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1.0

INTRODUCTION

1.1

PURPOSE AND SCOPE

Tract 7728, Parcel C, Turk Island
Geotechnical Exploration

We prepared this geotechnical report to provide recommendations for the residential
development, Subdivision 7728 in Union, California. As outlined in our proposal dated
August 2, 2016, Nuvera Homes authorized ENGEO to prepare this report covering the following
topics:



Physical properties of the typical soil materials encountered at the subject site.



A discussion of geologic hazards and geotechnical constraints.



Seismic considerations presented by nearby faults, including California Building Code seismic
design criteria.



Recommended mitigation measures for identified geotechnical constraints identified in
ENGEO’s Geotechnical Options letter (2016), such as refuse excavation, groundwater level,
and stable ground surface to receive fill, etc.



Recommendations related to site preparation, grading and backfill of building service utilities.



Recommendations for suitable foundation, along with geotechnical design criteria and building
pad subgrade preparation.



Retaining wall design parameters.



Surface drainage.

Our scope of services did not include any environmental review or environmental studies of the
subject site.
This report was prepared for the exclusive use of our client and their consultants for design of this
project. In the event that any changes are made in the character, design or layout of the
development, we must be contacted to review the conclusions and recommendations contained
in this report to evaluate whether modifications are recommended. This document may not be
reproduced in whole or in part by any means whatsoever, nor may it be quoted or excerpted
without our express written consent.
1.2

PROJECT LOCATION AND PROPOSED DEVELOPMENT

The subject 6.1-acre site (Parcel C and commonly referred to as the “6-Acre Landfill”) is currently
part of the same site as the Turk Island Landfill (Parcel A). Parcel C is located at the northwest
quadrant of Westport Way and Carmel Way as shown on the Vicinity Map, Figure 1. The main
Turk Island Landfill is west of the site, a recreation area is north of the site, and residential
buildings are situated east and south of the site.
As shown on the site plan (Figure 2) by Ruggeri-Jensen-Azar, graded slopes are located along
the perimeter of site and are 5 to 12 feet high, and the relatively level portion of the site is situated
at an elevation of approximately 15 feet (NGVD 29, National Geodetic Vertical Datum of 1929) at
the northwestern corner rising to an elevation of 20 feet at the southern end of the site. The site
is presently covered with dense grasses. Minor debris was observed throughout the project site.
The site is fenced along the perimeter, and Westport Way has a wooden retaining wall up to
Page | 1
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approximately 3 to 4 feet in height. Based on the design drawings provided by the Union
Sanitation District (USD) and a technical memorandum prepared by Brown and Caldwell (2005),
two sewer force mains (32 and 39 inches in diameter) are located parallel to and along the western
boundary of the site within an existing 30-foot-wide access easement. The subject site is also
separated from the main large landfill by a Pacific Gas & Electric (PG&E) easement, which
contains overhead transmission lines.
As shown on Figure 2, the site is proposed to be subdivided into 33 single-family lots. An interior
loop, Streets A through C, will provide access to the site from Westport Way. The proposed grades
at the site vary from an elevation of 10 feet (NGVD 29) at the southeast corner of the site to
12.9 feet (NGVD 29) at the northern end. It is our understanding that all of the refuse within the
6-acre subject site will be removed and placed/spread onto Parcel A, the main landfill. The
resulting excavation will be raised to match the surrounding finish grades with engineered fill,
which will also be used to construct the proposed building pads. A sound wall with a short retaining
section is proposed along the northern property line.
1.3

SITE BACKGROUND

The 6-acre site was owned and operated by the Turk Island Company as a municipal solid waste
landfill beginning in 1962. During its lifetime, the typical wastes accepted were relatively dry inert
rubbish and demolition debris delivered by the general public and construction and demolition
contractors primarily from the Hayward, Fremont, and Union City areas. The landfill was closed
and capped in 1974.

2.0

FINDINGS

2.1

PREVIOUS FIELD EXPLORATIONS

Several field explorations were conducted previously at the subject site. We utilized the
exploratory points and data from the previous studies and investigations as described below and
as shown on the Site Plan, Figure 2.
The Remediation Group, Inc. excavated ten test pits in June 1997 and November 2000 throughout
the site. The test pit logs for TP-1 through TP-10 are included in Appendix B.
In 2002, as part of the field exploration for Turk Island landfill site (ENGEO, 2002), we excavated
three test pits (TPE-4 through TPE-6) within the subject site. The test pit logs are presented in
Appendix C.
Cornerstone Earth Group performed a preliminary geotechnical investigation in 2009 at the site
(Cornerstone, 2009) that included drilling two borings (EB-1 and EB-2) and advancing four cone
penetration test probes (CPT-1 through CPT-4). The logs of exploration points and related
laboratory test results are included in Appendix D.
2.2

FIELD EXPLORATIONS

Our field explorations included drilling three borings and advancing three cone penetration test
(CPT) soundings at various locations on the site as shown on Figure 2. We performed our field
exploration on November 29, 2016. We permitted and backfilled the borings and CPT test probes
in accordance with the requirements of Alameda County Water District (ACWD).
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Borings

Our staff geologist logged the subsurface conditions at each boring on November 29, 2016. The
approximate locations of the borings are shown on the Site Plan, Figure 2.
We retained a truck-mounted drill rig and crew to advance the borings using 6-inch-diameter
hollow-stem augers. The borings were advanced to depths ranging from 22 to 51½ feet below
existing grade. We retrieved soil samples at various intervals in the borings using a 3-inch
outside-diameter (O.D.) split-spoon sampler. The blow counts were obtained by dropping a
140-pound hammer through a 30-inch free fall. An automatic hammer was utilized. The
split-spoon sampler was driven 18 inches and the number of blows was recorded for each
6 inches of penetration. In addition, 2.5-inch inside-diameter (I.D.) samples were obtained using
a Modified California Sampler driven into the soil. Unless otherwise indicated, the blows per foot
recorded on the boring logs represent the accumulated number of blows to drive the last 1 foot of
penetration; the blow counts have not been converted using any correction factors, such as
overburden pressure, energy ratio, borehole diameter, rod length, and sampling method.
We used the field logs to develop the report logs in Appendix A. The logs contain the soil type,
color, consistency, and visual classification in general accordance with the Unified Soil
Classification System. The logs depict subsurface conditions at the exploration locations for the
date of exploration; however, subsurface conditions may vary with time.
2.2.2

Cone Penetration Test (CPT) Probes

We retained a CPT rig to push a cone penetrometer to a maximum depth of about 50 feet below
ground surface at the three locations shown on Figure 2. Three attempts were made at CPT-1 at
the southwest corner of the site, which met refusal at a depth of 6 to 8 feet below existing grade.
The CPT has a 20-ton compression-type cone with a 15-square-centimeter (cm2) base area, an
apex angle of 60 degrees, and a friction sleeve with a surface area of 225 cm 2. The cone,
connected with a series of rods, is pushed into the ground at a constant rate. Cone readings are
taken at approximately 5-cm intervals with a penetration rate of 2 cm per second in accordance
with ASTM D-5778-12. Measurements include the total cone resistance (qt), the sleve
resistance (fs), and penetration pore pressure (u) (Robertson et al., 1986). CPT logs are
presented in Appendix A.
2.3

GEOLOGY AND SEISMICITY

2.3.1

Geology

The subject site is located in the northeastern portion of the Santa Clara Valley, which is a
northwest-trending structural trough bounded on the southwest by the Santa Cruz Mountains and
the northeast by the Diablo Range. The site is situated on a low-lying, relatively flat portion of the
valley known as the Bay Plain in a marshland area adjacent to San Francisco Bay. The bay and
margin deposits typically consist of unconsolidated sediments deposited from marine and fluvial
interaction.
During the geologic development of the San Francisco Bay, more than 300 feet of fine-grained
sediments accumulated on the subsiding basin floor. These deposits are generally termed the
"Bay Muds". These deposits are thin near the edge of the bay, where they overlie and interfinger
with the alluvial deposits. As shown on Figure 3, the site is located in an area mapped as
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Quaternary basin deposits (Helley and Graymer, 1997). These are described as silty clay to clay
deposits at the edge of the alluvial fan adjacent to Bay Mud. Some of these deposits are
salt-effected from the interaction of the salt water from the San Francisco Bay.
Site investigations in Parcel A, the main landfill to the west of the subject site, have shown that
the landfill materials are underlain by 10 to 20 feet of soft clay known as “Young Bay Mud” in
Parcel A and 20 to 40 feet of a stiff, gray to greenish gray clay known as "Older Bay Mud.” Below
the Bay Mud, there are alternating layers of silty clay, sand, and gravel, which form the Newark
Aquifer. Bedrock in the site area is thought to be approximately 900 feet below sea level.
2.3.2

Seismicity

Numerous small earthquakes occur every year in the San Francisco Bay Region, and larger
earthquakes have been recorded and can be expected to occur in the future. Figure 4 shows the
approximate location of active and potentially active faults and significant historic earthquakes
mapped within the San Francisco Bay Region. An active fault is defined by the State as one that
has had surface displacement within Holocene time (about the last 11,000 years). The site is not
located within a currently designated Alquist-Priolo Earthquake Fault Zone and no known surface
expression of active faults is believed to exist within the site.
As discussed in detail in the previous reports (Peter Kaldveer Associates, 1985, and Harza, 1997),
the concealed northern portion of the Silver Creek fault is just east of the site. In addition, the
Silver Creek fault is also mapped near the eastern property line of the site by Bortugno (1991).
The Silver Creek fault is not zoned as an active fault by the California Division of Mines and
Geology (1982). Maps showing relative fault activity by Jennings and Bryant (2010) indicate that
the Silver Creek fault is Quaternary aged (shows evidence of displacement sometime in the last
1.6 million years).
In the vicinity of the project site, the northern portion of the Silver Creek fault is buried beneath
several hundred feet of sediment and shows no surface trace (Jachens et al., 2017). The
presence of the fault in the area has been indicated from geophysical studies and by a
groundwater flow barrier. Two earthquakes in 1903 may have been located in the general area,
but cannot be identified as being located on the Silver Creek fault or from another Bay Area fault
source. Work by Hitchcock and Brankman (2002) indicate that the southern portion of the Silver
Creek fault is potentially active and may rupture in secondary response to large earthquakes on
the nearby Hayward and Calaveras faults.
The site lies within a seismically active region. The table below summarizes known active and
potentially active regional faults within 15 miles of the subject property and their maximum
earthquake magnitudes.
TABLE 2.3.2-1: Active Faults Capable of Producing Significant Ground Shaking at the Site
DISTANCE FROM
SITE (MILES)

DIRECTION
FROM SITE

MAXIMUM MOMENT
MAGNITUDE

Hayward

4.5

Northwest

7.3

Calaveras
Monte Vista - Shannon
San Andreas

11
13
14

Northeast
Southwest
Southwest

7.0
6.5
8.0

FAULT NAME
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SUBSURFACE CONDITIONS

2.4

According to the previous and current exploration data, the site contains landfill materials over
alluvial and estuarine deposits. The landfill portion is comprised of a soil cover and refuse. The
landfill cover consists of sandy clay/clayey sand to silty sand and is approximately 3½ to 4½ feet
thick. The refuse consists of construction debris and house wastes. The landfill varies from about
10 feet thick at the northwest corner of the site to about 16 feet at the southeast corner. The
bottom of landfill refuse is approximately at a depth 14 feet below existing ground at the northwest
corner of the site to 20 feet below existing grade at the southeast corner. The native soils below
the refuse are comprised of silty clay interbedded with silty sand layers. The immediate layer of
native clay beneath the refuse, about 5 to 12 feet thick, is generally stiff to very stiff and moist.
The clayey deposit below this layer becomes saturated. The silty sand lenses are approximately
up to 3.5 feet thick and found at a depth of about 25 feet below the current grades.
The clayey soils found below or near the refuse have a Plasticity Index ranging from 6 to 10, which
indicates that they have a low expansion potential.
GROUNDWATER CONDITIONS

2.5

Groundwater was measured and observed in the previous exploratory points. In addition, we
observed static groundwater in several of our subsurface explorations. We summarize our
observations of groundwater in the table below:
TABLE 2.5-1: Groundwater Observations
DATE

APPROX. DEPTH
TO
GROUNDWATER
(FEET)

APPROX.
GROUNDWATER
ELEVATION
(FEET)

