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INTRODUCTION

We have completed a geotechnical engineering investigation for the Stathos Cove Subdivision
to be constructed on the north side of Elk Grove Boulevard, west of Bruceville Road in Elk
Grove, California.  The purposes of our work have been to explore the existing soil and
groundwater conditions at the site, and to provide geotechnical engineering conclusions and
recommendations for the design and construction of the proposed residential subdivision. This
report presents the results of our work.

Work Scope

Our scope of work included the following tasks:

1. a site reconnaissance;
2. review of previous geotechnical reports prepared by Wallace-Kuhl & Associates, Inc. for

nearby projects;
3. review of United States Geological Survey (USGS) topographic maps, aerial

photographs and available groundwater information;
4. subsurface exploration, including drilling and sampling one test boring to a depth of

approximately 31½ feet below existing site grades, and the excavation and sampling of
14 test pits to depths of approximately four to 10 feet below existing site grades;

5. collection of bulk samples of near-surface soils;
6. laboratory testing of selected soil samples;
7. engineering analyses; and,
8. preparation of this report.

Related Experience and Supplemental Information

 Wallace-Kuhl & Associates, Inc. (WKA, Inc.) previously prepared a Geotechnical
Engineering Report for the Backer Property (WKA, Inc. No. 4648.02, dated July 31,
2001), located on the south side of Elk Grove Boulevard opposite of the subject site.
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 Wallace-Kuhl & Associates, Inc. (WKA, Inc.) previously prepared a Geotechnical
Engineering Report for the Elk Grove/Bruceville Center (WKA Inc. No. 4949.02, dated
October 30, 2002), located at the southwest corner of Elk Grove Boulevard and
Bruceville Road.

Information from these reports was reviewed and utilized in the preparation of this report.

Figures and Attachments

This report contains a Vicinity Map as Figure 1; a Site Plan, showing the approximate test
boring and test pit locations, as well as remnants of former structures, piles of concrete, and
areas of fill as Figure 2A.  A Site Plan showing the approximate locations of former site
structures is presented as Figure 2B.  The Log of Boring and Logs of Test Pits completed for
this project are presented as Figures 3 through 8.  An explanation of symbols and classification
system used on the logs is included as Figure 9.  Appendix A contains information of a general
nature regarding project concepts, exploratory methods used during the field investigation
phase of our study, a description of laboratory tests performed, and laboratory test results.
Appendix B contains Earthwork Specifications that may be used in the preparation of project
plans and specifications.

Proposed Development

Review of the Preliminary Grading and Drainage Plan prepared by MacKay & Somps, dated
July 8, 2014, indicates the approximate 8.6-acre site is being considered for residential
development with 40 single-family residential lots.  We assume residential construction will
consist of one- and two-story wood-frame structures with interior slab-on-grade lower floors.
Structural loads for the houses are anticipated to be relatively light based on this type of
construction.  We understand there will be a pump station constructed within a manhole located
near the southern site boundary, and that the manhole will be approximately 20 feet deep.
Associated development will include construction of underground utilities, exterior flatwork,
interior streets, and typical residential landscaping.

FINDINGS

Historical Aerial Photograph Review

We reviewed historical topographic maps from the years 1957 through 2015. Review of the
1957 photograph shows the approximate southern two-thirds of the property consisted of
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undeveloped pastureland. A heavy concentration of mature trees and five structures, one with
a pool, are visible across the northern portion of the property. Available aerial photographs
from 1964, 1966, 1967 and 1993 are blurred and the presence of a heavy concentration of
trees makes it difficult to determine the actual number of structures across the northern portion
of the property.  An aerial photograph from 2002 show at least seven larger structures and two
additional shed like structures on the northernmost central portion of the property. Review of
available aerial photographs taken after 2002 up to the middle of 2006 are too blurry to be able
to determine any additional changes to the property.  An aerial photographs from around the
middle of 2006 indicates the structures visible in earlier aerial photographs have been
demolished. Review of aerial photographs taken after 2006 through 2015 indicate the site
remained essentially unchanged during this period.

Site Description

The subject property is located on the north side of Elk Grove Boulevard, west of Bruceville
Road in Elk Grove, California (Figure 1).  The site is bordered to the north by a parking lot and
a house; to the east by residential and commercial development; to the south by Elk Grove
Boulevard; and, to the west by a church and the Laguna Creek Racquet Club. At the time of
our investigation, January 25, 2016, the site was undeveloped and the near-surface soils
across the approximate southern two-thirds of the site were loose from previous discing
operations. Mature trees were observed along the western boundary of the property and
scattered across the northern portion of the site. The remnants of an asphalt paved road was
observed traversing north-south near the western border of the site along the tree line,
terminating near the north-central border of the property. A capped water well was observed
near the northern-central boundary of the property. Foundation remnants extending
approximately four to five feet deep below existing site grade were observed on the northern
portion of the property near the west border of the property (Figure 2A).  End dumped piles of
concrete, rubble and debris were observed at various locations across the northern portion of
the site.

