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To: Amy Harbin at the City of Long Beach 

From: Sandra Pentney Email: Sandra.Pentney@atkinsglobal.com 

Phone: 858-514-1083 Date: Dec 12, 2018 

Ref: Long Beach Cruise Terminal 
Improvement Project 

cc: Mark Stroik, Brian Leslie, Alan Ashimine 

Subject: Geology and Soils Technical Report 

 

The objective of this memorandum is to provide information in support of environmental permitting 
with findings from the technical study of geology and soils as it relates to the Long Beach Cruise 
Terminal Improvement Project.  

 

Geotechnical sampling was conducted by Gregg Drilling & Testing, Inc. on July 24-26, 2018. Three 
full length borings were collected in the immediate vicinity of the proposed project as laid out in 
Figure 1. One boring was collected near each of the anticipated pile-founded structure locations. 
The borings were collected using a standard penetration test (SPT) method and followed current 
ASTM standards.  

 

These samples were processed in the laboratory and analyzed by Leighton Consulting, Inc. for the 
purpose of determining design elements related to the pile-founded structures. The results were 
used to answer all questions in Appendix G of the CEQA guidelines, presented in the Seismic and 
Geologic Hazards Assessment attached herein. A full geotechnical report prepared under the 
supervision of a California Geotechnical Engineer and a certified Engineering Geologist is 
presented in Attachment 2 of this document.   
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Figure 1. Boring locations for structural elements at the Long Beach Cruise Terminal 
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Attachment 1. Seismic and Geologic Hazards Assessment 
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Attachment 2. Geotechnical Design Report 
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December 10, 2018 

Project No. 12096.001 

Atkins 
17220 Katy Freeway, Suite 200 
Houston, Texas, 77094 
 
Attention: Mr. Brandon Smith 
 
Subject: Geotechnical Exploration Report 
  Expansion of Existing Carnival Cruise Line Pier 
 Port of Long Beach, Long Beach, California 
 
 
Per your request and authorization, Leighton Consulting, Inc. (Leighton) has performed a 
geotechnical exploration in support of the expansion of the existing Carnival Cruise Line 
Pier located at the Port of Long Beach (POLB), Long Beach, California.  The scope of 
work for this exploration was outlined in our proposal dated June 13, 2018 and authorized 
by you on July 12, 2018.   
 
The proposed expansion of the existing pier will consisted of addition of two new mooring 
dolphins to the existing mooring dolphins and an extension of the existing pier gangway.  
Based on our exploration and analysis, the construction of the proposed supplemental 
facilities is considered feasible from a geotechnical standpoint.  Geotechnical 
recommendations for the design of the supplemental pier facility foundations are 
presented in this report. 
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We appreciate this opportunity to be of service.  If you have any questions regarding this 
report or if we can be of further service, please call us at your convenience at (866) 
LEIGHTON, directly at the phone extensions or e-mail addresses listed below. 

Respectfully submitted,  
 
LEIGHTON CONSULTING, INC.  
 
 
 

 
Robert Hennessey, PE 86902 
Senior Project Engineer 
Ext 3023, rhennessey@leightongroup.com 
  
 
 
Review By 
 
 
 
 
Vincent P. Ip, PE, GE 2522   
Senior Principal Engineer 
Ext 1682; vip@leightongroup.com 
 

NA/RPH/VPI/lr 
 
Distribution: (1) Addressee 
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1.0 INTRODUCTION 

1.1 Site Description and Proposed Development  

The existing Carnival Cruise Line pier facility is located east of the Carnival Cruise 
Line Terminal at Queensway Bay at Pier J in the Port of Long Beach (POLB), Long 
Beach, California (Figure 1, Site Location Map).   

The proposed expansion of the pier facility will consist of adding two new mooring 
dolphins (north and south) and an extension of the existing pier gangway (Figure 
2.2, Exploration Location Map).  As currently planned,  the new mooring dolphins 
will be  approximately 38 feet wide and 30 feet long by 5 feet thick reinforced 
concrete structures. One mooring dolphin is proposed to be located approximately 
110 feet north of the existing Mooring Dolphin No.1. The second mooring dolphin 
is proposed to be located120 feet south of the existing Mooring Dolphin No.4.   
Both new dolphins will be situated in line with the existing dolphins.  The gangway 
extension is planned to be approximately 40 feet long and 35 feet wide by 5 feet 
thick reinforced concrete structure and located on the southern edge of the existing 
gangway. Based on the 30% design plan, the finish surface of the three new 
structures will be at elevation +15 feet mean sea level (msl) and supported on 36-
inch diameter steel pipe piles.  

1.2 Purpose and Scope of Exploration 

The purpose of our geotechnical exploration was to evaluate the subsurface 
conditions at the site through review of available data and exploratory borings, in 
order to provide geotechnical recommendations to aid in design and construction 
for the project as currently proposed.       