APPROX. LOCATION
RELATIVE TO THE BOTTOM
OF THE REFUSE
(FEET)

TP-2

6/11/97

16

3

N/A

TP-4

6/11/97

13½

3½

½ Above
N/A

EXPLORATION
LOCATION

TP-5

6/11/97

16

2¾

TP-6

11/3/00

15

3

2½ Above

TP-7

11/3/00

15

4

2½ Above

TP-9

11/3/00

16

3½

3 Above

TP-10

11/3/00

15

4

N/A

EB-1

10/7/09

17

1½

1 Above

EB-2

10/7/09

18

1

1 Above

1-B1

11/29/16

22

-5

4 Below

1-B2

11/29/16

25

-6

7 Below

1-B3

11/29/16

20

0

At

In addition, the groundwater level within a monitoring well (MW-8), located just north of the site,
as shown on Figure 2, was measured from February 1995 through December 2014. The
groundwater table ranged from an elevation of -0.42 feet (NGVD 29) on October 18, 1998, to
5.46 feet on December 16, 2014. The measured groundwater is reported in Table 2 in Appendix E
(The Remediation Group, Inc.).
Fluctuations in the level of groundwater may occur due to variations in rainfall, irrigation practices,
time of year, and other factors not evident at the time measurements were made.
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LABORATORY TESTING

The laboratory test results are included on the borelogs in Appendix A. Individual test results are
presented in Appendix A. We performed laboratory tests on selected soil samples to evaluate the
following physical characteristics:
TABLE 2.6-1: Laboratory Testing
TEST

DESIGNATION

LOCATION OF RESULTS

Natural Unit Weights and Moisture Contents

ASTM D2216

Atterberg Limits

ASTM D4318

Appendix A
Appendix A

Gradation

ASTM D422

Appendix A

3.0

CONCLUSIONS

From a geotechnical engineering viewpoint, it is our professional opinion that the proposed project
may be designed and constructed as planned provided that the geotechnical recommendations
in this report are properly incorporated into the design plans and specifications.
The primary geotechnical concerns that could potentially affect the planned development are the
liquefaction potential of the underlying sand lenses, the presence of landfill materials,
consolidation of clayey soil materials, groundwater, preparation of the native materials at the base
of the excavation prior to engineered fill placement, and characteristics of the imported fill
materials. We summarize our conclusions below.
3.1

SEISMIC HAZARDS

Potential seismic hazards resulting from a nearby moderate to major earthquake can generally
be classified as primary and secondary. The primary effect is ground rupture, also called surface
faulting. The common secondary seismic hazards include ground shaking, and ground lurching.
The following sections present a discussion of these hazards as they apply to the site. Based on
topographic and lithologic data, the risk of regional subsidence or uplift, landslides, tsunamis,
seiches is considered low to negligible at the site.
3.1.1

Ground Rupture

Since there are no known active faults crossing the property and the site is not located within an
Earthquake Fault Special Study Zone, it is our opinion that ground rupture is unlikely at the subject
property.
3.1.2

Ground Shaking

An earthquake of moderate to high magnitude generated within the San Francisco Bay Region
could cause considerable ground shaking at the site, similar to that which has occurred in the
past. To mitigate the shaking effects, structures should be designed using sound engineering
judgment and the 2016 California Building Code (CBC) requirements, as a minimum. Seismic
design provisions of current building codes generally prescribe minimum lateral forces, applied
statically to the structure, combined with the gravity forces of dead-and-live loads. The
code-prescribed lateral forces are generally considered to be substantially smaller than the
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comparable forces that would be associated with a major earthquake. Therefore, structures
should be able to: (1) resist minor earthquakes without damage, (2) resist moderate earthquakes
without structural damage but with some nonstructural damage, and (3) resist major earthquakes
without collapse but with some structural as well as nonstructural damage. Conformance to the
current building code recommendations does not constitute any kind of guarantee that significant
structural damage would not occur in the event of a maximum magnitude earthquake; however,
it is reasonable to expect that a well-designed and well-constructed structure will not collapse or
cause loss of life in a major earthquake (SEAOC, 1996).
3.1.3

Liquefaction and Lateral Spreading

The site is located within a State of California Seismic Hazard Zone (California Geologic Survey
Staff, 2003) for areas that may be susceptible to liquefaction. Soil liquefaction results from loss of
strength during cyclic loading, such as imposed by earthquakes. Soils most susceptible to
liquefaction are clean, loose, saturated, uniformly graded fine sands below the groundwater table.
Empirical evidence indicates that loose to medium dense gravels, silty sands, low-plasticity silts,
and some low-plasticity clays are also potentially liquefiable.
As described previously, layers of sandy soil below the groundwater table were encountered in
our exploration locations. We performed a detailed liquefaction potential analysis of the CPT
soundings to estimate liquefaction potential using the computer software CLiq Version 2.0
developed by GeoLogismiki. The procedure used in the software is based on the procedure by
Boulanger and Idriss (2014). The Cyclic Stress Ratio (CSR) was estimated for a Peak Ground
Acceleration (PGA) value of 0.6g, where g is the acceleration due to gravity, as outlined in the
ASCE 7-10 (ASCE, 2010) and moment magnitude of 7.3. We evaluated the liquefaction potential
for the soils encountered below the assumed water table.
Clay-like (cohesive) soils can also develop pore pressures during cyclic loading, but generally do
not reach zero effective stress and are typically considered non-liquefiable (Robertson, 2009).
However, clay-like soils can deform during cyclic earthquake loading and experience volumetric
strains and post-earthquake reconsolidation. The volumetric strains for clay-like soils are
generally small compared to cohesionless soils (sand-like), since clay-like soils often retain some
original soil structure. Clay reconsolidation was estimated using the program Cliq.
We calculated potential liquefaction-induced settlement estimates using the program Cliq. The
procedures used in Cliq are based on the methods published by Zhang, G., Robertson, P.K., and
Brachman, R. (2002). Since some of the granular materials were characterized as medium dense
and potentially liquefiable and some fine-grained soil is susceptible to soil softening, we estimate
the total liquefaction-induced settlements across the site to be less than 2 inches. Differential
settlement during a liquefaction event is expected to be less than 1 inch (SCEC, 1999). We
recommend that the residential foundations be designed to accommodate these potential
settlements.
Lateral spreading is the horizontal movement of soil on top of liquefied granular or sandy soils
induced by strong seismic shaking. Lateral spreading can cause severe cracking and differential
displacement of the ground surface. Areas most susceptible to lateral spreading are
unengineered man-made fill and loose cohesionless alluvial deposits along streams and
channels. In our opinion, lateral spreading is unlikely at this site since the potential-liquefiable soil
layers encountered are localized.
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EXISTING LANDFILL COVER AND REFUSE

As discussed previously, the existing landfill cover and refuse will be removed. It is our
understanding that the refuse will be placed on Parcel A, the main landfill. The landfill cover
consists of clayey sand and sandy clay. Provided that this landfill cover is not otherwise
contaminated, it can be reused as engineered fill.
3.3

IMPORTED SOIL

It is our understanding that the existing refuse, approximately 10 to 16 feet thick, will be removed
and replaced by engineered fill ranging from appropriately 7 to 10 feet thick
Prior to fill importation, the proposed soil material should be delivered to us for laboratory testing.
We expect that the residential buildings will be supported on post-tensioned mats. Our foundation
recommendations will be provided based on the characteristics of the imported soil materials.
Preliminary/conceptual recommendations for the post-tensioned mats are provided later in this
report.
3.4

CONSOLIDATION

Saturated clayey soils were encountered below the waste materials. Settlement at the site could
be generated from consolidation of the saturated clayey deposits due to loads imposed by the
new fills and residential foundation.
The total thickness of the landfill cover and refuse located within the site is 14 to 20 feet. It is our
understanding that the landfill cover and refuse will be removed. According to the grading plan,
the majority of the site will be lowered by about 2.5 to 9 feet. Based on the results of the laboratory
tests on the saturated clayey soils by Cornerstone (2009), these saturated clayey soils are
considered normally consolidated. It is anticipated that the residences will be relatively light oneor two-story wood-frame buildings. In the area where the thickest refuse is located, the settlement
due to new fill and building loads will be minimal to minor since those areas have already been
subject to surcharge loading due to the refuse that has been in place for nearly 40 years. Based
on our calculations, settlement due to the new fills and building loads is expected to be less than
1½ inches for the majority of the site.
However, the lots along the perimeter of the site may settle up to 3 inches. Therfore, differential
settlement of 1½ inches is estimated over a distance of 50 feet at the lots along the perimeter of
the site. Foundations should be designed to accommodate the expected movements. As an
alternative, surcharging the lots along the perimeter may be possible. However, during the
surcharging process, existing site improvements along the perimeter should be monitored.
3.5

FLOODING

According to the Flood Insurance Rate Map (FIRM) by Federal Emergency Management Agency
(2008), the subject site is mapped as a special flood hazard area subject to inundation by the 1%
annual chance flood (Zone AE) with base flood elevation determined at Elevation of 10 feet.
According to the preliminary grading and utility plan (Sheet TM4.0, dated December 2016) by
Ruggeri-Jensen-Azar, the pad grade for the site ranges from 10 to 12.9 feet. The project Civil
Engineer should evaluate the flooding potential of the site.
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EXCAVATABILITY

It is our understanding that excavation of the test pits at the site did not encounter any problems.
Refusal was met during our field explorations at 1-CPT1 location. It appears that concrete slabs
were encountered while advancing the CPT probes. However, it is our opinion that conventional
grading and backhoe equipment will likely be able to excavate the existing landfill cover, refuse,
and native soils. Some oversized materials should be expected.
We provide the above excavatability information for general planning purposes only. This
information is not intended for bidding purposes.
3.7

STATIC GROUNDWATER AND PERCHED WATER

As discussed in previous section, the previous encountered groundwater at the site is generally
1 to 3 feet above the base of the refuse. However, the perched groundwater was observed to be
4 to 7 feet below the refuse in the 2016 borings. This could be due to the drought that was
prevalent prior to the current winter and/or because the static water had not stabilized within the
borings. Groundwater or perched water may be encountered above the bottom of the refuse. This
appears to be more pronounced in the winter and spring. Some minor dewatering may be required
during the landfill refuse removal.
3.8

2016 CBC SEISMIC DESIGN PARAMETERS

The 2016 CBC utilizes design criteria set forth in the 2010 ASCE 7 Standard. Based on the
subsurface conditions encountered, we characterized the site as Site Class E in accordance with
the 2016 CBC. We provide the 2016 CBC seismic design parameters in Table 3.8-1 below, which
include design spectral response acceleration parameters based on the mapped Risk-Targeted
Maximum Considered Earthquake (MCER) spectral response acceleration parameters.
TABLE 3.8-1: 2013 CBC Seismic Design Parameters, Latitude: 37.57633 Longitude: 122.08275
PARAMETER

VALUE

Site Class

E

Mapped MCER Spectral Response Acceleration at Short Periods, SS (g)

1.54

Mapped MCER Spectral Response Acceleration at 1-second Period, S1 (g)

0.61

Site Coefficient, FA

0.9

Site Coefficient, FV

2.4

MCER Spectral Response Acceleration at Short Periods, SMS (g)

1.39

MCER Spectral Response Acceleration at 1-second Period, SM1 (g)

1.46

Design Spectral Response Acceleration at Short Periods, SDS (g)

0.92

Design Spectral Response Acceleration at 1-second Period, SD1 (g)

0.97

Mapped MCE Geometric Mean (MCEG) Peak Ground Acceleration, PGA (g)

0.60

Site Coefficient, FPGA

0.90

MCEG Peak Ground Acceleration adjusted for Site Class effects, PGAM (g)

0.54

Long period transition-period, TL

12 sec
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SLOPE STABILITY ANALYSES OF THE MAIN LANDFILL

3.9

As discussed in an earlier section, the existing landfill cover and refuse within the subject site will
be removed and placed on Parcel A, the main landfill. It is our understanding from the report by
the Remediation Group, Inc. (2016) that some of the excavated material, about 17,000 cubic
yards, will be placed on the northern lobe of Parcel A. The crown of the northern lobe will be
regraded to an approximate elevation of 58 feet raising from the existing grade with a 5 percent
positive gradient. The regraded area will consist of approximately 9 acres with a maximum new
fill thickness of 4 feet.
The remaining material, about 158,000 cubic yards, will be placed on the southern lobe of the
main landfill, approximately 13 acres in area. The area will be graded from an elevation of 40 feet
at a slope gradient of 5:1 (horizontal:vertical) to 50 feet and at a 5 percent gradient to an elevation
of 64 feet.
3.9.1