A depression approximately 30 feet wide by about 50 feet in length and about eight feet in
depth was observed east of the foundation remnants. A well and a concrete vault were
observed at the top of the eastern side of the depression, and several rows of end-dumped soil
stockpiles were observed on the north side of the depression. The concrete vault was
approximately 10 feet in length by six feet wide. At the time of our subsurface investigation, the
top from the concrete vault was removed and the depth of the vault was determined to be
approximately 25 feet deep.  The bottom of the vault contained debris and metal pipes. An
approximate 18 to 24 inch diameter pipe was observed within the north sidewall near the
bottom of the vault. The concrete top to the vault was replaced after measuring the depth.
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An elevated area of fill, about two to three feet higher than the surrounding grade, was
observed adjacent to the south side of the depression.  The area was approximately 100 feet in
length by about 50 feet wide. During our site investigation our field engineer was informed by
Mr. Stathos that the fill material was obtained during grading operation during the development
of Carlton Plaza, adjacent to the southeast border of the site.

Our field engineer was also informed that one or two below grade concrete tanks were
previously removed by Ramcon.  Representatives with Ramcon informed our field engineer that
the tank excavations were loosely backfilled. During our subsurface investigation, we identified
three areas containing loose backfill and organics within Test Pits 2, 3, and 5. The depth of the
fill in Test Pits 2 and 3 was approximately 6 and 5½ feet respectively.  The fill in Test Pit 5 was
about nine feet deep. Ramcon provided us with a document titled “In-Place Septic Tank
Abandonment/Destruction Procedure” prepared by Sacramento County.  The document
contained a hand drawn map identifying seven locations with numbers and associated pictures
of four of the locations.  The pictures show concrete tops and a depression containing a
shopping cart and debris.

Topography of the site is essentially flat, with the exception of the depression, with an average
surface elevation of about +30 feet relative to mean sea level (msl), based on topographic
information contained on the Preliminary Grading and Drainage Plan prepared by MacKay &
Somps, dated July 8, 2014.

Soil Conditions

Fourteen exploratory test pits were excavated across the property and one boring was drilled at
the proposed pump station location on January 25, 2016, at the approximate locations shown
on Figure 2A.

The test pits indicate a near-surface soil profile generally consists of about one to 4½ feet of
sandy silts and silty fine sands overlying a layer of sandy to silty clay ranging from about ½ foot
to 3½ feet in thickness.  Variably cemented sandy silts (locally known as “hardpan”) were
encountered below the clays to the explored depth of approximately 10 feet below existing site
grade within the test pits. Test Pits 2, 3, and 5 encountered undocumented fill. The fill in Test
Pits 2, 3, and 5 consisted of sandy silt with organics and was observed to extend to depths of 6,
5½, and 9 feet below existing site grades, respectively.  Test Pits 8 and 9 were excavated in the
fill on the south side of the depression.  The fill was in relatively loose condition and was about
two and three feet thick, consisting of a mixture of silty sands and sandy clays. The
approximate extent of the fill is shown on Figure 2A.
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Excavation into the rows of end-dumped soil stockpiles located on the north side of the
depression indicated the stockpiles consist primarily of a mixture of silty fine sands and sandy
silts.

The test boring indicates the surface and near-surface soils at the boring location to be
generally consistent with subsurface information obtained from the test pits.  The soils
encountered below a depth of 10 feet consist of alternating layers of clayey sands, variably
cemented clayey silts, and silty sands.  A relatively thin layer of clean sand, approximately ½
foot thick, was encountered at a depth of about 20 feet below the surface.

The soils below a depth of 20 feet consist of variably cemented clayey silts to 25 feet underlain
by silty sand to the explored depth of 31½ feet.

For detailed soil conditions at a particular location, please refer to the Logs of Soil Borings and
the Logs of Test Pits presented as Figures 3 through 8.

Groundwater

Free groundwater was not encountered within the test pits or the boring performed on January
25, 2016, to the maximum explored 31½ foot depth of the boring.

The Sacramento County Department of Public Works Groundwater Elevations Map, Fall 2007
indicates that regional groundwater beneath the site is generally present at an elevation of
approximately -40 feet msl, or at least 70 feet below the existing ground surface.

CONCLUSIONS

Effects of Existing and Past Site Development

Remnants of several removed structures were observed on the site during our field exploration.
Most notably, a 25 foot deep concrete vault, the foundation remnants of a removed structure,
and two capped wells. Piles of concrete, end-dumped soils and surface fills were also
encountered. Loose fills between 5½ to 9 feet below existing site grade were encountered in
Test Pits 2, 3, and 5 that were possibly the locations of concrete tanks that were removed and
loosely backfilled by Ramcon. These backfilled soils will require removal and replacement as
engineered fill.  We anticipate that septic tanks and leach fields may be encountered during
grading operations as well as buried rubble, burn pits, and organic concentrations. Unknown
subsurface features could also be present below grade based on our previous experience with
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development of rural residential properties.  During site clearing it will be essential that our
representative be on-site to observe the site clearing operations on a relatively continuous basis
to identify the areas that may require additional overexcavation.  This is considered to be critical
for the successful development of this property.

Bearing Capacity

Important aspects of site development will include properly backfilling the 25 foot deep concrete
vault, the removal of end-dumped stockpiles of concrete and debris, end-dumped soil stockpiles
and surface fills, and the adequate clearing of remnants of existing and former structures.

Another concern for site development and uniform structural support is the presence of
undocumented fill soils encountered in Test Pits 2, 3, 5, 8 and 9.  The fills encountered in these
test pits were not placed as engineered fill and are considered unsuitable for support of the
proposed structures and pavements at the site.  These fill soils should be removed and
replaced with engineered fill in accordance with the recommendations of this report.

