _l
Drilling Drit Bt | 0 ng -
Method Mud-Rotary 4-34 Inch diameterTricone
Ol Rig Hemmer 140 (/30 drop (8PT); 400 || Sheet 1 of 3
Type m 1000 Dats h/18° drop u) |
Sampird,  Dames & Moors Type-U, 8PT, Shaiby Tube X e 33768086
roundvwa Totml
Do s Dots Measured 20.8 faet on €/20/03 Lol Pagen 1018
Commaris__ Wone il
-E-. SAMPLES ? g
€ ] s OTHER TESTS
§ g g g MATERIAL DESCRIPTION ig g and REMARKS
FIEL ;
0 inch thick Aspiall Concrete pavement Underiain by 12 ches of |
ra
20 H : ]
[ B o e SAND, moist (medumgene) ]
! Brown sity CLAY, moist, with some fine sand (stiff)
57 1| [ Otve-gray aiky e SAND, moief (madkum dense) 7 18 CORR
' % | |
4 14 1
1 | 1
] ! 4
'°1I ) [ Grades with trace shel fagmerts 7 13 | 8 [corn
10 4 12 | .
’s"u | 7 Grades light olive-gray 1 18 CORR
I |
.' r h
g - 12 E [ Graces gray, wet, with 2o 3:4nch thick seam of ahell fragments | 27 | 99 [D8CD
. : .
1 ie [ Dark grey sity LAY, wat i ]
25+ 7 7 o E 200017
| [ €ISP-EM, Dark gray fne SAND wilh sil, wat, with trace shall Fagments (mediom] )
s 1'0 #40 dense) 27
1 ot Hl 4 4
14 Fifs { )
J ] ! )
X135
3""I o| ¢ : Grades with mors shall ingments (loose to madium dense) 122|100
J 8 3 ;
-10 ‘ E 4
. : 4
35‘“ | 4 ; [ Grades (medum dense) BEL
?
] e 5 ! ]
) 5 [
i : !
LOG OF BORING
Proposed LNG import Terminal
Pler Echo, Port of Long Beach
FOR: Kellogg Brown and Root

Figure B8
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Raport: OMG4, Project File: CWESNAVRONXCTSWIERT-1WIER.T GPJ; Oata Templets:DMLA.GOY  Prinked” 911503

Shest 2013
£ g OTHER TESTS
MATERIAL DESCRIPTION gs g and REMARKS
Gruy silty fine SAND, wet (medium densa) ] 26 1127
Grades gray fine fo medium
- -
' |E -200{17)
i T29( 9 .
| BaR ey sy GOk (st ‘
[ Grades with trace shel fmgments ] *
':E"uy’ﬁw_n;amm_yiu_mﬁm'f— - _
u 17 I '
] 2 L J
7°‘| “ o1 " Grades fine with more sl {medium dense) 71 30 | o5 |-20004
.50 12
75 = .
u 15 ;: [ Grades with |sss ait and trace shell fragmenis (danes) 25
24 ]
80+ = 4
18] 1
l n |28 v
80 23
ggmﬁﬁ'wmdmwn.w(vmum)