Soil Profiles and Design Shear Strengths

Two critical cross sections were used in our slope stability analyses; one section was drawn
through the north lobe of Parcel A and one section was drawn through the south lobe of the main
landfill. The soil profiles of these sections were based on the existing borings from Terratech
(1984) and ENGEO (2002). The soil profiles are included in the results of the slope stability
analyses in Appendix F.
The design shear strengths for the materials were based on the test results in the reports from
Terratech (1984) and ENGEO (2002). The selected shear strength of the refuse is from the paper
“Shear Strength of Municipal Solid Waste” by Bray et al. (2009). According to the paper, the
dynamic shear strength of the refuse can be estimated to be a minimum of 20 percent greater
than the static strength. The design shear strengths used in the slope stability analyses are
summarized in the following table.
TABLE 3.9.1-1: Summary of Design Shear Strengths
UNIT WEIGHT
(PCF)

STATIC
CONDITION
C’

STATIC
CONDITION
ϕ’

SEISMIC
CONDITION
C’ or Su or Sr

SEISMIC
CONDITION
ϕ’

Soil Cover

120

200

26

1,100

0

Refuse

70

300

31

360

37

Young Bay Mud

100

0

25

400

0

Consolidatd Young Bay Mud

115

0

25

1,100

0

Liquefiable Sand

120

0

30

500

0

Old Bay Mud

115

200

26

1,300/1,600

0

MATERIAL

Note: C’ = Effective Cohesion (psf)
ϕ’ = Effective Friction Angle (degrees)
Su = Undrained Shear Strength (psf)
Sr = Residual Undrained Shear Strength (psf)

3.9.2

Method of Analysis

Thorough geotechnical evaluation of slope stability requires careful assessment of all the input
parameters along with the selected method of analysis . We selected the computer program
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SLIDE (Version 7.009) by Roc Science, which is a limit equilibrium analyses program that allows
a search routine to locate the minimum factor of safety and critical slip surface.
In evaluating the stability of slopes under seismic conditions, we used a “pseudostatic” method of
analysis. For the past 50 years, this has been the standard method of evaluating the stability of
earth embankments against sliding during earthquakes. The pseudostatic method models the
effects of transient or pulsating earthquake loading on a potential slide mass by using an
equivalent sustained horizontal force that is the product of a seismic coefficient and the weight of
the potential slide mass. The slope is first analyzed to establish the minimum factor of safety
under static conditions. Once this minimum failure surface is located, an additional horizontal
force acting in the direction of potential failure is imposed on the sliding mass. This additional
force is equal to the soil mass multiplied by a seismic coefficient of horizontal acceleration.
In Note 48 (California Geologic Survey, 2013), which is used for Public Schools, Hospitals, and
Essential Services Buildings, it advises the procedure recommended in SP117A (California
Geologic Survey, 2008) in addition to using a design-level ground motion based on geometric
mean and without risk coefficient (i.e. PGAM/1.5). PGAM was previously determined during the
development of the site-specific response spectra to be 0.54g. The PGAM is then divided by 1.5
to yield a design-level PGA of 0.36g. SP117A states that slopes that have a pseudo-static factor
of safety greater than 1.0 using a seismic coefficient derived from the screening analysis
procedure of Stewart and others (2003) can be considered stable. The pseudostatic coefficient
used was determined to be 0.4PGA (0.14g) based on an acceptable displacement of
15 centimeters (approximately 6 inches) as recommended by Blake and others (2002) and
Stewart and others (2003) and moment magnitude of 7.3.
3.9.3

Anaylsis Results

The acceptable minimum factor of safety is 1.5 for static and 1.0 for pseudostatic condition. The
following table provide the summary of the analysis results.
TABLE 3.9.3-1: Summary of Slope Stability Analyses

4.0

LOCATION

STATIC

PSEUDOSTATIC
(0.14g)

Section 1, North Lobe

2.3

1.2

Section 2, South Lobe

1.9

1.1

CONSTRUCTION MONITORING

Our experience and that of our profession clearly indicate that the risk of costly design,
construction, and maintenance problems can be significantly lowered by retaining the design
geotechnical engineering firm to:
1. Review the final grading and foundation plans and specifications prior to construction to
evaluate whether our recommendations have been implemented, and to provide additional or
modified recommendations, as needed. This also allows us to check if any changes have
occurred in the nature, design or location of the proposed improvements and provides the
opportunity to prepare a written response with updated recommendations.
2. Perform construction monitoring to check the validity of the assumptions we made to prepare
this report. Earthwork operations should be performed under the observation of our
Page | 11

April 6, 2017

Nuvera Homes
4209.000.000

Tract 7728, Parcel C, Turk Island
Geotechnical Exploration

representative to check that the site is properly prepared, the selected fill materials are
satisfactory, and that placement and compaction of the fills has been performed in accordance
with our recommendations and the project specifications. Sufficient notification to us prior to
earthwork is important.
If we are not retained to perform the services described above, then we are not responsible for
any party’s interpretation of our report (and subsequent addenda, letters, and verbal discussions).

5.0

EARTHWORK RECOMMENDATIONS

We anticipate that the site work will consist of landfill refuse removal and fill placement to establish
drainable grades related to the proposed residential building construction.
Prior to site grading, a notification of at least 48 hours is needed in order for ENGEO to coordinate
its schedule with the contractor. Grading operations should meet the requirements of the
Supplemental Recommendations included in Appendix G and must be observed and tested by
ENGEO's field representative.
Ponding of stormwater should not be permitted in the areas of new construction and
improvements at the site, particularly during work stoppage for rainy weather. Before the
construction is halted by rain, positive slopes should be provided to direct the surface runoff water
in a controlled manner.
5.1

EXISTING REFUSE REMOVAL

As discussed previously, the landfill cover is approximately 3½ to 4½ feet thick and the landfill
refuse varies from about 10 feet thick at the northwest corner of the site to about 16 feet at the
southeast corner. The bottom of landfill refuse is approximately 14 feet below existing ground at
the northwest corner of the site to 20 feet below existing grade at the southeast corner. The refuse
should be entirely removed to expose the native soil material. The removed refuse will be placed
on Parcel A, the main landfill, located west of the subject site.
The lateral extent of the solid waste has not been fully characterized. A determination of the limits
of the waste on the west side of the site, within the USD force main easement, will be made in
the future, when weather permits, by excavating test pits along the piping alignment and
documenting the results of that exploration with a letter report. These test pits will also be directed
at determining the as-built and existing conditions of the force mains. However, based on a review
of information provided by the USD in Brown and Caldwell’s memo (2005), the force mains appear
to have been installed below any refuse and properly backfilled with engineered fill. Consequently,
it should be possible to remove the refuse within the easement without impacting the force mains
using careful conventional excavation techniques. These tentative conclusions will be confirmed
with the planned additional field studies. If refuse is found in closer proximity to the force mains
than what is anticipated, our supplemental report will identify measures to provide additional
protection to the piping while the refuse is removed. These measures may include restricted haul
routes, specifying minimum cover thicknesses over the pipes based on the expected loading,
methods to bridge over the lines such as with trench plates, and shoring if thought to be needed.
To the extent that waste removal requires excavation near any nearby existing improvement, the
excavations should be performed with suitable side slopes and possibly shoring. The existing
improvements should be protected by the contractor.
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UNDERLYING NATIVE CLAY

The preparation of the native clayey soils to receive fill and the subsequent placement of the lower
portions of the engineered fill will require close cooperation between the grading contractor and
the Geotechnical Engineer. The goal of this effort will be to carefully place the initial lift of imported
fill without unduly disturbing or weakening the underlying softer clay soils. The quality of this
interface will be critical in achieving an adequate engineered fill to form the foundation for the
planned construction.
The means and methods to do this are best left to the grading contractor. However, techniques
and methods that may be considered alone or in combination may include:
a. Use of rock, filter fabric, stabilizing fabric, and/or geogrid where needed in localized areas.
b. Minor dewatering to remove water that may be exposed near the base of the refuse. This
could be a simple as shallow trenches and sumps.
c. Lime treatment to strengthen and dry up the native soils. However, sulfate testing should be
conducted on the underlying native soil material to confirm the effectiveness of the lime
treatment.
d. Use of wide track-low pressure equipment when operating near the base of the refuse.
The best means to evaluate the measures needed to initiate the placement of the engineered fill
at the site could be determined with one or more test sections, where the refuse would be removed
in a large enough area to evaluate the use of techniques that would attempted during actual
grading.
5.3

DIFFERENTIAL FILL THICKNESS

Differential building movements may result from conditions where building pads are underlain by
significantly different thicknesses of fill. We recommend that the differential fill thickness across
any lot be no greater than 10 feet. Based on current planning, it appears that this will not be a
consideration at this site. However, if this condition does occur, local subexcavation of soil
material and replacement with compacted fill may be needed.
5.4

ACCEPTABLE FILL

With the exception of organically contaminated soil containing more than 2 percent organics and
environmentally contaminated soils, the site soils are suitable for use as engineered fill. We
expect that the soil cap may be suitable to reuse as engineered fill. However, it is our
understanding that the current plan is to remove the existing onsite soil cover and the underlying
refuse for transport to Parcel A. The removed refuse will be used placed on selected portions of
the existing large landfill (Parcel A) and capped with the imported clay soil cover.
Imported soil will be imported to fill the depression resulting from refuse removal. Import materials
should conform to Supplemental Recommendations in Appendix G and must be approved by the
Geotechnical Engineer. A sample of such material should be submitted to the
Geotechnical Engineer for evaluation by laboratory testing prior to delivery at the site.
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FILL COMPACTION

The following compaction control requirements should be anticipated for onsite clayey soil
materials:
Test Procedures:

ASTM D1557.

Required Moisture Content:

Not less than 4 percentage points above optimum
moisture content.

Minimum Relative Compaction:

Not less than 90 percent.

The following compaction control requirements should be anticipated for imported fill:
Test Procedures:

ASTM D1557.

Required Moisture Content:

Not less than 5 percentage points above optimum
moisture content for soil material with Plasticity
Index (PI) > 15.
Not less than 3 percentage points above optimum
moisture content for soil material with (PI) <= 15.

Minimum Relative Compaction:

Not less than 90 percent.

Relative compaction refers to the in-place dry density of soil expressed as a percentage of the
maximum dry density of the same material. These specifications are preliminary and may be
revised depending on the characteristics of the import fill.
It is important that all site preparations be done under the observation of a Geotechnical
Engineer’s field representative. The Geotechnical Engineer’s field representative should observe
all construction area preparation, including demolition and stripping following the
recommendations contained in the Supplemental Recommendations in Appendix G. The final
construction plans should be submitted to the Geotechnical Engineer for review.
5.5.1

Underground Utility Backfill

It is recommended that utility trench backfilling be done under the observation of a
Geotechnical Engineer. Pipe zone backfill (material beneath and immediately surrounding the
pipe) may consist of a well-graded import or native material less than ¾ inch in maximum
dimension compacted in accordance with recommendations provided above for engineered fill.
Trench zone backfill (material placed between the pipe zone backfill and the ground surface) may
consist of native soil compacted in accordance with recommendations for engineered fill.
Where import material is used for pipe zone backfill, we recommend it consist of fine- to
medium-grained sand or a well-graded mixture of sand and gravel and that this material not be
used within 2 feet of finish grades. In general, uniformly graded gravel should not be used for pipe
or trench zone backfill due to the potential for migration of: (1) soil into the relatively large void
spaces present in this type of material, and (2) water along trenches backfilled with this type of
material. All utility trenches entering buildings and paved areas must be provided with an
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impervious seal consisting of native materials or concrete where the trenches pass under the
building perimeter or curb lines. The impervious plug should extend at least 3 feet to both sides
of the crossing. This is to prevent surface-water percolation into the sands under foundations and
pavements where such water would remain trapped in a perched condition, allowing clays to
develop their full expansion potential.
Care should be exercised where utility trenches are located beside foundation areas. Utility
trenches constructed parallel to foundations should be located entirely above a plane extending
down from the lower edge of the footing at an angle of 45 degrees. Utility companies and
Landscape Architects should be made aware of this information.
Compaction of trench backfill by jetting should not be allowed at this site. If there appears to be a
conflict between City or other agency requirements and the recommendations contained in this
report, this should be brought to the Owner’s attention for resolution prior to submitting bids.
5.6