Clearing operations to remove end-dumped soil stockpiles and piles of concrete and rubble,
surface and buried fills, remnants of former structures, and trees will disturb the soils and create
loose and variable soil conditions.  Disturbed areas must be excavated to expose firm,
undisturbed native soils and the excavations backfilled with engineered fill to provide adequate
and uniform support for the planned residential structures and pavements.  Engineered fill that
is properly placed and compacted as recommended in this report will be capable of supporting
the proposed structures and pavements.

2013 California Building Code Seismic Design Parameters

Section 1613 of the 2013 edition of the CBC references the American Society of Civil
Engineering (ASCE) Standard 7-10 for seismic design.  The following seismic parameters were
determined based on the site latitude and longitude using the public domain computer program
developed by the USGS.  The following parameters summarized in the table below may be
used for seismic design of the proposed residential structures.
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TABLE 1
2013 CBC/ASCE 7-10 SEISMIC DESIGN PARAMETERS

Latitude: 38.4104° N
Longitude: 121.4241° W

ASCE 7-10
Table/Figure

2013 CBC
Table/Figure

Factor/
Coefficient

Value

Short-Period MCE at
0.2 second

Figure 22-1
Figure

1613.3.1(1)
SS 0.694 g

1.0s Period MCE Figure 22-2
Figure

1613.3.1(2)
S1 0.295 g

Soil Class Table 20.3-1 Section 1613.3.2 Site Class D

Site Coefficient Table 11.4-1 Table 1613.3.3(1) Fa 1.245

Site Coefficient Table 11.4-2 Table 1613.3.3(2) Fv 1.809

Adjusted MCE Spectral
Response Parameters

Equation 11.4-1 Equation 16-37 SMS 0.864 g

Equation 11.4-2 Equation 16-38 SM1 0.534 g

Design Spectral
Acceleration Parameters

Equation 11.4-3 Equation 16-39 SDS 0.576 g

Equation 11.4-4 Equation 16-40 SD1 0.356 g

Seismic Design Category
Table 11.6-1

Section
1613.3.5(1)

Risk Category
I to IV

D

Table 11.6-2
Section

1613.3.5(2)
Risk Category

I to IV
D

Liquefaction Potential

Based on the results of our subsurface exploration, the known geologic, seismic, groundwater
and soil conditions, it is our opinion that the potential for liquefaction occurring at the site is very
low.

Excavation Conditions

Based on the information obtained during the field exploration and our local experience, we
anticipate the soils at the site will be readily excavatable with conventional earthmoving and
trenching equipment.  However, larger equipment may be required to excavate through the
underlying cemented soils (locally referred to as hardpan).

In general, we anticipate the on-site soils will likely remain stable at or near-vertical inclinations
without significant caving for relatively short periods (i.e., less than one or two days) during
utility and foundation construction.  However, excavations extending into saturated and/or
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disturbed soils, or relatively clean sands may require excavation bracing or shoring to control
sloughing and caving during utility construction.

Excavations deeper than five feet that will be entered by workers should be sloped, braced or
shored in accordance with current Occupational Safety and Health Administration (OSHA)
regulations.  The contractor must provide an adequately constructed and braced shoring
system in accordance with federal, state and local safety regulations for individuals working in
an excavation that may expose them to the danger of moving ground.

Excavated materials should not be stockpiled directly adjacent to an open trench to prevent
surcharge loading of the trench sidewalls.  Excessive truck and equipment traffic also should be
avoided near open trenches.  If material is stored or heavy equipment is operated near an
excavation, stronger shoring would be needed to resist the extra pressure due to the
superimposed loads.

Soil Expansion Potential

Laboratory test results on near-surface clays indicate these materials possess a high expansion
potential when tested in accordance with the ASTM D4829 test method (Figure A1). Additional
laboratory tests performed on a sample of near-surface clay indicates the sample possesses a
high plasticity when subjected to Atterberg Limits tests in accordance with ASTM D4318 test
method (Figure A2).

Based on the results of the laboratory testing and our experience in the area, we conclude the
near-surface clays are capable of exerting significant expansion pressures on building
foundations, interior floor slabs and exterior flatwork.  Specific recommendations to reduce the
effects of expansive soils, including alternate foundation design options and moisture
conditioning and presaturation of the slab subgrade soils, are presented in this report.

Soil Suitability for Engineered Fill Construction

The on-site soils encountered in our test pits and soil boring are considered suitable for use in
engineered fill construction, provided these materials are free of significant organics, rubble,
and other deleterious material, and are at moisture contents suitable to achieve the desired
degree of compaction. Pulverized asphalt concrete is not considered suitable for use as
engineered fill within building pads, but would be suitable for fills within pavement areas.

Imported materials, if necessary, should be granular and approved by our office prior to
importing the materials to the site.
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Pavement Subgrade Quality

Laboratory test results indicate the anticipated pavement subgrade soils are poor quality
materials for support of asphalt concrete pavements, and will require thicker pavement sections
to compensate for the lower strength of the soils.  Laboratory tests indicate that the near-
surface soils possess a Resistance ("R") value of 13 when tested in accordance with California
Test 301 (Figure A3).