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

Pler Echo, Port of Long Beach Boring B-5
FOR: Kellogg Brown and Root Sheet 3 of 3
| - e
L ¥ g £ g OTHER TESTS
§ 2 g §§ § 2 MATERIAL DESCRIPTION gg g and REMARKS
AFEHHE 2
I 18 ;: s [ Gradas (dense) | 24 [ 10sosco 1
-T0 1 3 Hax
3 S
'/11' Dark gray siity CLAY, wet, with fine 10 coarse sand, (very stff) ‘
wﬂ w| s / ™ 128 .220(82)
. 7 / . Lind1, Ptat®
J 12 ! ]
et 3 | oray to coarse SAND, wet (very danse) )
LB
ol P B EEE L ]2 |
e
3075 a7 b 1
-80 1 Boring compileted 10 101.5 fest below the ground surface.
4 } Groundwater encountsred at 20.8 faet below the ground surface. {
| Boring backitied with sand-camant grout mbxed with drill mud, and
105 _mmmmummmml A
1
g ] L
3
2 110+ - -7 "
T g h
1 b
g 1154 - i
3
; q ]
1 : ‘
T | -100 l
§ 1254 - .
3 [ ’
2 ]
3 { 4 )
(4]
Y I g )
? 10 ] |
g“ 135 - -
1 !
1 3
140-
L
Figure B8
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';.;N“ T1.0'Brian
B -
ey SR o4 e e oo o1
Toe ?  Mayhew 1000 Bam R drop (e Uy
et Meraoy,  Dames & Moors TypeU, SPY, Shelby Tube o 3srseces
m‘:’n:&?."ﬂml o I:", No groundwater encountered TD,.“."D&?" 103
Comments  Boring terminated at 16.5 feet due to driiling refusal Afproxiemts Ground 91 msL
P SAMPLES
€ _ g g g
L g é OTHER TESTS
§ 2 g ;g § : MATERIAL DESCRIPTION gg E and REMARKS
w o - @D = IE
20 ] % 3-inch thick Asphalt Concrete pavement undariain by 12 inches of
J e - 4
] ~1 Muuo.mmmmmm)
r. g - .
1) s HSES
: st : 1
u s Hif:
o] 43 '
g [0 I ) 3P | Grades with abundant shel fragmants (medium densa) j
a 1 15 b 4
: 3 P e e e e e — e ]
Reddish-brown sandy e to coarse GRAVEL, molet, with
g 15_* [ volcanic m% (Ml: denrss) VEL. )
- 3 7 “ - -
z Lost mud circulation st
~ 8 ﬂ KA [ Grades with cobblas and boulders 1 165 fent °
3 [ Boring compiatad 1o 15.5 feet beiow the ground surface.
1 Groundwater not encountered,
i ; Baring beckfied with sand-cement groul mixed with drili mud, snd |
£ 20- |_ patched with concrete to match the existing surface. A
[
- ]
8 ] ]
& 4
: 25 - 7 |
=
g F
& | | )
. = : -
3 -10 |
2 ' I ‘
i . .
H O™ i )
3 -
Yiva log & part of IS for s ooy
T pert 3w;d v:ur;a.m LOG OF BORING
M%ﬁlmm“mma Proposed LNG Import Terminal
s ioomion wah time pramacied sre 8 mmpiioation of sctusd Pier Echo, Port of Long Beach
Vo’ FOR: Kellogg Brown and Root
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Ot e Boring B-7

O, Mud-Rotary STy 434 Inch diamaterTricone Sheet 1 of 1
S T 7

Nemoiy  Dames & Moors Type-U, SPT, Sheiby Tube b 33760088

e dwm e e w

Approximate Ground
Surtece Elevation(ly 21 MSL

g g OTHER TESTS
8 MATERIAL DESCRIPTION gg g and REMARKS
0
a &

o Depth (ft})
Type
Number
Blows per
6 inches
Graphic Log

3-inch thick Asphait Concrete pavement underiain by 12 inchas of

: agoregate base
2k % SAND, moist (ioose)

R

g

L LR

RSOt ES
&
T
)
————

il

[ =]
-
-t

Py

FARTEAT L Cxf L A K x ATk £ xR T LCx LAY

Grades Iight clive-gray with shell fragments (medium dense) 7 ﬁ

104 2P
2 s
g l 1 R
5_ 12 g
5 15 3 7 ‘ B ~
\ ) g | |
g 20- 4 P .
4 -] R Grades , wat
g ¥ y fine te coarse sandy fine to coarse GRAVEL, wat, with
s ¢  volcanic casts >1* dametsr (medium dense) ]
g 25 .3 [ ¢ ™ -
il M REN |
g 1 " with s and Lost mud circulstion st
g | Boring completed to 28 fest below the ground surface.
Groundwater encountered at 28 fest below the ground surfsce.
g 301 - Boring backfliled with ssnd-cement grout mixed wih il mud, and -
2 -10 1 b patched with concrets to match the axisting surface.
: ' [ ]
b li
3 4 4
Ho™ [ )
| I
LOG OF BORING
. Proposed LNG Import Terminal
- Pier Echo, Port of Long Baach