SLOPES

Proposed fill slopes can be constructed at a gradient of 2:1 (horizontal:vertical) and up to 10 feet
high. The contractor is responsible to construct temporary construction slopes in accordance with
the excavationrequirements by the Division of Occupational Safety and Health (DOSH), also
known as Cal/OSHA.
5.7

SITE DRAINAGE

The project civil engineer is responsible for designing surface drainage improvements. With
regard to geotechnical engineering issues, we recommend that finish grades be sloped away from
buildings and pavements to the maximum extent practical to reduce the potentially damaging
effects of expansive soil. The latest California Building Code Section 1804.3 specifies minimum
slopes of 5 percent away from foundations for a distance of 10 feet. Where lot lines or surface
improvements restrict meeting this slope requirement, we recommend that specific drainage
requirements be developed. As a minimum, we recommend the following:
1. Discharge roof downspouts into closed conduits and direct away from foundations to
appropriate drainage devices.
2. Consider the use of rear lot surface drainage collection systems to reduce overland surface
drainage from back to front of lot.
3. Do not allow water to pond near foundations, pavements, or exterior flatwork.
5.8

STORMWATER BIORETENTION AREAS

We reviewed the plans from Ruggeri-Jensen-Azar (2016) that include both on-lot biotention and
roadway-adjacent park strip bioretention for streets and other public areas. The materials within
bioretention basins will consist of 18 inches of bio-treatment soil over 12 inches of Caltrans Class
2 permeable material and an impermeable membrane. The filter material should be compacted
to between 85 and 90 percent relative compaction (ASTM D1557, latest edition). The
impermeable membrane should be at least 15 mils thick, such as Stego Wrap or approved
equivalent. A 4-inch-diameter perforated subdrain will be placed at the bottom of the bioretention
area. The park strip bioretention basins will be constructed adjacent to the asphalt paving. It is
our opinion that the curb should be constructed with a deepened edge, extending at least 2 inches
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below the aggregate base of the pavement In addition, if trees are to be planted within bioretention
areas, HDPE Tree Boxes that extend below the bottom of the bioretention system should be
installed to reduce potential impact to subdrain systems that may be part of the bioretention area
design. For this condition, the waterproofing system should be connected to the HPDE Tree Box
with a waterproof seal.
It should be noted that the contractor is responsible for conducting all excavation and shoring in
a manner that does not cause damage to adjacent improvements during construction and future
maintenance of the bioretention areas. As with any excavation adjacent to improvements, the
contractor should reduce the exposure time such that the improvements are not detrimentally
impacted.
Given the nature of bioretention systems and possible proximity to improvements, we recommend
ENGEO be retained to review design plans and provide testing and observation services during
the installation of linings, compaction of the filter material, and connection of designed drains.
LANDSCAPING CONSIDERATION

5.9

We recommend greatly restricting the amount of surface water infiltration near structures,
pavements, flatwork, and slabs-on-grade. This may be accomplished by:


Selecting landscaping that requires little or no watering, especially within 3 feet of structures,
slabs-on-grade, or pavements.



Using low precipitation sprinkler heads.



Regulating the amount of water distributed to lawn or planter areas by installing timers on the
sprinkler system.



Providing surface grades to drain rainfall or landscape watering to appropriate collection
systems and away from structures, slabs-on-grade, or pavements.



Preventing water from draining toward or ponding near building foundations, slabs-on-grade,
or pavements.



Avoiding open planting areas within 3 feet of the building perimeter.

We recommend that these items be incorporated into the landscaping plans.

6.0

PRELIMINARY FOUNDATION RECOMMENDATIONS

6.1

POST-TENSIONED MAT FOUNDATIONS

We recommend that the proposed single-family residential structures be supported on
post-tensioned (PT) mat foundations bearing on prepared engineered fill.
For planning purposes, if subgrade fill is granular in nature and with a Plasticity Index (PI) of 15
or less, 10- to 11-inch-thick post-tensioned mat foundations would likely be appropriate at the site.
If the imported subgrade fill is clayey in nature with a high PI, the mat thickness should be
expected to be in the 12- to 14-inch-thick range. Laboratory testing should be conducted on the
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actual subgrade soils and based on the laboratory test results, design soil parameters will be
provided.
The Structural Engineer should determine the actual PT mat thickness using the geotechnical
recommendations; we defer to the professional judgment of the Structural Engineer on the
necessary mat thickness. ENGEO should be retained to review the PT mat foundation design.
PT mats may be designed for an average allowable bearing pressure of up to 1,000 pounds per
square foot (psf) for dead-plus-live loads with maximum localized bearing pressures of 1,500 psf
at column or wall loads. Allowable bearing pressures can be increased by one-third for wind or
seismic loads. The PT mat design should follow the procedure presented by the Post-Tensioning
Institute “Design of Post-Tensioned Slabs-on-Ground” Third Edition, including appropriate
addenda (2004).
The PT mats should be provided with an underlying moisture reduction system as recommended
below. In addition, moisture conditioning of the building foundation subgrade should be
anticipated. Suitable recommendations will be provided in this regard when foundation design
parameter are developed. The subgrade should not be allowed to dry prior to concrete placement.
We also recommend that ENGEO be retained to observe the pre-pour moisture conditions to
check that our report recommendations have been followed.
6.1.1

Settlement

Provided our report recommendations are followed, we have estimated settlement due to
liquefaction and consolidation in Sections 3.1.3 and 3.4, respectively. Foundation design should
consider both settlement mechanisms.
6.1.2

Slab Moisture Vapor Reduction

When buildings are constructed with concrete slab-on-grade, such as post-tensioned mats, water
vapor from beneath the slab will migrate through the slab and into the building. This water vapor
can be reduced but not stopped. Vapor transmission can negatively affect floor coverings and
lead to increased moisture within a building. When water vapor migrating through the slab would
be undesirable, we recommend the following to reduce, but not stop, water vapor transmission
upward through the slab-on-grade.
1.

Install a vapor retarder membrane directly beneath the slab. Seal the vapor retarder at all
seams and pipe penetrations. Vapor retarders shall conform to Class A specifcations in
ASTM E1745, latest edition, “Standard Specification for Plastic Water Vapor Retarders used
in Contact with Soil or Granular Fill under Concrete Slabs”.

2.

Concrete shall have a concrete water-cement ratio of no more than 0.50.

3.

Provide inspection and testing during concrete placement to check that the proper concrete
and water cement ratio are used.

The structural engineer should be consulted as to the use of a layer of clean sand or pea gravel
(less than 5 percent passing the U.S. Standard No. 200 Sieve) placed on top of the vapor retarder
membrane to assist in concrete curing.
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SLABS-ON-GRADE

This section provides guidelines for secondary slabs such as exterior walkways, and steps.
Secondary slabs-on-grade should be constructed structurally independent of the foundation
system. This allows slab movement to occur with a reduced potential for foundation distress.
Where secondary slab-on-grade construction is anticipated, care must be exercised in attaining
a near-saturation condition of the subgrade soil before concrete placement.
Secondary slabs-on-grade should be designed specifically for their intended use and loading
requirements. Cracking of conventional slabs should be expected as a result of concrete
shrinkage and possibly expansive soils at the site. Slabs-on-grade should be reinforced for control
of cracking, and frequent control joints should be provided to control the cracking. Such
reinforcement should be designed by the Structural Engineer. In our experience, welded wire
mesh may not be sufficient to control slab cracking. As a minimum, secondary slabs-on-grade
should be reinforced with No. 3 bars spaced 16 inches on center each way.
Secondary slabs-on-grade should have a minimum thickness of 4 inches. A 4-inch-thick layer of
clean crushed rock or gravel should be placed under slabs for clayey subgrade soils. The
4-inch-thick layer of underlayment may not be necessary if the subgrade soils consist of granular
materials. Exterior slabs should be constructed with thickened edges extending at least beneath
the crushed rock or gravel into compacted soil to reduce water infiltration. Slabs should slope
away from the buildings at a slope of at least 2 percent to prevent water from flowing toward the
building.

8.0

RETAINING WALLS

8.1

LATERAL SOIL PRESSURES

Short retaining walls are proposed along the northern perimeter of the site. Unrestrained walls,
should be designed with active pressure as provided below.
TABLE 8.1-1: Lateral Earth Pressures
BACKFILL SLOPE CONDITION

ACTIVE PRESSURE
(PCF)

Level

50

3:1

60

2:1

70

Passive pressures acting on foundations may be assumed as 250 pounds per cubic foot (pcf)
provided that the area in front of the retaining wall is level for a distance of at least 10 feet or
three times the depth of foundation, whichever is greater. The upper 1 foot of soil should be ignored
in passive resistance calculations.
The friction factor for sliding resistance may be assumed as 0.30. It is recommended that retaining
wall footings be at least 12 inches wide and founded a minimum of 24 inches below the lowest
adjacent finished grade. The footings may be designed using an allowable bearing pressure of
2,500 pounds per square foot (psf) in native firm materials or engineered fill. Appropriate safety
factors against overturning and sliding should be incorporated into the design calculations. The
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Geotechnical Engineer should be consulted on design values where surcharge loads such as from
automobiles are expected or where a downhill slope exists below a proposed wall.
8.2

RETAINING WALL DRAINAGE

The retaining walls should be provided with drainage facilities to prevent the buildup of hydrostatic
pressures. Wall drainage may be provided using a 4-inch-diameter perforated pipe embedded in
Caltrans Class 2 permeable material (Section 1.2.3C, Supplemental Recommendations), or
free-draining gravel surrounded by synthetic filter fabric. The drain rock should consist of washed,
crushed rock with 100 percent passing the ¾-inch sieve and less than 5 percent passing the No. 4
sieve. The thickness of the drain blanket should be at least 12 inches. As an alternative,
prefabricated synthetic wall drain panels can be used. The drain blanket should extend from the
bottom of the wall to about 1 foot below the finished grades at the top of the wall. The upper 1 foot
of wall backfill should consist of onsite compacted clayey soils. The drain pipe should have a
positive gradient of at least 1 percent toward the drainage facility. Drainage should be collected
by a perforated pipe and directed to an outlet approved by the Civil Engineer. Subdrainage pipe,
drain blanket and synthetic filter fabric should meet the minimum requirements as provided in the
Supplemental Recommendations.
8.3

BACKFILL

Backfill behind retaining walls should be placed and compacted in accordance with Section 5.5.
Use light compaction equipment within 5 feet of the wall face. If heavy compaction equipment is
used, the walls should be temporarily braced to avoid excessive wall movement.

9.0

PAVEMENT DESIGN

9.1

FLEXIBLE PAVEMENTS

Since the physical properties of the imported fill is unknown, we estimate the subgrade soils will
have a Resistance Value (R-value) of 5.0 for clayey subgrade soils. In addition, we estimate the
Traffic Indices (TI) for the site roads will be 5 and 6. Based on the assumptions above, we
developed the following recommended pavement sections using Topic 633 of the Caltrans
Highway Design Manual (including the asphalt factor of safety).
TABLE 9.1-1: Recommended Asphalt Concrete Pavement Sections
TRAFFIC INDEX

SECTION
HOT MIX ASPHALT
(INCHES)

CLASS 2 AGGREGATE BASE
(INCHES)

5

3.0

10.0

6

3.5

12.5

The civil engineer should determine the appropriate traffic indices based on the estimated traffic
loads and frequencies. The City of Union City requirements may result in more stringent pavement
sections.
Pavement construction and all materials should conform to the specifications and requirements of
the Standard Specifications by the Division of Highways, Department of Public Works, State of
California, latest edition, City of Union City requirements, and the following minimum requirements.
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All pavement subgrades should be scarified to a depth of 12 inches below finished subgrade
elevation, moisture conditioned to at least 4 percentage points above optimum, and compacted
to at least 90 percent relative compaction. This specification may be revised depending on the
characteristics of the import fill brought to the site.



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



Adequate provisions must be made such that the subgrade soils and aggregate base materials
are not allowed to become saturated.



Aggregate base materials should meet current Caltrans specifications for Class 2 aggregate
base and should be compacted to at least 95 percent of maximum dry density.



Asphalt paving materials should meet current Caltrans specifications for asphalt concrete.