Our experience with soils in the vicinity of the site, indicates treatment of the on-site surface and
near-surface clay soils with high-calcium or dolomitic quicklime can be used to improve the
pavement subgrade support quality of the soil, and reduce the require thickness of aggregate
base materials. Based upon laboratory testing and our experience with clay soil in the vicinity
of the site, it is our opinion that pavements supported on native clay soils treated with at least
four percent (by dry weight of soil) of lime can be designed using an improved R-value of at
least 50.

Soil Corrosion Potential

One sample of near-surface soil was submitted to Sunland Analytical Lab for testing to determine
pH, chloride and sulfate concentrations, and minimum resistivity to help evaluate the potential for
corrosive attack upon buried concrete.  The results of the corrosivity testing are summarized in
the following table.  Copies of the test reports are presented on Figures A4 and A5.

TABLE 2
SOIL CORROSIVITY TESTING

Analyte Test Method
Sample Identification

TP12 (1'-4')

pH CA DOT 643 Modified* 7.17

Minimum Resistivity CA DOT 643 Modified* 1150 -cm

Chloride CA DOT 417 21.2 ppm

Sulfate CA DOT 422 14.6 ppm

Sulfate – SO4 ASTM D-516 11.92 mg/kg

Notes: * = Small cell method; -cm = Ohm-centimeters; ppm = Parts per million; ppm=mg/kg
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The California Department of Transportation Corrosion and Structural Concrete Field
Investigation Branch, 2012 Corrosion Guidelines (Version 2.0), considers a site to be corrosive
to foundation elements if one or more of the following conditions exists for the representative
soil and/or water samples taken:  has a chloride concentration greater than or equal to 500
ppm, sulfate concentration greater than or equal to 2000 ppm, or the pH is 5.5 or less.  Based
on this criterion, the on-site soils tested are not considered corrosive to steel reinforcement
properly embedded within Portland cement concrete (PCC).  However, the low resistivity values
suggest the soils likely are corrosive to unprotected buried metal.

Table 4.2.1 – Exposure Categories and Classes, American Concrete Institute (ACI) 318,
Section 4.2, as referenced in Section 1904.1 of the 2013 CBC, indicates the severity of sulfate
exposure for the sample tested is Not Applicable.  Ordinary Type I-II Portland cement is
considered suitable for use on this project, assuming a minimum concrete cover is maintained
over the reinforcement.

Wallace-Kuhl & Associates are not corrosion engineers.  Therefore, if it is desired to further
define the soil corrosion potential at the site, a corrosion engineer should be consulted.

Groundwater Conditions and Seasonal Moisture

Available data indicates the permanent groundwater table is located at a depth of at least 70
feet below the existing ground surface.  Therefore, groundwater should not adversely effect
development of the project.

However, during the winter and spring months, infiltrating surface run-off water will create
saturated surface soil conditions due to the impervious nature of the underlying shallow,
cemented soils.  It is probable that grading operations attempted following the onset of winter
rains and prior to prolonged drying periods will be hampered by high soil moisture contents.
Such soils, intended for use as engineered fill, will require a prolonged period of dry weather
and/or considerable aeration to reach a moisture content suitable to achieve proper
compaction.

RECOMMENDATIONS

General

We anticipate maximum excavations and fills on the order of one to three feet for most of the
site, and up to about eight feet to backfill depressions.  The recommendations in this report are
based upon this assumption. Also, the recommendations presented below are appropriate for
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typical construction in the late spring through fall months.  The on-site soils likely will be
saturated by rainfall in the winter and early spring months.  Should the construction schedule
require work to continue during the wet months, additional recommendations can be provided,
as conditions warrant.

Due to previous site development, conditions exist at the site that likely will require additional
earthwork operations The contractor should anticipate additional excavation, backfilling, and
reworking of the areas within the vicinity of former structures and areas of fill.  The property also
contains capped water wells, which will require proper abandonment.

Site Clearing

Initially, the site should be cleared of deleterious debris, end-dumped piles of concrete, surface
and subsurface structures associated with former development of the site, including
foundations, concrete slabs, leach fields and septic tanks, underground utilities designated for
removal, including all trench backfill, and underground irrigation lines, if present. Trees and
shrubs designated to be removed should include the entire rootball and all roots larger than
one-half inch in diameter.  Wells should be destroyed in accordance with Sacramento County
Environmental Management Department requirements. Depressions resulting from clearing
operations, as well as any loose, saturated, or organically contaminated soils, as identified by
our representative, should be cleaned out to firm, undisturbed soils and widened, as necessary,
to allow access with construction equipment.  Depressions should be backfilled with engineered
fill in accordance with the recommendations contained in this report.

Undocumented surface fills should be removed to expose undisturbed native soils. The
approximate limits of the fill are shown on Figure 2A; the fill depth varies between two and three
feet and covers an area of about 50 feet wide by approximately 100 feet in length.  The fills
encountered in Test Pits 2, 3, and 5 should also be removed to expose undisturbed native soils.
The depths of the fill vary between 5½ to 9 feet deep. The bid documents should include a unit
cost (per cubic yard) for additional excavation and recompaction as engineered fill.

Site Preparation

Following site clearing, any remaining surface organics should be removed by stripping.
Strippings should not be used in general fill construction, but may be used in future backyard
areas within the proposed subdivision, provided they are kept at least five feet from the building
pads, moisture conditioned and compacted, and do not exceed a depth of two feet.  Discing of
organics into the surface soils may be a suitable alternative to stripping, depending upon the
quantity and condition of the surface vegetation at the time of grading.  Discing will be allowed
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only with our prior approval and discing operations must be continuous until organics are
adequately mixed with the soil to provide a compactable mixture.  Pockets or concentrations of
organics will not be allowed.