FOR: Kellogg Brown and Root




Unofficial FERC-Generated PDF o

f 20040202-0038 Received by FERC OSEC 01/26/2004

Logged

in Docket#: CP04-58-000

Date(s) T.0'Brlan -
Drilled
e - Boring B-8
Driling Mud-Rotary 4344 Inch dlameter/Tricone S s of 3
SE o o i A et
Samednd  Dames & Moors Type-U, SPT, Shelby Tube Nmber 3s7ee088
Total
Daoth and Date Measured 22.4 fest on §/26/03 T e ™2
Comments  None APpoxima Ground 22 MSL
e SAMPLES
€ ¥ £ g OTHER TESTS
§ 2 g §§ MATERIAL DESCRIPTION ig g‘ and REMARKS
- [ S‘
¢ 9 Finch thick Asphall Concrate pavement underiain by 12 nches of
1 [_sggregete base -
20 m&y fine SAND, molst (focss) .
5" 1] 4 B T 9 | 80 [corr
" ]
4 P ]
4
‘°‘u 2| 2 Grades olve-brown 1z CORR
§ ] 3 ‘
a ro 4
il o |
5 ‘5]I 3| s [ Grades gray, very moist (very looss) 7 a1 | 88 {corr
N i ] } )
g ‘ [ Darkgray clayey SILT, wet, with fine sand (vary sof) |
= 207 o | Pusn - 7 38 LL=27, Pi=3
il ' )
e 1 i
- ) ™ Gray silty fine to medium SAND to fins 10 medium sandy SILT, wet |
J | (oat) .
'+ L J
2 6| 26 | 101 [osco
o I RN |
g J b5 ] L
o [
g ”;u o [ Grades fine (very looss) 1 2 -200(50)
g -‘o R 1 = -
z J J ]
P ) [
? 35“ s| 2 i T2 o7
01 | | ,
| |
Luanmdxmmndshmam LOG OF BORING
‘ootan ,=w and &t e bme of nﬂ, e ahehon ot Pro LNGI rt Terminal
~ Twe KOCREOR walh brvs. Dita prasentad are & smohbcuion of SOhUE Pler Echo, Port of Long Baach
FOR: Kellogg Brown and Root
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Pler Echo, Port of Long Beach Boring B-8

FOR: Kellogg Brown and Root Sheet2 03
- g
— —_ ;‘
§ € ¥ g g OTHER TESTS
§ § g g 55 § g MATERIAL DESCRIPTION ég E and REMARKS
B o &
T : 2
-20 : { 1
74 CH ARINE -
[ gray CLAY, mduﬂhﬂdtﬁd&hh(mﬂmi
I 0| 3 - st 45 | 78 |-200(100)
4 1 LL=59, Pi=29
¢ | ] PPe1 25
’ ‘ ICON
4 |
50+ 1" ¢ P e s e o e e e — —— ] 4
u 8 GATTSM | Gray alhy fine 1o riedhum SAND, wal, with trace shell Fagments |
12 kIR (madium danse)
- 55" I 43 Grades with mors sit and without shels (loose) Taz|ee
g | S S S e
2 ] " CL T Gray sy CLAY, wet (vary sty ]
, J
g ”H I . K -20007)
5 -40 1 12 < — e e e ]
dl 1 4| S8 T Gray siity fina to medium SAND, wet, wkh trace shell fagments
_ 1 :: | (medium denss) )
% 551' “ :11) ;i B 7 27 | s8 {DscD
: -
5 43 | Grades with abundart shefl fragments
bt Re c"__—__——___—_.'
- wﬂ sl o g:r:)mtﬂyCLAY wet, with Z to 3-nch thick sify fne sand tayers LLe38, Pret4
; I | ‘
L | -s0 ]
g o 4
§ 75'. 10 g " Grades (st | 30 | 96 |PPa3as
: i 10
: |
G 50 ’
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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 (CPT"s) to depths ranging from 93 feet to 100 feet below existing ground surface.
The upper 5 feet of all CPT's was hand-augered as an additional precaution for
subsurface utilities.

The following is a presentation of the CPT exploration program performed by Gregg In
Situ, Inc. of Signal Hill, California. Locations of the CPT’s are shown in Figure 2-1.

-00o-
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PRESENTATION OF CONE PENETRATION TEST DATA

1.0 INTRODUCTION

This report presents the results of a Cone Penetration Testing (CPT) program camied
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 Penetration Tests (CPT) were carmied out by GREGG IN SITU, INC. of Signal
Hill, CA using an integrated electronic 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? and
friction sleeve area of 225 cm®. 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 Friction (fs)
- Dynamic Pore Pressure (U)

The above parameters were printed 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 oit 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. Thiteen CPT soundings were performed. The
penetration tests were camied to depths of approximately 100 feet below ground
surface. Test locations and depths were determined in the field by URS personnel.
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GREGG IN SITU, INC. URS
July 1, 2003 Pier T
-~ 03-151sh Long Beach, Ca.

The CPT sample holes were 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 tremie 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 includes CPT logs of measured soil
parameters and a computer tabulation of interpreted soil types along with additional
geotechnical parameters and pore pressure dissipation data.