9.2

CUT-OFF CURBS

Saturated pavement subgrade or aggregate base can cause premature failure or increased
maintenance of asphalt concrete pavements. This condition often occurs where landscape areas
directly abut and drain toward pavements. If pavement cutoff barriers are desired, they should be
considered where pavement areas lie downslope of any landscape areas that are to be
sprinklered or irrigated, and should extend to a depth of at least 4 inches below the base rock
layer. Cutoff barriers may consist of deepened concrete curbs or deep-root moisture barriers.
If reduced pavement life and greater than normal pavement maintenance are acceptable to the
owner, then the cutoff barrier may be eliminated.

10.0

LIMITATIONS AND UNIFORMITY OF CONDITIONS

This report presents geotechnical recommendations for design of the improvements discussed in
Section 1.2 for the proposed project. If changes occur in the nature or design of the project, we
should be allowed to review this report and provide additional recommendations, if any. It is the
responsibility of the owner to transmit the information and recommendations of this report to the
appropriate organizations or people involved in design of the project, including but not limited to
developers, owners, buyers, architects, engineers, and designers. The conclusions and
recommendations contained in this report are solely professional opinions and are valid for a
period of no more than 2 years from the date of report issuance.
We strived to perform our professional services in accordance with generally accepted
geotechnical engineering principles and practices currently employed in the area; no warranty is
expressed or implied. There are risks of earth movement and property damages inherent in
building on or with earth materials. We are unable to eliminate all risks or provide insurance;
therefore, we are unable to guarantee or warrant the results of our services.
This report is based upon field and other conditions discovered at the time of report preparation.
We developed this report with limited subsurface exploration data. We assumed that our
subsurface exploration data is representative of the actual subsurface conditions across the site.
Considering possible underground variability of soil, rock, stockpiled material, and groundwater,
additional costs may be required to complete the project. We recommend that the owner establish
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a contingency fund to cover such costs. If unexpected conditions are encountered, notify ENGEO
immediately to review these conditions and provide additional and/or modified recommendations,
as necessary.
Our services did not include excavation sloping or shoring, soil volume change factors, flood
potential, or a geohazard exploration. In addition, our geotechnical exploration did not include
work to determine the existence of possible hazardous materials. If any hazardous materials are
encountered during construction, notify the proper regulatory officials immediately.
This document must not be subject to unauthorized reuse, that is, reusing without written
authorization of ENGEO. Such authorization is essential because it requires ENGEO to evaluate
the document’s applicability given new circumstances, not the least of which is passage of time.
Actual field or other conditions will necessitate clarifications, adjustments, modifications or other
changes to ENGEO’s documents. Therefore, ENGEO must be engaged to prepare the necessary
clarifications, adjustments, modifications or other changes before construction activities
commence or further activity proceeds. If ENGEO’s scope of services does not include on-site
construction observation, or if other persons or entities are retained to provide such services,
ENGEO cannot be held responsible for any or all claims arising from or resulting from the
performance of such services by other persons or entities, and from any or all claims arising from
or resulting from clarifications, adjustments, modifications, discrepancies or other changes
necessary to reflect changed field or other conditions.
We determined the lines designating the interface between layers on the exploration logs using
visual observations. The transition between the materials may be abrupt or gradual. The
exploration logs contain information concerning samples recovered, indications of the presence
of various materials such as clay, sand, silt, rock, existing fill, etc., and observations of
groundwater encountered. The field logs also contain our interpretation of the subsurface
conditions between sample locations. Therefore, the logs contain both factual and interpretative
information. Our recommendations are based on the contents of the final logs, which represent
our interpretation of the field logs.
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FIGURE 3: Regional Geologic Map
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APPENDIX A
BORING LOG KEY
EXPLORATION LOGS
CPT DATA
LABORATORY TEST DATA:
Liquid and Plastic Limits Test Report
Particle Size Distribution Report

KEY TO BORING LOGS
COARSE-GRAINED SOILS MORE THAN
HALF OF MAT'L LARGER THAN #200
SIEVE

MAJOR TYPES
GRAVELS MORE
THAN HALF
COARSE FRACTION
IS LARGER THAN
NO. 4 SIEVE SIZE

DESCRIPTION
GW - Well graded gravels or gravel-sand mixtures

CLEAN GRAVELS WITH
LESS THAN 5% FINES

GP - Poorly graded gravels or gravel-sand mixtures
GM - Silty gravels, gravel-sand and silt mixtures

GRAVELS WITH OVER
12 % FINES

SANDS MORE THAN
HALF COARSE
FRACTION IS
SMALLER THAN NO.
4 SIEVE SIZE

GC - Clayey gravels, gravel-sand and clay mixtures
SW - Well graded sands, or gravelly sand mixtures

CLEAN SANDS WITH
LESS THAN 5% FINES

SP - Poorly graded sands or gravelly sand mixtures
SM - Silty sand, sand-silt mixtures

FINE-GRAINED SOILS MORE
THAN HALF OF MAT'L SMALLER
THAN #200 SIEVE

SANDS WITH OVER
12 % FINES

SC - Clayey sand, sand-clay mixtures
ML - Inorganic silt with low to medium plasticity

SILTS AND CLAYS LIQUID LIMIT 50 % OR LESS

CL - Inorganic clay with low to medium plasticity
OL - Low plasticity organic silts and clays
MH - Elastic silt with high plasticity

SILTS AND CLAYS LIQUID LIMIT GREATER THAN 50 %

CH - Fat clay with high plasticity
OH - Highly plastic organic silts and clays

HIGHLY ORGANIC SOILS

PT - Peat and other highly organic soils

For fine-grained soils with 15 to 29% retained on the #200 sieve, the words "with sand" or "with gravel" (whichever is predominant) are added to the group name.
For fine-grained soil with >30% retained on the #200 sieve, the words "sandy" or "gravelly" (whichever is predominant) are added to the group name.

GRAIN SIZES
U.S. STANDARD SERIES SIEVE SIZE
200
SILTS
AND
CLAYS

10

40

CLEAR SQUARE SIEVE OPENINGS
3/4 "

4

FINE

3"

MEDIUM

FINE

COARSE

COARSE

VERY LOOSE
LOOSE
MEDIUM DENSE
DENSE
VERY DENSE

SILTS AND CLAYS

BLOWS/FOOT
(S.P.T.)
0-4
4-10
10-30
30-50
OVER 50

VERY SOFT
SOFT
MEDIUM STIFF
STIFF
VERY STIFF
HARD

BOULDERS

STRENGTH*
0-1/4
1/4-1/2
1/2-1
1-2
2-4
OVER 4

MOISTURE CONDITION

SAMPLER SYMBOLS
Modified California (3" O.D.) sampler

COBBLES

CONSISTENCY

RELATIVE DENSITY
SANDS AND GRAVELS

12"

GRAVEL

SAND

Dry
Moist
Wet

Dusty, dry to touch
Damp but no visible water
Visible freewater

California (2.5" O.D.) sampler

LINE TYPES
S.P.T. - Split spoon sampler
Solid - Layer Break
Shelby Tube
______

Dashed - Gradational or approximate layer break

Continuous Core
Bag Samples
Grab Samples

NR No Recovery

GROUND-WATER SYMBOLS
Groundwater level during drilling
Stabilized groundwater level

(S.P.T.) Number of blows of 140 lb. hammer falling 30" to drive a 2-inch O.D. (1-3/8 inch I.D.) sampler
* Unconfined compressive strength in tons/sq. ft., asterisk on log means determined by pocket penetrometer

LOG OF BORING 1-B1
11/29/2016
Approx. 30 ft.
6.0 in.
Approx. 17½ ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

CLAYEY SAND (SC), yellowish brown, medium dense, dry
to moist, vegetation at surface (Landfill cover)

15

LANDFILL REFUSE, sandy clay matrix with plastic, plastic
sheeting, wood fragments, and metal
5

10

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

10

Obstruction in landfill debris causing auger
out-of-alignment

5

15

0
SILTY LEAN CLAY (CL), pale olive, stiff, moist, interbeds
of silts and sands (Alluvium)

20

Shear Strength (psf)
*field approximation

Dry Unit Weight
(pcf)

Moisture Content
(% dry weight)

Fines Content
(% passing #200 sieve)

Plasticity Index

Plastic Limit

Liquid Limit

Blow Count/Foot

Water Level

DESCRIPTION

Log Symbol

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
Tract 7728, Parcel C, Turk Island
Union City, California
4209.000.000

LOG OF BORING 1-B1
11/29/2016
Approx. 30 ft.
6.0 in.
Approx. 17½ ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

Dry Unit Weight
(pcf)

11

27

98

16

No recovery; wood debris lodged in sampler
-5

POORLY GRADED SAND WITH SILT (SP-SM), dark
yellowish brown, loose to medium dense, wet, fine to
medium sand (Alluvium)

25

15

-10

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

30

SILTY LEAN CLAY (CL), dark yellowish brown, stiff,
moist, interbeds of silts and sands

Boring terminated at approximately 30 feet below the
ground surface due to auger out-of-alignment on landfill
debris and rods binding on flowing sands.
Groundwater encountered at approximately 22 feet below
the ground surface at the time of drilling.

Shear Strength (psf)
*field approximation

Moisture Content
(% dry weight)

Plasticity Index

Plastic Limit

Liquid Limit

Blow Count/Foot

Fines Content
(% passing #200 sieve)

SILTY LEAN CLAY (CL), pale olive, stiff, moist, interbeds
of silts and sands (Alluvium)

Water Level

DESCRIPTION

Log Symbol

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation
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LOG OF BORING 1-B2
11/29/2016
Approx. 51½ ft.
6.0 in.
Approx. 19 ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

CLAYEY SAND (SC), yellowish brown, medium dense, dry
to moist, vegetation at surface (Landfill cover)

15

LANDFILL REFUSE, sandy clay matrix with plastic, plastic
sheeting, fabric, wood fragments, and metal

5

10

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

10

Obstruction in landfill debris causing auger
out-of-alignment; rig is re-positioned

5
15

SILTY CLAY (CL-ML), pale olive mottled with yellowish
brown, stiff, moist, (Alluvium)

0
20

Shear Strength (psf)
*field approximation

Dry Unit Weight
(pcf)

Moisture Content
(% dry weight)

Fines Content
(% passing #200 sieve)

Plasticity Index

Plastic Limit

Liquid Limit

Blow Count/Foot

Water Level

DESCRIPTION

Log Symbol

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
Tract 7728, Parcel C, Turk Island
Union City, California
4209.000.000

LOG OF BORING 1-B2
11/29/2016
Approx. 51½ ft.
6.0 in.
Approx. 19 ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

Moisture Content
(% dry weight)

Dry Unit Weight
(pcf)

Shear Strength (psf)
*field approximation

Fines Content
(% passing #200 sieve)

TV

Plasticity Index

610*

Plastic Limit

106

Liquid Limit

Water Level

21

Blow Count/Foot

SILTY CLAY (CL-ML), pale olive mottled with yellowish
brown, stiff, moist, (Alluvium)

Log Symbol

DESCRIPTION

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

12

24

18

6

10

32

24

8

29.9

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
Tract 7728, Parcel C, Turk Island
Union City, California
4209.000.000

LEAN CLAY (CL), olive mottled with reddish brown, stiff,
moist
-5
25

No recovery in Mod Cal sample, pushed an SPT sampler
for sample recovery

LEAN CLAY (CL), bluish gray, medium stiff, moist,
(Esturine deposits)
-10

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

30
6

33.4

93

510*

TV

11

33.3

90

1300*

TV

-15
35

Stiff

-20
40

LOG OF BORING 1-B2
11/29/2016
Approx. 51½ ft.
6.0 in.
Approx. 19 ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

17

Shear Strength (psf)
*field approximation

19

Dry Unit Weight
(pcf)

Plasticity Index

36

Moisture Content
(% dry weight)

Plastic Limit

13

Fines Content
(% passing #200 sieve)

Liquid Limit

Water Level

Blow Count/Foot

LEAN CLAY (CL), bluish gray, stiff, moist, (Esturine
deposits)

Log Symbol

DESCRIPTION

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

30

94

1800*

TV

23.4

104

3300*

TV

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
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4209.000.000

-25
45

-30

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

50

Very stiff; rootlets
21

Bottom of boring at approximately 51.5 feet below the
ground surface.
Groundwater encountered at approximately 25 feet below
the ground surface at the time of drilling.