Structural areas to remain at-grade, or to receive fill, should be scarified to a depth of at least
12 inches. Native soils exposed at the bottom of excavations should be scarified to a depth of
six inches.  In areas that previously supported structures (Figure 2B), the existing grades
should be thoroughly ripped and cross-ripped to a depth of 12 inches to help uncover and
remove any remaining remnants of former structures, debris and rubble.  The processed soil
should then be uniformly moisture conditioned to at least two percent over optimum, and
compacted to at least 90 percent of the ASTM D1557 maximum dry density. Due to the
relatively loose nature of the surface soils, thorough moisture conditioning and recompaction of
the existing surface soils is crucial to site development.

Compaction of soil subgrades should be achieved using a heavy, self-propelled, sheepsfoot
compactor (such as a Caterpillar 815 or equivalent) and must be performed in the presence of
our representative who will evaluate the performance of the subgrade under the compaction
loads and identify loose or unstable soil conditions that could require additional excavation.
Difficulty in achieving subgrade compaction or unusual soil instability may be indications of
loose soils associated with past subsurface items such as septic tanks or dump pits.  Should
these conditions exist, the materials should be excavated to check for possible subsurface
structures and the excavations backfilled with engineered fill.

We recommend construction bid documents contain a unit price (price per cubic yard) for
additional excavation due to unsuitable materials and replacement with engineered fill. We also
recommend that a sizeable contingency be set aside to cover the increased costs that likely will
occur due to the presence of unknown subsurface features.

Engineered Fill

On-site soils will be suitable for engineered fill construction in structural areas, if free from
rubbish, rubble greater than three inches, and significant organic concentrations.  Imported fill
materials, if required, should be compactable, granular soils with an Expansion Index of 20 or
less and be free of particles greater than three inches in maximum dimension.  Imported soils
should be approved by our office prior to being transported to the site.  Also, if import fills are
required (other than aggregate base), the contractor must provide appropriate documentation
that the import is clean of known contamination and within acceptable corrosion limits.
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Engineered fill should be placed in lifts not exceeding six inches in compacted thickness with
each lift being uniformly moisture conditioned to at least two percent above the optimum
moisture content and compacted to not less than 90 percent of the maximum dry density per
ASTM D1557.

Differential Fill Depths

Individual buildings should not be supported upon differential fill depths greater than five feet.
This could occur in areas where new construction will span onto or across the backfill from the
former pool excavation, removed structures, or overexcavated areas.

Overexcavation and recompaction of the affected building pads should be performed to limit the
differential fill depths on building pads with differential fill depths greater than five feet.  The cut
portion or shallower fill portion of the pad should be excavated to provide a fill differential of less
than five feet.  For example, if part of a building pad is to be located over an area that is nine
feet deep, the entire building pad should be excavated four feet to limit the differential fill below
the pad to five feet or less.  The resulting overexcavated pad should then be uniformly brought
up to the final pad elevation. Once complete, the grading plans should be reviewed by our firm
to determine which pads if any, will require over-excavation to limit differential fill depths.

Concrete Vault Backfill

Based on the depth of the concrete vault, it is our opinion that the most appropriate method to
backfill the vault would be to use controlled low strength material (CLSM), also referred to as
controlled density fill (CDF).  Prior to placement of the CLSM, the concrete vault walls should be
removed to a depth of at least five feet, although the removal may need to be deeper if the
structure will interfere with the future improvements.  Debris at the bottom of the vault and
vertical piping within the vault should be removed and the open pipe within the sidewall of the
vault should be sealed off prior to placement of CLSM.  We recommend the CLSM achieve a
28-day compressive strength in the range of 100 to 200 pounds per square inches (psi).
Experience on a recent project suggests that a 1½ to 2 sack mix is capable of achieving the
desired strength.  However, the contractor retained for this repair should select an appropriate
mix to achieve the desired strength.

As a minimum the CLSM should extend vertically to an elevation of five feet below the bottom
of proposed finished, provided that it does not conflict with future underground utilities or other
planned subsurface development.  The final five feet of backfill should consist of native on-site
materials moisture conditioned to at least two percent above the optimum moisture content and
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compacted to at least 90 percent of the ASTM D1557 maximum dry density.  The CLSM should
be allowed to cure for at least two days before placing and compacting engineered fill.

Final Subgrade Preparation

The upper 12 inches of all final building pad subgrades, should be moisture conditioned to two
percent above the optimum moisture content and uniformly compacted to at least 90 percent of
the maximum dry density as determined by ASTM D1557, regardless of whether final subgrade
elevation is attained by filling, excavation or is left at existing grade.

The upper six inches of all final pavement subgrades should be moisture conditioned to
conditioned to at least the optimum moisture content and uniformly compacted to at least 95
percent of the maximum dry density as determined by the ASTM D1557 Test Method,
regardless of whether final subgrade elevation is attained by filling, excavation or is left at
existing grade.

Site earthwork should be accomplished in accordance with the recommendations of this section
and the Earthwork Specifications provided in Appendix B. A representative of the Geotechnical
Engineer should be present on a regular basis during all clearing and grading operations to
verify adequate removal of remnants from former construction, and also to verify thorough
recompaction of disturbed soils and observe and test fill materials, as necessary. The
Geotechnical Engineer referenced herein is the Geotechnical Engineer that is retained to
provide the construction testing services.