The scope of work includes the following tasks: 

• Background Review – A background review was performed of readily available, 
relevant geotechnical and geological literature pertinent to the project site, 
References reviewed in preparation of this report are listed in Section 7.0.  

• Field Exploration – Our field exploration was performed on July 24, 25,   and 
26, 2018, and consisted of three (3) rotary wash borings (designated B-1 
through B-2). B-1 and B-2 were drilled to approximate depths of 123.5 and 
118.0 feet below the seafloor (corresponding elevations of -151.5 and -150 
msl). Boring B-3-1 (at North Mooring Dolphin) encountered drilling refusal at 
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approximate depth of 22 feet below the seafloor (Elevation -52 msl). 
Consequently, the drilling activities was relocated approximately 100 feet to the 
east and drilled to a depth of 98 feet below seafloor (Elevation -130 msl).  The 
new boring was designated as B-3-2.  

During drilling of the rotary wash borings, drive samples were obtained from 
the borings for geotechnical laboratory testing.  Tube and ring samples were 
collected from the borings using a Thin-Walled Steel Sample Tubes (Shelby 
Tubes) and Modified California Ring sampler conducted in accordance with 
ASTM Test Method D 1587 and D 3550.  Standard Penetration Tests (SPTs) 
were also performed within the rotary wash borings in accordance with ASTM 
Test Method D 1586.  The tube samples were pushed/driven for a total 
penetration of 24 inches and the ring and SPT samplers were driven for a total 
penetration of 18 inches using a 140-pound automatic hammer falling freely for 
30 inches.  The number of blows per 6 inches of penetration was recorded on 
the boring logs.   

The borings were logged in the field by members of our technical staff.  Each 
soil sample collected was reviewed and described in general accordance with 
the Unified Soil Classification System (USCS). The samples were sealed and 
packaged for transportation to our laboratory.  After completion of drilling, the 
borings were backfilled with cement grout per the approved well permit from 
the City of Long Beach.  The boring logs are presented in Appendix A, Field 
Exploration Logs. 

• Geotechnical Laboratory Testing – Laboratory tests were performed on 
representative soil samples to evaluate geotechnical engineering properties of 
subsurface materials.  The following laboratory tests were performed: 

 In-situ Moisture Content and Dry Density (ASTM D2216 and ASTM D2937); 

 Sieve Analysis (ASTM D 422); 

 Atterberg Limits (ASTM D 4318); 

 Direct Shear (ASTM D 3080); and 

 Consolidated-Undrained Triaxial Compression Test (ASTM D 4767). 

The results of the laboratory tests are presented in Appendix B – Geotechnical 
Laboratory Test Results.   

DRAFT D
OCUMENT



Project No. 12096.001 

3 

• Engineering Analysis – Geotechnical analysis was performed on the collected 
data to develop conclusions and recommendations for design and construction 
of the planned improvements. 

• Report Preparation - This geotechnical report presents our findings, 
conclusions, and recommendations.   

It should be noted that the recommendations in this report are subject to the 
limitations presented in Section 6.0 of the report. 
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2.0 GEOTECHNICAL FINDINGS 

2.1 Geologic Setting 

The site is located within the Peninsular Ranges geomorphic province of California 
in the southwestern margin of the Los Angeles Basin and east of the Palos Verdes 
Peninsula.  The Peninsular Ranges province extends approximately 900 miles 
southward from the Santa Monica Mountains to the tip of Baja California (Yerkes, 
et al., 1965) and is characterized by elongated, northwest-trending mountain 
ridges and sediment-floored valleys.  The province includes numerous northwest 
trending fault zones, most of which either die out, merge with, or are terminated by 
faults that form the southern margin of the Transverse Ranges province.  These 
northwest trending fault zones include the San Jacinto, Whittier-Elsinore, Palos 
Verdes, and Newport-Inglewood fault zones. 

Approximately 65 million years ago (at the end of the Cretaceous Period) a deep, 
structural trough existed off the coast of southern California (Yerkes, 1972).  Over 
time the trough was filled with sediments eroded from the surrounding highlands 
and mountains.  About 7 million years ago the boundary between the Pacific and 
North American plates shifted to its present position and the geologically modern 
Los Angeles basin began to form.  The deepest part of the Los Angeles basin 
contains Tertiary to Quaternary-aged (65 million years and younger) marine and 
nonmarine sedimentary rocks that are about 24,000 feet thick (Yerkes, et al, 1965; 
Wright, 1991).  During the Pleistocene epoch (the last two million years) the region 
was flooded as the sea level rose in response to the worldwide melting of the 
Pleistocene glaciers. 