LOG OF BORING 1-B3
11/29/2016
Approx. 30 ft.
6.0 in.
Approx. 20 ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

CLAYEY SAND (SC), yellowish brown, medium dense, dry
to moist, vegetation at surface (Landfill cover)

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

LANDFILL REFUSE, sandy clay matrix with plastic, wood,
and metal; more wood throughout than in other locations
5

15

10

10

15

5

20

0

Concrete debris

Very hard drilling; grinding on concrete

Shear Strength (psf)
*field approximation

Dry Unit Weight
(pcf)

Moisture Content
(% dry weight)

Fines Content
(% passing #200 sieve)

Plasticity Index

Plastic Limit

Liquid Limit

Blow Count/Foot

Water Level

Log Symbol

DESCRIPTION

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
Tract 7728, Parcel C, Turk Island
Union City, California
4209.000.000

LOG OF BORING 1-B3
11/29/2016
Approx. 30 ft.
6.0 in.
Approx. 20 ft.

LOGGED / REVIEWED BY:
DRILLING CONTRACTOR:
DRILLING METHOD:
HAMMER TYPE:

M. Parks / MT
Britton Exploration
Hollow Stem Auger
Automatic Trip Hammer

Liquid Limit

Plastic Limit

Plasticity Index

Moisture Content
(% dry weight)

Dry Unit Weight
(pcf)

Shear Strength (psf)
*field approximation

Fines Content
(% passing #200 sieve)

Blow Count/Foot

Water Level

DESCRIPTION

Log Symbol

Sample Type

Elevation in Feet

Depth in Feet

Atterberg Limits

18

26

16

10

16.3

119

920*

TV

8

31

23

8

32.1

95

410*

TV

410*

TV

Strength Test Type

DATE DRILLED:
HOLE DEPTH:
HOLE DIAMETER:
SURF ELEV (NAV88):

Unconfined Strength (tsf)
*field approximation

Geotechnical Exploration
Tract 7728, Parcel C, Turk Island
Union City, California
4209.000.000

SILTY LEAN CLAY (CL), pale olive, very stiff, moist,
(Alluvium)

No recovery; wood lodged in sampler

25

-5

Pale olive mottled with reddish brown, medium stiff, wet

CLAYEY SAND (SC), bluish gray, loose, wet, (Esturine
deposits)

5

SHEAR AND UNCONF STRENGTH W/ ELEV 4209 BORING LOGS.GPJ ENGEO INC.GDT 2/27/17

30

-10

SILTY LEAN CLAY (CL), bluish gray, medium stiff, wet
Bottom of boring at approximately 30 feet below the ground
surface.
Groundwater encountered at approximately 20 feet below
the ground surface at the time of drilling.

34

LIQUID AND PLASTIC LIMITS TEST REPORT
60

Dashed line indicates the approximate
upper limit boundary for natural soils
50

CH

H
O
r
o

PLASTICITY INDEX

40

30

20

CL

L
O
r
o

10
CL-ML

4
7

0

0

10

ML or OL
20

30

40

MH or OH
50
60
LIQUID LIMIT

70

MATERIAL DESCRIPTION

LL

PL

PI

See exploration logs

24

18

6

See exploration logs

32

24

8

See exploration logs

36

19

17

See exploration logs

26

16

10

See exploration logs

31

23

8

Project No. 4209.000.000

Client: Nuvera Homes

Project: Tract 7728, Parcel C, Turk Island
Depth: 21.0 feet
Depth: 30.5 feet
Depth: 40.5 feet
Depth: 23.5 feet
Depth: 26.0 feet

Sample Number: 1-B2 @ 21
Sample Number: 1-B2 @ 30.5
Sample Number: 1-B2 @ 40.5
Sample Number: 1-B3 @ 23.5
Sample Number: 1-B3 @ 26

Tested By: M. Quasem

Checked By: G. Criste

80

%<#40

90

%<#200

100

110

USCS

Remarks:
ASTM D4318, Wet method
ASTM D4318, Wet method
ASTM D4318, Wet method
ASTM D4318, Wet method
ASTM D4318, Wet method

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

Particle Size Distribution Report
100
90
80

PERCENT FINER

70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +75mm

Coarse

% Sand
Medium

% Fines
Silt

Fine

Clay

10.5
SIEVE

PERCENT

SPEC.*

PASS?

SIZE

FINER

PERCENT

(X=NO)

#200

10.5

Soil Description
See exploration logs

PL=

Atterberg Limits
LL=

D90=
D50=
D10=

Coefficients
D85=
D30=
C u=

USCS=

Classification
AASHTO=

PI=
D60=
D15=
Cc=

Remarks
ASTM D1140
* (no specification provided)
Sample Number: 1-B1 @ 26

Depth: 26.0 feet

Date:

Client: Nuvera Homes
Project: Tract 7728, Parcel C, Turk Island
Project No:

Tested By: M. Quasem

4209.000.000

Checked By: G. Criste

12/07/16

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

Particle Size Distribution Report
100
90
80

PERCENT FINER

70
60
50
40
30
20
10
0

100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +75mm

Coarse

% Sand
Medium

% Fines
Silt

Fine

Clay

33.8
SIEVE

PERCENT

SPEC.*

PASS?

SIZE

FINER

PERCENT

(X=NO)

#200

33.8

Soil Description
See exploration logs

PL=

Atterberg Limits
LL=

D90=
D50=
D10=

Coefficients
D85=
D30=
C u=

USCS=

Classification
AASHTO=

PI=
D60=
D15=
Cc=

Remarks
ASTM D1140
* (no specification provided)
Sample Number: 1-B3 @ 29.5

Depth: 29.5 feet

Date:

Client: Nuvera Homes
Project: Tract 7728, Parcel C, Turk Island
Project No:

Tested By: M. Quasem

4209.000.000

Checked By: G. Criste

12/06/16

APPENDIX B
LOGS OF TEST PITS
The Remediation Group, Inc., 1997

APPENDIX C
LOGS OF TEST PITS
ENGEO, 2002

APPENDIX D
EXPLORATION LOGS
LABORATORY TEST RESULTS
Cornerstone, 2009

APPENDIX E
TABLE 2, HISTORICAL GROUNDWATER LEVEL
MEASUREMENTS
The Remediation Group, Inc.

TABLE 2
HISTORICAL GROUNDWATER LEVEL MEASUREMENTS
CLOSED TURK ISLAND LANDFILL
32205 Union City Boulevard
Union City, California
Well ID

Date

Top of Casing
Elevation (a)
(Feet)

Depth to
Water
(Feet)

Groundwater
Elevation (a)
(Feet)

MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7
MW-7

04/08/01
10/25/01
04/15/02
10/08/02
05/07/03
10/16/03
06/06/04
11/29/04
06/21/05
12/02/05
06/07/06
11/30/06
05/30/07
11/15/07
05/29/08
11/20/08
06/03/09
11/17/09
06/11/10
12/16/10
06/07/11
11/10/11
01/26/13
06/11/13
12/31/13
06/26/14
12/16/14

10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44
10.44

6.00
6.95
5.35
--5.35
7.21
--6.71
6.59
6.14
5.30
6.49
6.32
6.70
6.50
6.63
6.30
6.44
5.70
6.30
5.35
6.26
6.65
7.53
8.58
8.24
6.74

4.44
3.49
5.09
--5.09
3.23
--3.73
3.85
4.30
5.14
3.95
4.12
3.74
3.94
3.81
4.14
4.00
4.74
4.14
5.09
4.18
3.79
2.91
1.86
2.20
3.70

MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8

02/14/95
05/16/95
08/10/95
12/21/95
02/14/96
05/30/96
08/19/96
11/06/96
06/19/97
10/01/97

7.5
7.5
7.5
7.33
7.33
7.33
7.33
7.33
7.33
7.33

2.54
2.88
4.22
4.86
2.90
4.68
5.36
5.26
5.08
6.00

4.96
4.62
3.28
2.47
4.43
2.65
1.97
2.07
2.25
1.33

Project No.1013.01

(c)

(c)

(b)

THE REMEDIATION GROUP, inc.

TABLE 2
HISTORICAL GROUNDWATER LEVEL MEASUREMENTS
CLOSED TURK ISLAND LANDFILL
32205 Union City Boulevard
Union City, California
Well ID

Date

Top of Casing
Elevation (a)
(Feet)

Depth to
Water
(Feet)

Groundwater
Elevation (a)
(Feet)

MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8
MW-8

03/12/98
05/20/98
08/18/98
10/20/98
04/06/99
10/18/99
04/30/00
10/11/00
04/08/01
10/26/01
04/15/02
10/08/02
05/07/03
10/16/03
06/06/04
11/29/04
06/21/05
12/02/05
06/07/06
11/30/06
05/30/07
11/15/07
05/29/08
11/20/08
06/03/09
11/17/09
06/11/10
12/16/10
06/07/11
11/10/11
01/26/13
06/11/13
12/31/13
06/26/14
12/16/14

7.33
7.33
7.33
7.33
7.33
7.33
7.33
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75
11.75

1.32
--------7.75
6.06
10.45
9.00
10.00
8.61
10.16
8.10
10.23
9.41
9.27
8.98
9.25
8.62
9.35
9.54
9.18
9.73
9.69
9.59
9.32
9.08
8.84
7.69
9.35
8.28
10.13
10.20
10.66
6.29

6.01
---------0.42
1.27
1.3
2.75
1.75
3.14
1.59
3.65
1.52
2.34
2.48
2.77
2.50
3.13
2.40
2.21
2.57
2.02
2.06
2.16
2.43
2.67
2.91
4.06
2.40
3.47
1.62
1.55
1.09
5.46

LMW-1
LMW-1
LMW-1

12/21/95
02/12/96
05/30/96

53.75
53.75
53.75

44.76
43.29
43.28

8.99
10.46
10.47

Project No.1013.01

(c)
(c)
(c)
(c)
(d)
(e)

(b)

THE REMEDIATION GROUP, inc.

APPENDIX F
RESULTS OF SLOPE STABILITY ANALYSES

Safety Factor
1.0
1.1
1.3
1.4
1.5
1.6
1.8
1.9
2.0
2.1
2.3
2.4
2.5
2.6
2.8
2.9
3.0
3.1
3.3
3.4
3.5
3.6
3.8
3.9
4.0+

Unit Weight
(lbs/ 3)

Strength Type

Soil Cover

120

Mohr‐Coulomb

200

26

Refuse

70

Mohr‐Coulomb

300

31

Cons. Young BM

115

Mohr‐Coulomb

0

25

Young BM

100

Mohr‐Coulomb

0

25

Old Bay Mud 1

115

Mohr‐Coulomb

200

26

Silty Clay

120

Mohr‐Coulomb

200

26

Material Name

Color

Cohesion Phi
(psf)
(deg)

2.3

3500

3600

3700

3800

3900

Turk Island Section 1

3400

W

4900

5000

5100

5200

5300

5400

5500

5600

5700

Project

Turk Island

SLIDEINTERPRET 7.022

Scale

1:1200

Date

3/8/2017

Author
Condition

MCP

Static

Project No.

4209.000.000

5800

5900

Safety Factor
1.0
1.0
1.1
1.1
1.2
1.2
1.3
1.3
1.3
1.4
1.4
1.5
1.5
1.5
1.6
1.6
1.7
1.7
1.8
1.8
1.8
1.9
1.9
2.0
2.0+

0.14
Unit Weight
(lbs/ 3)

Strength Type

Soil Cover

120

Mohr‐Coulomb

1100

0

Refuse

70

Mohr‐Coulomb

360

37

Cons. Young BM

115

Mohr‐Coulomb

1100

0

Young BM

100

Mohr‐Coulomb

400

0

Old Bay Mud 1

115

Mohr‐Coulomb

1300

0

Old Bay Mud 2

115

Mohr‐Coulomb

1600

0

Silty Clay

120

Mohr‐Coulomb

200

26

Material Name Color

Cohesion Phi
(psf)
(deg)

1.2

W

3300

3400

3500

3600

3700

3800

3900

Turk Island Section 1

4800

4900

5000

5100

5200

5300

5400

5500

5600

5700

Project

Turk Island
Scale
SLIDEINTERPRET 7.022

Date

1:1419

Author
Condition

MCP

Seismic

Project No.