Utility Trench Backfill

Bedding of utilities and initial backfill should be in accordance with the manufacturer’s
recommendations for the pipe materials selected, and the City of Elk Grove Standards, latest
edition.

We recommend that native soil be used to backfill utility trenches, especially within building
areas.  Utility trench backfill should be placed in maximum 12-inch lifts (compacted thickness),
moisture conditioned to two percent above the optimum moisture content, and mechanically
compacted to at least 90 percent of the maximum dry density as determined by ASTM D1557.
Within the upper six inches of pavement areas the minimum compaction should be increased to
95 percent.

We recommend that underground utility trenches that are aligned nearly parallel with
foundations be at least three feet from the outer edge of foundations, wherever possible.  As a
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general rule, trenches should not encroach into the zone extending outward at a horizontal to
one vertical (1:1) inclination below the bottom of the foundations.  Additionally, trenches parallel
to existing foundations should not remain open longer than 72 hours.  The intent of these
recommendations is to prevent loss of both lateral and vertical support of foundations, resulting
in possible settlement.

Foundation Design

Based upon results of our investigation, the laboratory test results, and our extensive
experience in the area, we recommend one- and two-story residential structures be supported
on either post-tensioned foundations or deepened and heavily reinforced conventional
foundations with conventional interior slabs-on-grade. In our experience, post-tensioned slabs
typically provide less risk of foundation movement related to the potential expansion of the
onsite clays.  Recommendations for each foundation type are provided below.

Post-Tensioned Concrete Foundation/Slab Systems

We have computed the following post-tensioned concrete foundation/floor slab system design
parameters presented as Table 3, based on the characteristics of the on-site soils.  Specific
design of post-tensioned foundation/slab systems should performed by a qualified structural
engineer using the following geotechnical engineering parameters, which were derived from the
results of laboratory tests and guidelines contained in the Post-Tensioning Institute Design
Manual (Third Edition).

TABLE 3
PT SLAB DESIGN PARAMETERS

1. Thornthwaite Moisture Index = -20
2. Average Edge Moisture Variation Distance (Em):

Center Lift = 8.0 feet
Edge Lift = 4.1 feet

3. Plasticity Index = 30
4. Plastic Limit = 21
5. Liquid Limit = 51
6. Percent Clay = 33% (≤ 0.002 mm)
7. Activity Ratio (Ac) = 0.90
8. Zone = II
9. Approximate Depth to Constant Moisture = 5.0 feet

10. Approximate Soil Suction = 3.9 pF

11. Anticipated Swell (Ym):     Center Lift = 0.50 inches
Edge Lift = 1.0 inches
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The post-tensioned slab foundation should not exert more than 1500 pounds per square foot
(psf) on the building pad soils for the dead plus live load conditions.  The allowable post-
tensioned slab bearing capacity may be increased by 1/3 to include wind or seismic forces.

The project structural engineer should determine the appropriate thickness of the post-
tensioned foundations.  However, in the greater Sacramento area a minimum of a 10-inch thick
slab, deepened to 12 inches at the perimeter is a commonly used post-tensioned foundation.

We recommend the 10-inch thick portion of the slab be underlain by a durable vapor retarder
membrane barrier (at least 10 mils thick) placed directly on the soil subgrade.  Prior to
placement of the vapor retarder, the subgrade soils should be moisture conditioned to at least
two percent above the optimum moisture content to a depth of at least 12 inches.  Our
representative should confirm the subgrade soils are at the appropriate moisture content within
48 hours of slab construction.

Conventional Foundations

Alternatively, one- and two-story residential structures may be supported upon continuous
and/or isolated spread foundations that extend at least 18 inches into the compacted building
pad, as measured from lowest adjacent soil grade.  For this project, the building pad subgrade
is defined as the soil surface on which capillary break gravel is placed.  A continuous,
reinforced foundation should be utilized for the perimeter of the structures to act as a “cut-off” to
help minimize moisture infiltration and variations beneath the interior slab-on-grade areas of the
structure.  Continuous foundations should be at least 12 inches wide; isolated spread
foundations should maintain a minimum 24-inch dimension.

Foundations bearing in undisturbed or recompacted native soils, engineered fill, or a
combination of those materials may be sized for maximum vertical compressive loads utilizing
maximum allowable soil bearing pressures of 2500 pounds per square foot (psf) for dead plus
live load; this bearing value may be increased by one-third to include the effects of seismic or
wind forces.  The weight of foundation concrete extending below lowest adjacent soil grade
may be disregarded in sizing computations.

We recommend that all foundations be adequately reinforced to provide structural continuity,
mitigate cracking and permit spanning of local soil irregularities.  The structural engineer or civil
engineering consultant should determine final foundation reinforcing requirements.

Resistance to lateral displacement of shallow foundations may be computed using an allowable
friction factor of 0.25 multiplied by the effective vertical load on each foundation.  Additional
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lateral resistance may be achieved using an allowable passive earth pressure against the
vertical projection of the foundation equal to an equivalent fluid pressure of 300 psf per foot of
depth.  These two modes of resistance should not be added unless the frictional component is
reduced by 50 percent since mobilization of the passive resistance requires some horizontal
movement, effectively reducing the frictional resistance.