The stratigraphic interpretation is based on relationships between cone bearing (gc),
sieeve friction (fs), and penetration pore pressure (U). The friction ratio (Rf), which is
sleeve friction divided by cone bearing, is a calculated parameter which is used to infer
soil behavior type. Generally, cohesive soils {clays) have high friction ratios, low cone
bearing and generate large excess pore water pressures. Cohesionless soils (sands)
have lower friction ratios, high cone bearing 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 approximate 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 (ts). The PPDT cormrelation figure (figure
2) is provided in the Appendix.

The interpretation of soils encountered on this project was carried out using recent
correlations developed by Robertson et al, 1980. It should be noted that it is not always
possible to clearly 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 soil 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 arbitrary depth in excess of 10 feet of the deepest
sounding is entered as the groundwater depth.
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GREGG IN SITU, INC. URS
July 1, 2003 Pier T
o’ 03-151sh Long Beach, Ca.

We hope the information presented is sufficient for your purposes. We recommend that
all data be carefully reviewed by qualified personnel to verify the data and make
appropriate recommendations. If you have any questions, please do not hesitate to
contact our office at (562) 427-6899.

Sincerely,
GREGG IN SITU, INC.

avi
Operations Manager
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3.1 CPT PLOTS
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3.3 PORE PRESSURE DISSIPATION PLOTS
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~ ELECTRICAL PIEZOCONE

Figure 1
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-~ PPDT CORRELATION

Water Table Calculation

Dwater = Dcone - Hwater
where Hyater = Ug (depth units)
Useful Conversion Faclors:  1psi =0.704m =231 faat (waler)

1tsf = 0.958 bar = 13.9 pai
1m =328 feet

Figure 2
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SOIL CLASSIFICATION CHART

p

N’
1 M 2 sensitive fine grained
2 B 1 organic material
a5 1 7 elay -
4 ® 15 siity clay to clay
5 ® 2 clayey siit to-shty
6 B 25 sandy siit to clayey siit
7 3 siity sand to sandy siit
a8 4 sand to sitty sand
9 § sand
10 4 6 gravelly sand to sand
" 1 very stiff fine grained *
12 B 2 sand to clayey sand *

* overconsolidated or cemented

After Robertson and Campeneila

Figure 3
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Sﬁ Gregg In Situ
[ ]

Environmental and Ceotechnical Site Investigation Contractors

Gregg In Sku CPT Interpretations as of January 7, 1998 (Reisase 1.00.19)

Gregg In Situ's interpretation routine should ba considersd a calculator of current published CPT
correiations and is subject to change o reflect the current state of practice. The interpreted valuese are
not considered valid for all soi types. Tha interpretations are presented only as a guide for geotechnical
usa and should be carefully scrutinized for considaration in any geotechnical dasign. Reference to
current literature is strongly recommended.

The CPT interpretations are basad on values of tip, sleeve friction and pore pressure averaged over a
user specified interval (typically 0.25m). Note that Qt is the recorded tip value, Qc, comacied for pore
pressure effects. Since all Gregg In Situ cones have equal end area friction sleeves, pore pressure
cormections o sleeve friction, Fs, are not required.

Tha tip comection is; Qt=Qc +(1-8) e Ud
where: Qt is the comectad tip load
Qc is the recorded tip load
Ud s the recorded dynamic pore pressure
a is the Net Araa Ratio for the cone (typically 0.85 for Gregg In Situ cones)

Effactive vertical overburden stresses are caiculated based on a hydrostatic distribution of equiibrium
pore praasures below the water table or from a user defined squilibrium pore prassure profile (this can be
obtained from CPT dissipation tests). The siress caiculations use unit weights assigned to the Soll
Behavior Type zones or from a user dafined unit weight profile.

Detais regarding the interpratation methods for all of the interpreted parameters is given in table 1. The
appropriate references refarmad to in table 1 are listed in table 2.

e The estimated Soil Behavior Type is besed on the charts developed by Robertson and Campanetta
shown in figure 1.