4209.000.000

5800

5900

1500

1600

1700

1800

Turk Island Section 2
Safety Factor
1.0
1.1
1.3
1.4
1.5
1.6
1.8
1.9
2.0
2.1
2.3
2.4
2.5
2.6
2.8
2.9
3.0
3.1
3.3
3.4
3.5
3.6
3.8
3.9
4.0+

Unit Weight
(lbs/ 3)

Strength Type

Soil Cover

120

Mohr‐Coulomb

200

26

Refuse

70

Mohr‐Coulomb

300

31

Cons. Young BM

115

Mohr‐Coulomb

0

25

Young BM

100

Mohr‐Coulomb

0

25

Sand

120

Mohr‐Coulomb

0

30

Old Bay Mud 1

115

Mohr‐Coulomb

200

26

Silty Clay

120

Mohr‐Coulomb

200

26

Material Name

Color

Cohesion Phi
(psf)
(deg)

1.9

1300

1400

W

6600

6700

6800

6900

7000

7100

7200

7300

7400

Project

Turk Island

SLIDEINTERPRET 7.022

Scale

1:1200

Date

3/8/2017

Author
Condition

MCP

Static

Project No.

4209.000.000

7500

7600

1500

1600

1700

1800

Turk Island Section 2
Safety Factor
1.0
1.0
1.1
1.1
1.2
1.2
1.3
1.3
1.3
1.4
1.4
1.5
1.5
1.5
1.6
1.6
1.7
1.7
1.8
1.8
1.8
1.9
1.9
2.0
2.0+

0.14
Material Name

Unit Weight
Color
(lbs/ 3)

Strength Type

Cohesion Phi
(psf)
(deg)

Soil Cover

120

Mohr‐Coulomb

1100

0

Refuse

70

Mohr‐Coulomb

360

37

Cons. Young BM

115

Mohr‐Coulomb

1100

0

Young BM

100

Mohr‐Coulomb

400

0

Sand Seismic

120

Mohr‐Coulomb

500

0

Old Bay Mud 1

115

Mohr‐Coulomb

1300

0

Old Bay Mud 2

115

Mohr‐Coulomb

1600

0

Silty Clay

120

Mohr‐Coulomb

200

26

1.1

1300

1400

W

6600

6700

6800

6900

7000

7100

7200

7300

7400

Project

Turk Island
Scale
SLIDEINTERPRET 7.022

Date

1:1207

Author
Condition

MCP

Seismic

Project No.

4209.000.000

7500
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Supplemental Recommendations

GENERAL INFORMATION
PREFACE
These supplemental recommendations are intended as a guide for earthwork and are in
addition to any previous earthwork recommendations made by the Geotechnical Engineer. If
there is a conflict between these supplemental recommendations and any previous
recommendations, it should be immediately brought to the attention of ENGEO. Testing
standards identified in this document shall be the most current revision (unless stated
otherwise).

DEFINITIONS
BACKFILL

Soil, rock or soil-rock material used to fill excavations and trenches.

DRAWINGS

Documents approved for construction which describe the work.

THE GEOTECHNICAL
ENGINEER

The project geotechnical engineering consulting firm, its employees, or its
designated representatives.

ENGINEERED FILL

Fill upon which the Geotechnical Engineer has made sufficient observations
and tests to confirm that the fill has been placed and compacted in
accordance with geotechnical engineering recommendations.

FILL

Soil, rock, or soil-rock materials placed to raise the grades of the site or to
backfill excavations.

IMPORTED MATERIAL

Soil and/or rock material which is brought to the site from offsite areas.

ONSITE MATERIAL

Soil and/or rock material which is obtained from the site.

OPTIMUM MOISTURE

Water content, percentage by dry weight, corresponding to the maximum
dry density as determined by ASTM D-1557.

RELATIVE COMPACTION

The ratio, expressed as a percentage, of the in-place dry density of the fill
or backfill material as compacted in the field to the maximum dry density of
the same material as determined by ASTM D-1557.

SELECT MATERIAL

Onsite and/or imported material which is approved by the Geotechnical
Engineer as a specific-purpose fill.
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PART I - EARTHWORK
1.0

GENERAL

1.1

WORK COVERED

Supplemental recommendations for performing earthwork and grading. Activities include:





1.2

Site Preparation and Demolition
Excavation
Grading
Backfill of Excavations and Trenches
Engineered Fill Placement, Moisture Conditioning, and Compaction
CODES AND STANDARDS

The contractor should perform their work complying with applicable occupational safety and
health standards, rules, regulations, and orders. The Occupational Safety and Health Standards
(OSHA) Board is the only agency authorized in the State to adopt and enforce occupational
safety and health standards (Labor Code § 142 et seq.). The owner, their representative and
contractor are responsible for site safety; ENGEO representatives are not responsible for site
safety.
Excavating, trenching, filling, backfilling, shoring and grading work should meet the minimum
requirements of the applicable Building Code, and the standards and ordinances of state and
local governing authorities.
1.3

TESTING AND OBSERVATION

Site preparation, cutting and shaping, excavating, filling, and backfilling should be carried out
under the testing and observation of ENGEO. ENGEO shall be retained to perform appropriate
field and laboratory tests to check compliance with the recommendations. Any fill or backfill that
does not meet the supplemental recommendations shall be removed and/or reworked, until the
supplemental recommendations are satisfied.
Tests for compaction shall be made in accordance with test procedures outlined in ASTM
D-1557, as applicable, unless other testing methods are deemed appropriate by ENGEO. These
and other tests shall be performed in accordance with accepted testing procedures, subject to
the engineering discretion of ENGEO.

2.0

MATERIALS

2.1

STANDARD

Materials, tools, equipment, facilities, and services as required for performing the required
excavating, trenching, filling and backfilling should be furnished by the Contractor.
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2.2

ENGINEERED FILL AND BACKFILL

Material to be used for engineered fill and backfill should be free from organic matter and other
deleterious substances, and of such quality that it will compact thoroughly without excessive
voids when watered and rolled.
Unless specified elsewhere by ENGEO, engineered fill and backfill shall be free of significant
organics, or any other unsatisfactory material. In addition, engineered fill and backfill shall
comply with the grading requirements shown in the following table:
TABLE 2.2-1: Engineered Fill and Backfill Requirements
US STANDARD SIEVE

PERCENTAGE PASSING

3"

100

No. 4

35–100

No. 30

20–100

Earth materials to be used as engineered fill and backfill shall be cleared of debris, rubble and
deleterious matter. Rocks and aggregate exceeding the maximum allowable size shall be
removed from the site. Rocks of maximum dimension in excess of two-thirds of the lift thickness
shall be removed from any fill material to the satisfaction of ENGEO.
ENGEO shall be immediately notified if potential hazardous materials or suspect soils exhibiting
staining or odor are encountered. Work activities shall be discontinued within the area of
potentially hazardous materials. ENGEO shall be notified at least 72 hours prior to the start of
filling and backfilling operations. Materials to be used for filling and backfilling shall be submitted
to ENGEO no less than 10 days prior to intended delivery to the site. Unless specified
elsewhere by ENGEO, where conditions require the importation of low expansive fill material,
the material shall be an inert, low to non-expansive soil, or soil-rock material, free of organic
matter and meeting the following requirements:

TABLE 2.2-2: Imported Fill Material Requirements

GRADATION (ASTM D-421)

SIEVE SIZE

PERCENT
PASSING

2-inch

100

#200

15 - 70

PLASTICITY (ASTM D-4318)

Plasticity Index < 12

ORGANIC CONTENT (ASTM D-2974)

Less than 2 percent

A sample of the proposed import material should be submitted to ENGEO no less than 10 days
prior to intended delivery to the site.
2.3

SUBDRAINS

A subdrain system is an underground network of piping used to remove water from areas that
collect or retain surface water or subsurface water. Subsurface water is collected by allowing
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water into the pipe through perforations. Subdrain systems may drain and discharge to an
appropriate outlet such as storm drain, natural swales or drainage, etc.. Details for subdrain
systems may vary depending on many items, including but not limited to site conditions, soil
types, subdrain spacing, depth of the pipe and pervious medium, as well as pipe diameter.
2.4

PIPE

Subdrain pipe shall conform with these supplemental recommendations unless specified
elsewhere by ENGEO. Perforated pipe for various depths shall be manufactured in accordance
with the following requirements:
TABLE 2.4-1: Perforated Pipe Requirements
TYPICAL SIZES
(INCHES)
PIPE STIFFNESS ABOVE 200 PSI (BELOW 50 FEET OF FINISHED GRADE)
PIPE TYPE

STANDARD

ABS SDR 15.3
PVC Schedule 80

ASTM D1785

PIPE STIFFNESS
(PSI)

4 to 6

450

3 to 10

530

PIPE STIFFNESS BETWEEN 100 PSI AND 150 PSI (BETWEEN 15 AND 50 FEET OF FINISHED GRADE)

ABS SDR 23.5

ASTM D2751

4 to 6

150

PVC SDR 23.5

ASTM D3034

4 to 6

153

PVC Schedule 40

ASTM D1785

3 to 10

135

ABS Schedule 40/DWV

ASTM D1527 & D2661

3 to 10

PIPE STIFFNESS BETWEEN 45 PSI AND 50 PSI* (BETWEEN 0 TO 15 FEET OF FINISHED GRADE)

PVC A-2000

ASTM F949

4 to 10

50

PVC SDR 35

ASTM D3034

4 to 8

46

ABS SDR 35

ASTM D2751

4 to 8

45

Corrugated PE

AASHTO M294 Type S

4 to 10

45

*Pipe with a stiffness less than 45 psi should not be used.

Other pipes not listed in the table above shall be submitted for review by the Geotechnical
Engineer not less 72 hours before proposed use.
2.5

OUTLETS AND RISERS

Subdrain outlets and risers must be fabricated from the same material as the subdrain pipe.
Outlet and riser pipe and fittings must not be perforated. Covers must be fitted and bolted into
the riser pipe or elbow. Covers must seat uniformly and not be subject to rocking.
2.6

PERMEABLE MATERIAL

Permeable material shall generally conform to Caltrans Standard Specification unless specified
otherwise by ENGEO. Class 2 permeable material shall comply with the gradation requirements
shown in the following table.
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TABLE 2.6-1: Class 2 Permeable Material Grading Requirements
SIEVE SIZES

1"

2.7

PERCENTAGE PASSING

100

3/4"

90 to 100

3/8"

40 to 100

No. 4

25 to 40

No. 8

18 to 33

No. 30

5 to 15

No. 50

0 to 7

No. 200

0 to 3

FILTER FABRIC

Filter fabric shall meet the following Minimum Average Roll Values unless specified elsewhere
by ENGEO.
Grab Strength (ASTM D-4632) ................................................ 180 lbs
Mass per Unit Area (ASTM D-4751) ......................................6 oz/yd2
Apparent Opening Size (ASTM D-4751) ........ 70-100 U.S. Std. Sieve
Flow Rate (ASTM D-4491) .............................................80 gal/min/ft2
Puncture Strength (ASTM D-4833) ........................................... 80 lbs
Areas to receive filter fabric must comply with the compaction and elevation tolerance specified
for the material involved. Handle and place filter fabric under the manufacturer's instructions.
Align and place filter fabric without wrinkles.
Overlap adjacent roll ends of filter fabric in accordance with manufacturer’s recommendations.
The preceding roll must overlap the following roll in the direction that the permeable material is
being spread. Completely replace torn or punctured sections damaged during placement or
repair by placing a piece of filter fabric that is large enough to cover the damaged area and
comply with the overlap specified. Cover filter fabric with the thickness of overlying material
shown within 72 hours of placing the fabric.
2.8