The project site is located in Long Beach Harbor approximately 7.5 miles to the 
east of the Palos Verdes Hills near the mouth of the Los Angeles River channel.  
Long Beach Harbor lies on the edge of a broadly elevated coastal terrace on the 
southern edge of the Los Angeles Basin.  This terrace has been deeply dissected 
by the Los Angeles River in response to the sharply lowered sea levels during the 
last global glaciation, approximately 20,000 years ago.  The channel incision, 
known locally as the Dominguez Gap, was several hundred feet deep.  With the 
Waning of the continental glaciers, it has been filled with alluvial channel and flood 
plain sediments as the Los Angeles River adjusted its grade to accommodate the 
resultant rise in sea level.  Modern sea level was reached roughly 6,000 years ago.  
Regional geologic mapping of the project site and vicinity indicates that near-
surface soils beneath the site consist of recent artificial fill (Saucedo et al., 2003; 
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CGS, 2010).  The surficial geologic units mapped in the vicinity of the project site 
are shown on Figure 3, Regional Geology Map. 

2.2 Subsurface Soil Conditions 

Our field exploration consisted of drilling and sampling a total of four (4) mud-rotary 
borings (B-1, B-2, B-3-1, and B-3-2) to a maximum depth of approximately 125 
feet below seafloor (bsf).   Drilling was conducted overwater on a drill ship operated 
by Gregg Drilling between July 24 and July 26, 2018. 

Based on our subsurface exploration, tidal deposits were encountered in boring B-
1 and B-2 to a depth of 23 feet and 18 feet bsf, respectively.  Refusal was 
encountered immediately beneath approximately 22 feet of dredge fill at B-3-1.  
Consequently, drilling operations were relocated approximately 100 feet to the east 
to B-3-2 where dredge fill was encountered to a depth of approximately 50 feet bsf.  
Underlying the tidal deposits or dredge fill to the maximum depth of exploration is 
the native alluvium.  Descriptions of the subsurface soils encountered in our 
borings are as follows: 

Tidal Deposits/Dredge Fill:  The materials consist of very soft to soft or loose to 
medium dense silt, clayey silt/silty clay, and silty sand.  Based on review of the soil 
behavior type index (i.e., IC) from the previous CPTs (By Leighton 2017 and 2018), 
it suggested that most of the dredge fill and the tidal flat deposits behave mainly 
as “clay-like” soils.  It is consistent with the soil samples retrieved from the soil 
borings. 

Native Alluvium: The native alluvium underlying the tidal deposits and dredge fill 
consists of interbedded dense to very dense sand to stiff to very stiff silt, clay, and 
silty clay.  

The stratigraphy of the subsurface soils encountered in each soil boring is 
presented in the Appendix A, Field Exploration logs.   
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3.0 SEISMIC AND GEOLOGIC HAZARDS ASSESSMENTS 

3.1 Surface Fault Rupture 

The project site is located near the eastern end of the 45-acre Queen Mary 
Complex at Pier J in the Port of Long Beach (POLB), Long Beach, California 
(Figure 1, Site Location Map).  Our review of available in-house literature indicates 
that no known active faults have been mapped across the site, and the site is not 
located within a designated Alquist-Priolo Earthquake Fault Zone (CGS, 1986; 
Bryant and Hart, 2007).  Therefore, the potential for surface fault rupture at the site 
is expected to be low and a surface fault rupture hazard evaluation is not mandated 
for this site.   

The location of the closest active faults to the site was evaluated using the United 
States Geological Survey (USGS) Earthquake Hazards Program National Seismic 
Hazard Maps (USGS, 2008).  The closest active faults to the site are the Newport-
Inglewood Fault Zone (NIFZ), Palos Verdes fault and the Puente Hills fault, located 
approximately 3.4 miles, 3.5 miles and 11.1 miles from the site, respectively.  The 
Puente hills fault is a blind thrust fault that is concealed at depth, without the 
potential for surface fault rupture.  The San Andreas fault, which is the largest 
active fault in California, is approximately 51 miles northeast of the site. Major 
regional faults with surface expression in proximity to the site are shown on Figure 
4, Regional Fault and Historical Seismicity Map. 

The THUMS-Huntington Beach fault is located to the southwest of the project site, 
splays southeastward from the onshore portion of the Palos Verdes fault.  This 
fault forms the southwestern border of the Wilmington and Huntington Beach 
anticlines where it extends southeastward from the Huntington Beach anticline 
merging with the Newport-Inglewood fault zone (Ishutov, 2013).  This fault does 
not pose a surface rupture hazard to the project site. 

3.2 Strong Ground Shaking 

The site is located within a 62-mile (100 kilometers) radius of several major faults 
in the region (Figure 4).  Earthquakes occur along one of these major faults are 
expected to generate moderate to strong ground shaking at the site.  The current 
(2016) code-based Maximum Considered Earthquake (MCE) corresponds to an 
earthquake event with a probability of exceedance of 2 percent in 50 years (i.e., 
2475-year return period). 
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Based on review of the Port-wide Ground Motion Study Report (EMI, 2015), the 
shear wave velocity in the vicinity of the site is on the order of 150 meters per 
second (m/sec).  It corresponds to a Site Class E soil profile based on California 
Building Code (CBC, 2016).  Using a Site Class E profile, the spectral 
accelerations at five percent structural damping for the Design Earthquake and 
risk-targeted MCE are presented in the Table below.  These parameters were 
calculated based on the general procedures of the 2016 CBC using the USGS 
U.S. Seismic Design Map Tool (USGS 2016a).   