Table 1 CPT Interpretstion Methods

Intarprwind Description " Equation Rt
Paramater
Degth mid leyer depth
AvgQt " | Averaged correctad tp (Qt) ' la
A"SQ";.EQ‘.
AvgFs ‘Averaged sieeve friction (Fs) ' .
AvgFe= 15 gy
Avgl Averagad friction
o o (R7 AvgRf = 100% ¢ 27EE
. Avgr
Avgld Averagad dynamic pore pressure (Ud) 12
A‘EUd=;EUd.
SAT 1 Soi Behavior Type 28 defined by Robsrtson and Campaneila 1o
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CP04-58-000

Uwt

Ni)w
&N1lm

QciN

Unit Weight of sod deserminext from:
1) uniform veiue or
2) vaive sssighed to each SBT zone
3) uwer supplied unit weigit profile

Total vertical overburden siress at mi leyer depth

" Effactive vextionl overburden stress at mid layer depth

1) hydrostatic from water table depth
2) user suppiied profiie

SPT N value st 60% enargy calculatad from N rtios assigned ta
each S8T rone

Equivelent Ciean Send Carmection ©© (N1)e

Equivalent Clesn Sand (N1)e
Undrained shear strength - Nit is use selectable

| Cosficient of permeabiity (assigned 10 each SBT zons)

Normeizad Ot for Soll Bahavior Type classification ae defined by
Robertson, 1960
NormmaRkesd RY for Soll Behavior Type cinealfication as defined by
Robertacn, 1690

" | Normatzed Soil Behavior Type (sightly modiiad from that published by
Robertson, 1800. This version includes all the soll zones of the original

non-nanmesiized SBT chart - see figure 1)
Normelzed Ot for selemic analysis

Dimensionioss Normwiized Qt1

M‘g’!,h‘
where v; In lmyer unit waight
h; i Wmyer thickness

EStress = TStress - Ueg

Crm{a,**
whers o'l in taf
0.5<C, <20

Nig=CneNeg
BN = (M),
. 4

Whemn: Ky ia defined ss:

0.0 for FC < 5%

0.0167 = (FC - 8) for 5% < FC < 8%
0.5 dor FC > X%

FC - Fines Contant in %

Nt eoma= (N1i + AMN1)g

P il 11

Nu

Q-
-,
Qtm e

v

7,
=100% e —L—
R Qi-o,

W'QC'(P‘U.”
whera. Pa = stm. pressure

qciN=qcl /Ps
where: Pu = aim. pressure

—
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AQAcINT

Equivalent clean sand comeclion

| Clean Sand equivaient OcIN

Fines comant (%)

Fa -

dgctN = Kt o o1y
1-X,,

Where: Kewr in defined as:

0.0 for FC < 5%
0.0267 « (FC - 5) for 8% < FC < 35%
0.5 for FC > 3%

FC - Fines Content in %
QCINCE = ge TN + AQCIN

k= [{3.47 - logQ)* + flog F + 1,22/
FC=1.75(1"™ .27 ’

FC=100 for o > 3.8

FC=0) foric<128

FCu8% ¥ 1,84 <ic<26AND Rin<0.8
Campanefia arxi Roberteon
Durunogks and Mitchel

Janbu

Ticino Sand
Hokicsund Sand
Schmertmann 1976
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Figure 1 Non-Normalized and Normaiized Soll Behavior Type Classification Charts
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CPT Interpretations

Table 2 References

e No. Reafersnce
1 Robsstson, K. and Campaneds, R.G., 1968, *Guideiines for Use, interpretation and Appikation of
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B.C., Canada

2 | Robertaon, P.K., Campaneia, R.G., Gilesple, D. and Graig, J., 1986, "Usa of Piezomater Cone Dats”,
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3 NwmhanPJCuuCamunthqu1ﬂDquanmukqumumnthuﬂplxthPTuﬂ

CPTL’, UBC, Sall Mechenics Series No, 120, Civil Eng. Dept,, Vancouver, B.C., Canade

4 Robertson, P.K., 1990, “Soll Classification Uising the Cone Penetration Tes?”, Canadian Geotechnical

Joumal, Volume 27.

§ | Robertson, P.K and Fear, C.E., 1994, Liquetaction of Sande and fis Evakustion”, Kaynote Lacturs,

First Imsmational Conference on Earthquake Geotachnical Engineering, Tokyo, Japan,

6 | Gregg in Siu imtemal Report '

T | Robertson, P.K. and Wride, C.E., 1887, "Cychc Liquetaction and s Evelustion Based on SPT and

CPT", NCEER Woarkehop Paper, January 22, 1097

8 “Wride, C.E. st Robertson, P.X., 1997, Phase I Deta Review Report (Mossey and Kidd Sties, Fraser
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9 ‘Piowss, H.D., Davies, M.P. and Jefleries, M.G.. 1992, “CPT Based Screaning Procadure for
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