GEOCOMPOSITE DRAINAGE

Geocomposite drainage is a prefabricated material that includes filter fabric and plastic pipe.
Filter fabric must be Class A. The drain shall be of composite construction consisting of a
supporting structure or drainage core material surrounded by a geotextile. The geotextile shall
encapsulate the drainage core and prevent random soil intrusion into the drainage structure.
The drainage core material shall consist of a three-dimensional polymeric material with a
structure that permits flow along the core laterally. The core structure shall also be constructed
to permit flow regardless of the water inlet surface. The drainage core shall provide support to
the geotextile.
A geotextile flap shall be provided along drainage core edges. This flap shall be of sufficient
width for sealing the geotextile to the adjacent drainage structure edge to prevent soil intrusion
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into the structure during and after installation. The geotextile shall cover the full length of the
core. The geocomposite core shall be furnished with an approved method of constructing and
connecting with outlet pipes. If the fabric on the geocomposite drain is torn or punctured, replace
the damaged section completely. The specific drainage composite material and supplier shall be
preapproved by ENGEO.
The Contractor shall submit a manufacturer's certification that the geocomposite meets the
design properties and respective index criteria measured in full accordance with applicable test
methods. The manufacturer's certification shall include a submittal package of documented test
results that confirm the design values. In case of dispute over validity of design values, the
Contractor will supply design property test data from a laboratory approved by ENGEO, to
support the certified values submitted.
Geocomposite material suppliers shall provide a qualified and experienced representative onsite
to assist the Contractor and ENGEO at the start of construction with directions on the use of
drainage composite. If there is more than one application on a project, this criterion will apply to
construction of the initial application only. The representative shall also be available on an asneeded basis, as requested by ENGEO, during construction of the remaining applications. The
soil surface against which the geocomposite is to be placed shall be free of debris and
inordinate irregularities that will prevent intimate contact between the soil surface and the drain.
Edge seams shall be formed by utilizing the flap of the geotextile extending from the
geocomposite's edge and lapping over the top of the fabric of the adjacent course. The fabric
flap shall be securely fastened to the adjacent fabric by means of plastic tape or
non-water-soluble construction adhesive, as recommended by the supplier. To prevent soil
intrusion, exposed edges of the geocomposite drainage core edge must be covered.
Approved backfill shall be placed immediately over the geocomposite drain. Backfill operations
should be performed to not damage the geotextile surface of the drain. Also during operations,
avoid excessive settlement of the backfill material. The geocomposite drain, once installed, shall
not be exposed for more than 7 days prior to backfilling.
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PART II - GEOGRID SOIL REINFORCEMENT
Geogrid soil reinforcement (geogrid) shall be submitted to ENGEO and should be approved
before use. The geogrid shall be a regular network of integrally connected polymer tensile
elements with aperture geometry sufficient to permit significant mechanical interlock with the
surrounding soil or rock. The geogrid structure shall be dimensionally stable and able to retain
its geometry under construction stresses and shall have high resistance to damage during
construction to ultraviolet degradation and to chemical and biological degradation encountered
in the soil being reinforced. The geogrids shall have an Allowable Tensile Strength (Ta) and
Pullout Resistance, for the soil type(s) as specified on design plans.
The contractor shall submit a manufacturer's certification that the geogrids supplied meet plans
and project specifications. The contractor shall check the geogrid upon delivery to ensure that
the proper material has been received. During periods of shipment and storage, the geogrid
shall be protected from temperatures greater than 140°F, mud, dirt, dust, and debris.
Manufacturer's recommendations in regard to protection from direct sunlight must also be
followed. At the time of installation, the geogrid will be rejected if it has defects, tears, punctures,
flaws, deterioration, or damage incurred during manufacture, transportation, or storage. If
approved by ENGEO, torn or punctured sections may be repaired by placing a patch over the
damaged area. Any geogrid damaged during storage or installation shall be replaced by the
Contractor at no additional cost to the owner.
Geogrid material suppliers shall provide a qualified and experienced representative onsite at the
initiation of the project, for a minimum of three days, to assist the Contractor and ENGEO
personnel at the start of construction. If there is more than one slope on a project, this criterion
will apply to construction of the initial slope only. The representative shall also be available on
an as-needed basis, as requested by ENGEO, during construction of the remaining slope(s).
Geogrid reinforcement may be joined with mechanical connections or overlaps as
recommended and approved by the manufacturer. Joints shall not be placed within 6 feet of the
slope face, within 4 feet below top of slope, nor horizontally or vertically adjacent to another
joint.
The geogrid reinforcement shall be installed in accordance with the manufacturer's
recommendations. The geogrid reinforcement shall be placed within the layers of the
compacted soil as shown on the plans or as directed. The geogrid reinforcement shall be placed
in continuous longitudinal strips in the direction of main reinforcement. However, if the Contractor
is unable to complete a required length with a single continuous length of geogrid, a joint may be
made with the manufacturer's approval. Only one joint per length of geogrid shall be allowed. This
joint shall be made for the full width of the strip by using a similar material with similar strength.
Joints in geogrid reinforcement shall be pulled and held taut during fill placement.
Adjacent strips, in the case of 100 percent coverage in plan view, need not be overlapped. The
minimum horizontal coverage is 50 percent, with horizontal spacing between reinforcement no
greater than 40 inches. Horizontal coverage of less than 100 percent shall not be allowed
unless specifically detailed in the construction drawings. Adjacent rolls of geogrid reinforcement
shall be overlapped or mechanically connected where exposed in a wrap around face system,
as applicable.
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The Contractor may place only that amount of geogrid reinforcement required for immediately
pending work to prevent undue damage. After a layer of geogrid reinforcement has been
placed, the next succeeding layer of soil shall be placed and compacted as appropriate. After
the specified soil layer has been placed, the next geogrid reinforcement layer shall be installed.
The process shall be repeated for each subsequent layer of geogrid reinforcement and soil.
Geogrid reinforcement shall be placed to lay flat and pulled tight prior to backfilling. After a layer
of geogrid reinforcement has been placed, suitable means, such as pins or small piles of soil,
shall be used to hold the geogrid reinforcement in position until the subsequent soil layer can be
placed.
Under no circumstances shall a track-type vehicle be allowed on the geogrid reinforcement
before at least 6 inches of soil have been placed. Turning of tracked vehicles should be kept to
a minimum to prevent tracks from displacing the fill and the geogrid reinforcement. If approved
by the Manufacturer, rubber-tired equipment may pass over the geosynthetic reinforcement at
slow speeds, less than 10 mph. Sudden braking and sharp turning shall be avoided. During
construction, the surface of the fill should be kept approximately horizontal. Geogrid
reinforcement shall be placed directly on the compacted horizontal fill surface. Geogrid
reinforcements are to be placed as shown on plans, and oriented correctly.
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PART III - GEOTEXTILE SOIL REINFORCEMENT
The specific geotextile material and supplier shall be preapproved by ENGEO. The contractor
shall submit a manufacturer's certification that the geotextiles supplied meet the respective
index criteria set when geotextile was approved by ENGEO, measured in full accordance with
specified test methods and standards.
The contractor shall check the geotextile upon delivery to ensure that the proper material has
been received. During periods of shipment and storage, the geotextile shall be protected from
temperatures greater than 140°F, mud, dirt, dust, and debris. Manufacturer's recommendations
in regard to protection from direct sunlight must also be followed. At the time of installation, the
geotextile will be rejected if it has defects, tears, punctures, flaws, deterioration, or damage
incurred during manufacture, transportation, or storage. If approved by ENGEO, torn or
punctured sections may be repaired by placing a patch over the damaged area. Any geotextile
damaged during storage or installation shall be replaced by the Contractor at no additional cost
to the owner.
Geotextile material suppliers shall provide a qualified and experienced representative onsite at
the initiation of the project to assist the Contractor and ENGEO personnel at the start of
construction. The geotextile reinforcement shall be installed in accordance with the
manufacturer's recommendations. The geotextile reinforcement shall be placed within the layers
of the compacted soil as shown on the plans or as directed, secured with staples, pins, or small
piles of backfill, placed without wrinkles, and aligned with the primary strength direction
perpendicular to slope contours. Cover geotextile reinforcement with backfill within the same
work shift. Place at least 6 inches of backfill on the geotextile reinforcement before operating or
driving equipment or vehicles over it, except those used under the conditions specified below for
spreading backfill.
Adjacent strips, in the case of 100 percent coverage in plan view, need not be overlapped. The
minimum horizontal coverage is 50 percent, with horizontal spacing between reinforcement no
greater than 40 inches. Horizontal coverage of less than 100 percent shall not be allowed
unless specifically detailed in the construction drawings. Adjacent rolls of geotextile
reinforcement shall be overlapped or mechanically connected where exposed in a wraparound
face system, as applicable.
The contractor may place only that amount of geotextile reinforcement required for immediately
pending work to prevent undue damage. After a layer of geotextile reinforcement has been
placed, the succeeding layer of soil shall be placed and compacted as appropriate. After the
specified soil layer has been placed, the next geotextile reinforcement layer shall be installed.
The process shall be repeated for each subsequent layer of geotextile reinforcement and soil.
Geotextile reinforcement shall be placed to lay flat and be pulled tight prior to backfilling. After a
layer of geotextile reinforcement has been placed, suitable means, such as pins or small piles of
soil, shall be used to hold the geotextile reinforcement in position until the subsequent soil layer
can be placed. Under no circumstances shall a track-type vehicle be allowed on the geotextile
reinforcement before at least six inches of soil has been placed. Turning of tracked vehicles
should be kept to a minimum to prevent tracks from displacing the fill and the geotextile
reinforcement. If approved by the Manufacturer, rubber-tired equipment may pass over the
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geotextile reinforcement as slow speeds, less than 10 mph. Sudden braking and sharp turning
shall be avoided.
During construction, the surface of the fill should be kept approximately horizontal. Geotextile
reinforcement shall be placed directly on the compacted horizontal fill surface. Geotextile
reinforcements are to be placed within three inches of the design elevations and extend the
length as shown on the elevation view unless otherwise directed by ENGEO.
Replace or repair any geotextile reinforcement damaged during construction. Grade and
compact backfill to ensure the reinforcement remains taut. Geotextile soil reinforcement must be
tested to the required design values using the following ASTM test methods.
TABLE III-1: Geotextile Soil Reinforcements
PROPERTY

TEST

Elongation at break, percent

ASTM D 4632

Grab breaking load, lb, 1-inch grip (min) in each direction

ASTM D 4632

Wide width tensile strength at 5 percent strain, lb/ft (min)

ASTM D 4595

Wide width tensile strength at ultimate strength, lb/ft (min)

ASTM D 4595

Tear strength, lb (min)

ASTM D 4533

Puncture strength, lb (min)

ASTM D 6241

-1

Permittivity, sec (min)

ASTM D 4491

Apparent opening size, inches (max)

ASTM D 4751

Ultraviolet resistance, percent (min) retained grab break load, 500 hours

ASTM D 4355
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PART IV - EROSION CONTROL MAT
Work shall consist of furnishing and placing a synthetic erosion control mat and/or degradable
erosion control blanket for slope face protection and lining of runoff channels. The specific
erosion control material and supplier shall be pre-approved by ENGEO.
The Contractor shall submit a manufacturer's certification that the erosion mat/blanket supplied
meets the criteria specified when the material was approved by ENGEO. The manufacturer's
certification shall include a submittal package of documented test results that confirm the
property values. Jute mesh shall consist of processed natural jute yarns woven into a matrix,
and netting shall consist of coconut fiber woven into a matrix. Erosion control blankets shall be
made of processed natural fibers that are mechanically, structurally, or chemically bound
together to form a continuous matrix that is surrounded by two natural nets.
The Contractor shall check the erosion control material upon delivery to ensure that the proper
material has been received. During periods of shipment and storage, the erosion mat shall be
protected from temperatures greater than 140°F, mud, dirt, and debris. Manufacturer's
recommendations in regard to protection from direct sunlight must also be followed. At the time
of installation, the erosion mat/blanket shall be rejected if it has defects, tears, punctures, flaws,
deterioration, or damage incurred during manufacture, transportation, or storage. If approved by
ENGEO, torn or punctured sections may be removed by cutting out a section of the mat. The
remaining ends should be overlapped and secured with ground anchors. Any erosion
mat/blanket damaged during storage or installation shall be replaced by the Contractor at no
additional cost to the Owner.
Erosion control material suppliers shall provide a qualified and experienced representative
onsite, to assist the Contractor and ENGEO personnel at the start of construction. If there is
more than one slope on a project, this criterion will apply to construction of the initial slope only.
The representative shall be available on an as-needed basis, as requested by ENGEO, during
construction of the remaining slope(s). The erosion control material shall be placed and
anchored on a smooth graded, firm surface approved by the Engineer. Anchoring terminal ends
of the erosion control material shall be accomplished through use of key trenches. The material
in the trenches shall be anchored to the soil on maximum 1½ foot centers. Topsoil, if required
by construction drawings, placed over final grade prior to installation of the erosion control
material shall be limited to a depth not exceeding 3 inches.
Erosion control material shall be anchored, overlapped, and otherwise constructed to ensure
performance until vegetation is well established. Anchors shall be as designated on the
construction drawings, with a minimum of 12-inch length, and shall be spaced as designated on
the construction drawings, with a maximum spacing of 4 feet.
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