Sound Wall Systems

Perimeter sound walls may be supported upon conventional foundations utilizing the design
parameters provided in the Foundation Design section of this report, or drilled, cast-in-place
reinforced concrete piers (drilled piers).  Piers for support of sound walls should be at least 12
inches in diameter and extend at least three feet below lowest adjacent soil grade.

Drilled piers extending at least three feet below the ground surface may be sized utilizing a
maximum allowable vertical bearing capacity of 3000 psf or an allowable skin friction of 250 psf
for dead plus live loads, applied over the surface of the pier.  Those values may be increased
by one-third to include short-term wind or seismic forces.  The weight of foundation concrete
below grade may be disregarded in sizing computations if designed as end-bearing piers.

Uplift resistance of pier foundations may be computed using the following resisting forces,
where applicable:  1) weight of the pier concrete (150 pounds per cubic foot) and, 2) the
allowable skin friction of 250 psf applied over the shaft area of the pier.  Increased uplift
resistance can be achieved by increasing the diameter of the pier or increasing the depth.

The upper 12 inches of skin friction should be disregarded unless the pier is completely
surrounded by concrete or pavements for a distance of at least three feet from the edge of the
foundation pier.

Sizing of piers to resist lateral loads can be evaluated using Section 1807.1 of the 2013
California Building Code (CBC).  A value of 300 pcf for lateral bearing as defined in Table
1806.2 of the 2013 CBC may be used for the coefficients S1 and S3 for the nonconstrained and
constrained conditions, respectively.  Per section 1806.1 of the 2013 CBC, an increase of 1/3 is
permitted when using the alternate load combinations in Section 1605.3.2 that include wind or
earthquake loads.  The upper 12 inches of the soil should be disregarded for the
nonconstrained condition.
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Retaining Walls

Retaining walls may be supported upon continuous foundations bearing upon undisturbed
native surface soils, engineered fill, or a combination of these materials.  Retaining walls
capable of slight rotation about their base (unrestrained at the top or sides) should be capable
of resisting an "active" lateral earth pressure equal to an equivalent fluid pressure of 45 psf per
foot of wall backfill for horizontal backfill conditions for a distance equal to at least the wall
height.  Retaining walls that are fixed at the top should be capable of resisting an "at-rest"
lateral earth pressure equal to an equivalent fluid pressure of 55 psf per foot for horizontal
backfill conditions for a distance equal to at least the wall height.

Retaining walls could experience additional surcharge loading if vehicles are parked or at-grade
foundations are constructed within a one horizontal to one vertical (1:1) projection from the top
of the retaining wall.  Surcharge loading under these circumstances should be evaluated on a
case-by-case basis.

Retaining wall foundations should extend at least 18 inches below lowest adjacent soil grade,
and may be designed utilizing the parameters provided in the Foundation Design section of this
report for conventional foundations.

Retaining walls should be fully drained to prevent the build-up of hydrostatic pressure behind
the wall.  Retaining walls should be provided with a drainage blanket (Class 2 permeable
material) at least one (1) foot wide extending from the base of wall to within one foot of the top
of the wall.  The top foot above the drainage layer should consist of compacted soil backfill.
Weep holes or perforated rigid pipe should be provided near the base of the wall to allow
drainage of accumulated water.  Drain pipes, if used, should slope to discharge at no less than
a one percent fall to suitable drainage facilities.  Open-graded ½- to ¾-inch crushed rock may
be used in lieu of the Class 2 permeable material, if the rock and drain pipe are completely
enveloped in an approved non-woven geotextile filter fabric.  Alternatively, geotextile drainage
composites such as MiraDRAIN® may be used in lieu of the drain rock layer. If used,
geocomposite drain panels should be installed in conformance with the manufacturer’s
recommendations.  Detailing of wall drainage should be provided by the designer of the
retaining wall.

Structural backfill materials for retaining walls, other than the drainage layer, should consist of
granular soils free of significant quantities of rubbish, rubble, organics and rock over three (3)
inches in size; clays are not allowed for use as wall backfill. Structural backfill should be placed
in lifts not exceeding 12 inches in compacted thickness, and should be mechanically compacted
to at least 90 percent relative compaction based on ASTM D1557.
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Interior Floor Slab Support

The following recommendations apply only to interior slab-on-grade floors used in conjunction
with conventional foundations.

Due to the presence of expansive clay soils, moisture conditioning of subgrade soils prior to
placement of floor slab concrete is considered essential.  Immediately prior to slab concrete
placement, the subgrade soils, to a depth of least 12 inches, should be brought to a uniform,
near-saturated moisture condition by liberal watering or sprinkling.  Slab subgrade moisture
condition should be field checked by our representative within 48 hours prior to slab placement.
Due to saturation of these upper soils, it is imperative that moisture vapor penetration
resistance techniques be utilized in design and construction of conventional interior floor slabs.

Slabs-on-grade should be at least four inches thick, although final thickness, reinforcement and
joint spacing should be determined by the slab designer.  Proper and consistent location of the
reinforcement near mid-slab is essential to its performance.  The risk of uncontrolled shrinkage
cracking is increased if the reinforcement is not properly located within the slab.