Table 1 - 2016 CBC Spectral Acceleration Parameters 

Categorization/Coefficient Design Value 

Site Latitude 33.7515°  

Site Longitude -118.1871°  

Site Class E 

Mapped Spectral Response Acceleration at Short Period (0.2 sec), SS 1.589g 

Mapped Spectral Response Acceleration at Long Period (1 sec), S1 0.598g 

Short Period (0.2 sec)Site Coefficient, Fa 0.9 

Long Period (1 sec) Site Coefficient, Fv 2.4 

Adjusted Spectral Response Acceleration at Short Period (0.2 sec), SMS 1.430g 

Adjusted Spectral Response Acceleration at Long Period (1 sec), SM1 1.434g 

Design Spectral Response Acceleration at Short Period (0.2 sec), SDS 0.953g 

Design Spectral Response Acceleration at Long Period (1 sec), SD1 0.956g 

Mapped Geometric Mean MCEG Peak Ground Acceleration, PGA 0.622g 

All were derived from the USGS web page:  http://earthquake.usgs.gov/designmaps/us/application.php 

 
In accordance with Section 11.8.3 of ASCE Standard 7-10, the mapped geometric 
mean peak ground acceleration (PGA) is 0.622g for the site.  For a Site Class E, 
the FPGA is 0.9 and the mapped peak ground acceleration adjusted for Site Class 
effects (PGAM) is 0.56g.    

By deaggregating the peak ground acceleration with respect to magnitude and 
distance, the MCE at the site will most likely a magnitude 7.4 event occurring 
approximately 3.5 miles from the site (USGS, 2016b). The seismicity data are 
included in Appendix C. 
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3.3 Historical Seismicity  

Although Southern California has been seismically active during the past 200 years, 
written accounts of only the strongest shocks survive the early part of this period.  
Early descriptions of earthquakes are rarely specific enough to allow an association 
with any particular fault zone.  It is also not possible to precisely locate epicenters of 
earthquakes that have occurred prior to the twentieth century. 

A search of historical earthquakes was performed using the computer program EQ 
Search (Blake, 2000) for the time period between 1800 and 2016.  Within that time 
frame 526 earthquakes between magnitude 4.00 and 9.0 were found within a 62-
mile (100-kilometer) radius of the site.  Of these earthquakes, the closest was an 
earthquake located 0.5 mile (0.8 kilometer) from the site, and occurred on August 4, 
1933.  Although not precisely located, the epicenter for this earthquake event is 
located to the east of the project site. The earthquake registered magnitude 4.0 Mw 
and induced an estimated peak ground acceleration (PGA) of 0.153g at the project 
site.   

There are records of three earthquakes with a magnitude 7.0 or larger within the 
search performed, which were magnitude 7.0 Mw earthquakes that occurred on 
December 8, 1812, September 24, 1827 and December 16, 1858.  The largest PGA 
at the site is estimated to have been roughly 0.232g from the magnitude 5.4 Mw 
earthquake that shook the region on November 14, 1941.  For a general view of 
recorded historical seismic activity see Figure 4, Regional Fault and Historical 
Seismicity Map.  

Review of additional data available from the Center for Engineering Strong Motion 
Data (CESMD) website (http://strongmotioncenter.org/) indicates that the highest 
recorded ground acceleration in the vicinity of the project site was 0.70g for a station 
located approximately 3,000 feet northwest from the site.  The recorded ground 
acceleration was from the magnitude 6.4Mw Northridge earthquake that occurred 
on January 17, 1994. 

3.4 Liquefaction Potential 

Liquefaction is loss of soil shear strength due to a build-up of pore water pressure 
during severe ground shaking.  Soils most susceptible to liquefaction are clean 
and uniformly graded, loose, saturated fine-grained sands. Additionally loose and 
saturated fine grained soil deposits can behave like liquid due to loss of strength 
and stiffness during or shortly after prolonged strong earthquake ground motions.  
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Where sloping ground conditions are present, soil liquefaction or loss of strength 
can result in ground instability (i.e., lateral spread or flow failure). 

As shown on the State of California Seismic Hazard Zones Map for the Long Beach 
Quadrangle (CGS, 1999), the site is mapped within an area that has been 
identified as being susceptible to liquefaction (Figure 5, Seismic Hazard Map). 

The site for the existing pier structure and the proposed new improvements consist 
of 20 to 25 feet of dredge fill and tidal deposits overlying alluvium (i.e., native 
alluvium).  Based on our subsurface exploration, the dredged fill and tidal deposits 
beneath the site generally consist of very soft to soft or loose to medium dense 
layers of silt, sand, and clay.  Previous laboratory test and analysis by Leighton 
suggested that the materials are prone to liquefaction and/or loss of strength during 
the strong ground motions from earthquakes anticipated at the site.  The native 
alluvium soils below the dredge fill and tidal deposit consist of dense to very dense 
silty sand and stiff to very stiff silt, sandy silt, and silty clay.  Given the dense to 
very dense nature of the underlying native alluvium, these soils are not considered 
susceptible to liquefaction. 

The potential impacts of soil liquefaction on the project site are discussed below. 

Ground Settlement:  Based on our analysis, the dredge fill and tidal deposits  are 
considered to be susceptible  to liquefaction-induced settlement during strong 
ground motions due to earthquakes.  Based on our experience and exploration for 
other Carnival Cruise Line’s projects in the vicinity of this site (Leighton 2017 and 
2018), the materials are anticipated to behave primarily as “clay-like” soils. Due to 
the “clay-like” behavior of the soil materials, the seismically-induced settlement is 
not anticipated to be excessive.  However,  any settlement that will occur will 
impose additional loads (i.e., downdrag) on the existing and new piles, during an 
earthquake event. 

Loss of Bearing Strength:  The shear strength of the dredge fill and the tidal flat 
deposits will be partially loss due to liquefaction.  The strength loss in the materials 
should be considered in the design of the pile foundation supporting the existing 
pier and the proposed new structures.  The shear strength of the underlying native 
alluvium is not expected to be degraded during earthquake shaking. 

Lateral Ground Displacement:  The dredge fill and the tidal deposits are 
susceptible to lateral spread resulted from liquefaction due to loss of strength and 
stiffness in the soils during and shortly after an earthquake.  The lateral 
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displacement of the materials should be considered in the design of the pile 
foundation supporting the pier and the proposed new structures. 

The calculations of lateral ground displacement due to liquefaction was performed 
using the Newmark sliding block (Newmark 1965) model.  For the purpose of this 
report, the slinging mass was considered rigid.  Using the rigid block model 
developed by Bray and Travasarou (2007), the maximum lateral displacements of 
the dredge fill and tidal deposits was estimated to be on the order of 30 inches. 

3.5 Seismically-Induced Landslides 

Based on the State of California Seismic Hazard Zones Map for the Long Beach 
Quadrangle (CGS, 1999), the site is not located within an area that has been 
identified by the State of California as being potentially susceptible to seismically 
induced landslides (Figure 5, Seismic Hazard Map). 

3.6 Flood Hazard 

According to a Federal Emergency Management Agency (FEMA) flood insurance 
rate map (FEMA, 2008), the site is not located within a flood hazard zone (Figure 
6, Flood Hazard Zone Map).  Flooding in the vicinity of the project site is generally 
isolated to the Queensway Bay located to the north of the project site.  Therefore, 
the effect of regional flooding affecting the site is considered negligible.  

3.7 Seiches and Tsunamis 

As shown on Figure 7, Tsunami Inundation Map, the project site is located within 
a tsunami inundation area identified by the California Emergency Management 
Agency and the California Geological Survey (CGS, 2009).  Based on the Tsunami 
Hazard Assessment for the Port of Long Beach report (Moffatt & Nichol, 2007), the 
maximum water level in Pier J produced by the Santa Catalina 7-segment scenario 
is approximately 10 feet (3.13 m) msl which should be taken into consideration for 
design and construction of the proposed new dolphin and gangway expansion 
tower structure. DRAFT D
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4.0 FINDINGS AND CONCLUSIONS 

No apparent evidence of adverse geological or geotechnical hazards was noted at the 
site that will preclude the development of the project.  Presented below is a summary of 
findings based upon the results of our geotechnical evaluation of the site: 

• The site is likely to experience moderate to strong earthquake.  The most probable 
code-based earthquake event is a 7.4 magnitude earthquake occurring at 
approximately 3.5 miles from the site. 

• The site is mapped within an area shown as susceptible to liquefaction on the 
California Seismic Hazard Zones Map for the Long Beach Quadrangle.  Based on 
previous exploration by Leighton in the immediate vicinity of the pier, the dredge fill 
and tidal deposits are susceptible to loss of strength and stiffness when subject to 
ground shaking.   

• The seismically-induced settlement of the tidal deposits and dredge fill at the site is 
not expected to be excessive but it will impose downdrag to the existing and new piles. 

• The maximum lateral displacement of the tidal deposits and dredge fill due to ground 
shaking was estimated to be approximately 30 inches. 

• Concrete elements in contact with the seawater, shall be designed for extreme marine 
environment.  The onsite environment is also considered corrosive to ferrous metal. 
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5.0 DESIGN RECOMMENDATIONS 

Geotechnical recommendations for the proposed additions are presented in the following 
sections and are intended to provide sufficient geotechnical information to develop the 
project in general accordance with Port of Long Beach Wharf Design Criteria, 2015 and 
2016 CBC requirements. The following recommendations should be considered minimal 
from a geotechnical viewpoint as there may be more restrictive requirements of the 
architect, structural engineer, governing agencies and the City of Long Beach. 

The geotechnical consultant should review the foundation plan and specifications as they 
become available to verify that the recommendations presented in this report have been 
incorporated into the plans prepared for the project. 

5.1 Foundation Recommendations 

Soil Profile and Shear Strength: The idealized soil profile and shear strength 
parameters for analyzing the existing piles and design of new deep foundations 
are presented in Table 2 below: 

It should be noted that the dredge fill thickness at the North Mooring Dolphin was 
assumed as the same dredge fill thickness at Boring B-3-1 when drilling refusal 
was encountered (i.e., 22 feet bsf).  The listed shear strength parameters were 
derived primarily based on laboratory test results from current and previous 
exploration by Leighton (2017 and 2018).   
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Table 2 - Idealized Soil Profile and Strength Parameters 

Locations Elevations 
 

Predominant Soil 
Types 

Effective 
Unit Weight 

(pcf) 

Friction 
Angle 

(degree) 
Undrained Shear 

Strength (psf) Strain ε50 k (pci) 

South 
Mooring 
Dolphin  

-28 to -51 
Soft Clay with Free 

Water (Tidal Deposits 
and dredge fill) 

38.4 N/A 
0 to 150 S 
0 to 315 L 
0 to 610 U 

0.07 30 

-51 to -76.5 API Sand 61.1 38-41   125 

-76.5 to -111 Stiff Clay with Free 
Water 62.0  1,667 to 2,952 L 

1,835 to 3,070 U 0.03 1,000 static 400 
Cyclic 

-111 to -141.5 API Sand 61.1 38-41   175 
-141.5 to -

151.5 
Stiff Clay with Free 

Water 62.0 N/A 4,145 to 4,500 U 0.03 1750 static 800 
Cyclic 

Gangway 
Tower 

-32 to -50 
Soft Clay with Free 

Water (Tidal Deposits 
and dredge fill) 

38.4 N/A 
0 to 150 S 
0 to 280 L 
0 to 510 U 

0.07 30 

-50 to -84 API Sand 61.1 38-41   125 

-84 to -105 Stiff Clay with Free 
Water 62.0  1,864 to 2,646 L 

2,023 to 2,775 U 0.03 1,000 static 400 
Cyclic 

-105 to -150 API Sand 61.1 38-41   175 

North 
Mooring 
Dolphin 

-32 to -54 
Soft Clay with Free 

Water (Tidal Deposits 
and dredge fill) 

38.4 N/A 
0 to 150 S 
0 to 519 L 
0 to 655 U 

0.10 30 

-54 to -89.5 API Sand 61.1 38-41   125 

-89.5 to -109.5 Stiff Clay with Free 
Water 62.0  2,011 to 2,756 L 

2,236 to 2,650 U 0.03 1,000 static 400 
Cyclic 

-109.5 to -130 API Sand 61.1 38-41   175 
Notes: 

S: Seismic Loading  
L: Lower Bound 

 U: Upper bound 
 
• All values are nominal. 
• The recommended values above are for 36-inch diameter pipe piles.DRAFT D
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Downward Pile Capacity:  The downward capacity of the 36-inch diameter steel 
pipe piles was calculated using the computer software APILE (Ensoft 2018).  In 
our analysis, we assume a soil plug will start to develop inside the pipe piles at a 
penetration to diameter ratio of 20 (FHWA 2016).  Based on the information 
presented in Table 2, the lower bound pile ultimate capacity curves for a single 36-
inch diameter pile for each new structure are presented on Figures 8 through 10.    
The following notes should be taken into consideration when using the figures: 

• All curves were developed for nominal capacity (i.e., no load factor was used 
in calculating the capacity). 

• The downward capacity curves were developed for seismic loading conditions 
when the frictional resistance in the tidal deposits and dredge fill are temporarily 
loss due to liquefaction (i.e., resistance to downward load was derived only 
from the section of the pile embedded in the native alluvium). 

• The down drag load resulted from the settling soils as shown on the figures 
should be added to the design load. 

• The tension capacity curves were developed for service load condition. 

• No reduction in capacity is required if the piles are spaced at a minimum of 3 
times its diameter on center. 

• A safety of 2 is recommended for allowable stress design. 

• The equivalent spring constant shown is applicable for both service loading and 
seismic loading. 

Lateral Load Capacity:  As requested by Atkins, p-y curves were developed along 
the piles for analyzing the response of the piles under lateral loads.  The p-y curves 
coordinates at each new structure locations are included in Appendix D, p-y Curves 
Coordinates. 

In addition to develop the p-y curves for analyzing the response of the 36-inch pipe 
piles, we also evaluate the kinematic loading from displacement of the submarine 
slope due to seismic shaking for analyzing the pipe piles as well as the existing 24-
inch prestressed concrete piles.  Following the procedures described in the Wharf 
Design Manual (Long Beach 2015), the lateral displacement of the post-dredging 
submarine slope under the MCE was estimated to be on the order of 30 inches. 

DRAFT D
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5.2 Construction Consideration 

We recommend additional exploration be performed to determine the probable 
cause of drilling refusal encountered at Boring B-3-1 and the extent of refusal near 
the North Mooring Dolphin.  Based on the location of the boring relative to the 
existing Queen Mary rock dike, the proposed mooring dolphin may be located 
within the footprint of the dike.  Due to the relatively thick layer of dredge fill 
encountered in boring B-3-2 (i.e. approximately 50 feet ), relocating the North 
Mooring Dolphin to the vicinity of the boring is not recommended.  Additionally, it 
is recommended that an indicator pile program be performed during the 
exploration.  The program should include dynamic pile load test to verify the pile 
capacity, driving resistance, and drivability.  Prior to implementing the indicator pile 
program, a wave equation analysis should also be performed to select the proper 
pile-hammer system for driving the piles to the specified depth. 

Pile installation should be performed in accordance with the latest edition of 
Section 305 of the Standard Specifications for Public Works Construction, 
(“Greenbook”), 2015 Edition. 

 

DRAFT D
OCUMENT



Project No. 12096.001 

16 

6.0 LIMITATIONS 

This report was based solely on data obtained from a limited number of geotechnical 
exploration, and soil samples and tests.  Such information is, by necessity, incomplete.  
The nature of many sites is such that differing soil or geologic conditions can be present 
within small distances and under varying climatic conditions.  Changes in subsurface 
conditions can and do occur over time.  Therefore, the findings, conclusions, and 
recommendations presented in this report are only valid if Leighton has the opportunity 
to observe subsurface conditions during grading and construction, to confirm that our 
preliminary data are representative for the site.  Leighton should also review the 
construction plans and project specifications, when available, to comment on the 
geotechnical aspects. 

This report was prepared using the degree of care and skill ordinarily exercised, under 
similar circumstances, by reputable geotechnical consultants practicing in this or similar 
localities.  The findings, conclusion, and recommendations included in this report are 
considered preliminary and are subject to verification.  We do not make any warranty, 
either express or implied. 
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Geotechnical-Engineering Report
Important Information about This

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA) 
has prepared this advisory to help you – assumedly 
a client representative – interpret and apply this 
geotechnical-engineering report as effectively 
as possible. In that way, clients can benefit from 
a lowered exposure to the subsurface problems 
that, for decades, have been a principal cause of 
construction delays, cost overruns, claims, and 
disputes.  If you have questions or want more 
information about any of the issues discussed below, 
contact your GBA-member geotechnical engineer. 
Active involvement in the Geoprofessional Business 
Association exposes geotechnical engineers to a 
wide array of risk-confrontation techniques that can 
be of genuine benefit for everyone involved with a 
construction project. 

Geotechnical-Engineering Services Are Performed for 
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the specific 
needs of their clients. A geotechnical-engineering study conducted 
for a given civil engineer will not likely meet the needs of a civil-
works constructor or even a different civil engineer. Because each 
geotechnical-engineering study is unique, each geotechnical-
engineering report is unique, prepared solely for the client. Those who 
rely on a geotechnical-engineering report prepared for a different client 
can be seriously misled. No one except authorized client representatives 
should rely on this geotechnical-engineering report without first 
conferring with the geotechnical engineer who prepared it. And no one 
– not even you – should apply this report for any purpose or project except 
the one originally contemplated.

Read this Report in Full
Costly problems have occurred because those relying on a geotechnical
engineering report did not read it in its entirety. Do not rely on an 
executive summary. Do not read selected elements only. Read this report 
in full.

You Need to Inform Your Geotechnical Engineer 
about Change
Your geotechnical engineer considered unique, project-specific factors 
when designing the study behind this report and developing the 
confirmation-dependent recommendations the report conveys. A few 
typical factors include: 
•	 the client’s goals, objectives, budget, schedule, and 
	 risk-management preferences; 
•	 the general nature of the structure involved, its size, 		
	 configuration, and performance criteria; 
•	 the structure’s location and orientation on the site; and 
•	 other planned or existing site improvements, such as 		
	 retaining walls, access roads, parking lots, and 			
	 underground utilities. 

Typical changes that could erode the reliability of this report include 
those that affect:
•	 the site’s size or shape;
•	 the function of the proposed structure, as when it’s 		
	 changed from a parking garage to an office building, or 		
	 from a light-industrial plant to a refrigerated warehouse;
•	 the elevation, configuration, location, orientation, or 		
	 weight of the proposed structure;
•	 the composition of the design team; or
•	 project ownership.

As a general rule, always inform your geotechnical engineer of project 
changes – even minor ones – and request an assessment of their 
impact. The geotechnical engineer who prepared this report cannot accept 
responsibility or liability for problems that arise because the geotechnical 
engineer was not informed about developments the engineer otherwise 
would have considered. 

This Report May Not Be Reliable
Do not rely on this report if your geotechnical engineer prepared it:
•	 for a different client;
•	 for a different project;
•	 for a different site (that may or may not include all or a 		
	 portion of the original site); or 
•	 before important events occurred at the site or adjacent 		
	 to it; e.g., man-made events like construction or 		
	 environmental remediation, or natural events like floods, 	
	 droughts, earthquakes, or groundwater fluctuations.

Note, too, that it could be unwise to rely on a geotechnical-engineering 
report whose reliability may have been affected by the passage of time, 
because of factors like changed subsurface conditions; new or modified 
codes, standards, or regulations; or new techniques or tools. If your 
geotechnical engineer has not indicated an “apply-by” date on the report, 
ask what it should be, and, in general, if you are the least bit uncertain 
about the continued reliability of this report, contact your geotechnical 
engineer before applying it. A minor amount of additional testing or 
analysis – if any is required at all – could prevent major problems.

Most of the “Findings” Related in This Report Are 
Professional Opinions
Before construction begins, geotechnical engineers explore a site’s 
subsurface through various sampling and testing procedures. 
Geotechnical engineers can observe actual subsurface conditions only at 
those specific locations where sampling and testing were performed. The 
data derived from that sampling and testing were reviewed by your 
geotechnical engineer, who then applied professional judgment to 
form opinions about subsurface conditions throughout the site. Actual 
sitewide-subsurface conditions may differ – maybe significantly – from 
those indicated in this report. Confront that risk by retaining your 
geotechnical engineer to serve on the design team from project start to 
project finish, so the individual can provide informed guidance quickly, 
whenever needed. 



This Report’s Recommendations Are 
Confirmation-Dependent
The recommendations included in this report – including any options 
or alternatives – are confirmation-dependent. In other words, they are 
not final, because the geotechnical engineer who developed them relied 
heavily on judgment and opinion to do so. Your geotechnical engineer 
can finalize the recommendations only after observing actual subsurface 
conditions revealed during construction. If through observation your 
geotechnical engineer confirms that the conditions assumed to exist 
actually do exist, the recommendations can be relied upon, assuming 
no other changes have occurred. The geotechnical engineer who prepared 
this report cannot assume responsibility or liability for confirmation-
dependent recommendations if you fail to retain that engineer to perform 
construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a full-time member of the 
design team, to: 
•	 confer with other design-team members, 
•	 help develop specifications, 
•	 review pertinent elements of other design professionals’ 			 
	 plans and specifications, and 
•	 be on hand quickly whenever geotechnical-engineering 			 
	 guidance is needed. 
	
You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction 
observation.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 
conspicuously that you’ve included the material for informational 
purposes only. To avoid misunderstanding, you may also want to note 
that “informational purposes” means constructors have no right to rely 
on the interpretations, opinions, conclusions, or recommendations in 
the report, but they may rely on the factual data relative to the specific 
times, locations, and depths/elevations referenced.  Be certain that 
constructors know they may learn about specific project requirements, 
including options selected from the report, only from the design 
drawings and specifications. Remind constructors that they may 

perform their own studies if they want to, and be sure to allow enough 
time to permit them to do so. Only then might you be in a position 
to give constructors the information available to you, while requiring 
them to at least share some of the financial responsibilities stemming 
from unanticipated conditions. Conducting prebid and preconstruction 
conferences can also be valuable in this respect. 

Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. That lack of understanding has nurtured 
unrealistic expectations that have resulted in disappointments, delays, 
cost overruns, claims, and disputes. To confront that risk, geotechnical 
engineers commonly include explanatory provisions in their reports. 
Sometimes labeled “limitations,” many of these provisions indicate 
where geotechnical engineers’ responsibilities begin and end, to help 
others recognize their own responsibilities and risks. Read these 
provisions closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform 
a geotechnical-engineering study. For that reason, a geotechnical-
engineering report does not usually relate any environmental findings, 
conclusions, or recommendations; e.g., about the likelihood of 
encountering underground storage tanks or regulated contaminants. 
Unanticipated subsurface environmental problems have led to project 
failures. If you have not yet obtained your own environmental 
information, ask your geotechnical consultant for risk-management 
guidance. As a general rule, do not rely on an environmental report 
prepared for a different client, site, or project, or that is more than six 
months old.

Obtain Professional Assistance to Deal with Moisture 
Infiltration and Mold
While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, none of the engineer’s 
services were designed, conducted, or intended to prevent uncontrolled 
migration of moisture – including water vapor – from the soil through 
building slabs and walls and into the building interior, where it can 
cause mold growth and material-performance deficiencies. Accordingly, 
proper implementation of the geotechnical engineer’s recommendations 
will not of itself be sufficient to prevent moisture infiltration. Confront 
the risk of moisture infiltration by including building-envelope or mold 
specialists on the design team. Geotechnical engineers are not building-
envelope or mold specialists.

Copyright 2016 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly 
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