Floor slabs should be underlain by a layer of free-draining crushed rock, serving as a deterrent
to migration of capillary moisture.  The crushed rock layer should be at least four inches thick
and graded such that 100 percent passes a one-inch sieve and no appreciable material passes
a No. 4 sieve.  Additional moisture protection can be provided by placing a vapor retarder
membrane (at least 10-mils thick) directly over the crushed rock.  The membrane should meet
or exceed the minimum specifications as outlined in ASTM E1745 and be installed in strict
conformance with the manufacturer’s recommendations.

Floor slab construction over the past 30 years or more has included placement of a thin layer of
sand over the vapor retarder membrane.  The intent of the sand is to aid in the proper curing of
the slab concrete.  However, recent debate over excessive moisture vapor emissions from floor
slabs includes concern for water trapped within the sand.  As a consequence, we consider the
use of the sand layer as optional.  The concrete curing benefits should be weighed against
efforts to reduce slab moisture vapor transmission.

The recommendations presented above are intended to mitigate any significant soils-related
cracking of the slab-on-grade floors.  More important to the performance and appearance of a
Portland cement concrete slab is the quality of the concrete, the workmanship of the concrete
contractor, the curing techniques utilized, and the spacing of control joints.
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Floor Slab Moisture Penetration Resistance

Presaturation of the subgrade soils prior to slab placement will result in wet floor slab subgrade
soils.  For this reason, it should be assumed that all slabs in living areas, as well as those
intended for moisture-sensitive floor coverings or materials, require protection against moisture
or moisture vapor penetration.  Standard practice includes the gravel/sand and vapor retarder
membrane as suggested above.  However, the gravel/sand and membrane offer only a limited,
first-line of defense against soil-related moisture.  Recommendations contained in this report
concerning foundation and floor slab design are presented as minimum requirements, only from
the geotechnical engineering standpoint.

It is emphasized that the use of a membrane below the slab will not "moisture proof" the slab,
nor does it assure that slab moisture transmission levels will be low enough to prevent damage
to floor coverings or other building components. If increased protection against moisture vapor
penetration of slabs is desired, a concrete moisture protection specialist should be consulted.  It
is commonly accepted that maintaining the lowest practical water-cement ratio in the slab
concrete is one of the most effective ways to reduce future moisture vapor penetration of the
completed slabs.

Exterior Flatwork

The soil subgrade in areas to receive exterior concrete flatwork (e.g., sidewalks, patios,
driveways, etc.) should be moisture conditioned to at least two percent above the optimum
moisture content, prior to the placement of the concrete.  Proper moisture conditioning of the
subgrade soils is considered essential to the performance of exterior flatwork. Expansion joints
should be provided to allow for minor vertical movement of the flatwork. Uniform moisture
conditioning of subgrade soils is important to reduce the risk of non-uniform moisture
withdrawal from the concrete and the possibility of plastic shrinkage cracks.  Practices
recommended by the Portland Cement Association (PCA) for proper placement and curing of
concrete should be followed during exterior concrete flatwork construction.  Expansion joints
should be provided to allow for minor vertical movement of the flatwork.

Consideration should be given to thickening the edges of sidewalks and patios to at least twice
the slab thickness.  Flatwork reinforcement for crack control, if desired, should be determined
by the exterior flatwork designer.

Areas adjacent to new exterior flatwork should be landscaped to maintain more uniform soil
moisture conditions adjacent to and under flatwork.  We recommend final landscaping plans not
allow fallow ground adjacent to exterior concrete flatwork.
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Subgrade preparation and base requirements for sidewalks, curbs and gutters adjacent to the
street should conform to the City of Elk Grove Standards.

Pavement Design

Based upon the laboratory test results on the surface and near-surface soils, and using City of
Elk Grove Standards for varying street right-of-ways, we have calculated the following alternate
pavement sections.  The procedures used for design are in general conformance with Chapters
600 to 670 of the California Highway Design Manual, 6th Edition, and the City of Elk Grove,
October 2007 Improvement Standards, Section 4 – Street Design Standards.  An untreated R-
value of 10 was used for the design of on-site pavements.  The project civil engineer should
determine the appropriate traffic index based on anticipated traffic conditions.

TABLE 4
PAVEMENT DESIGN ALTERNATIVES

Traffic
Index
(TI)

Street Classification

Untreated Pavement
Subgrade

R-value = 10

Lime-treated
Pavement Subgrade

R-value = 50
Type B
Asphalt

Concrete
(inches)

Class 2
Aggregate

Base
(inches)

Type B
Asphalt

Concrete
(inches)

Class 2
Aggregate

Base
(inches)

6.5 Local Residential
(42', 46', 48' R.O.W) 4** 13 4** 5**

6.5
Residential Collector /

Cul-de-sacs
(50' to 66' R.O.W)

4** 13 4** 5**

*    = Asphalt concrete thickness includes the Caltrans Safety Factor.
**  = Minimum thickness per City of Elk Grove Standards
(a) = Lime-treated subgrade should be at least 12 inches thick and possess a minimum

R-value of 50 when tested in accordance with CT 301.

For untreated pavement subgrades with an R-value less than 30, the City of Elk Grove requires
the use of a geotextile fabric conforming with AASHTO M228-96 specifications be used in
construction.  Installation of pavement edge drains at least 12 inches deep also are required on
both sides of the streets and are to be located at the back of curb on all untreated pavement
subgrades.  The use of geotextile fabric and installation of edge drains are not required where
pavement subgrades are lime treated.
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Lime Treatment of Pavement Subgrade Soils

The native clay soils are anticipated to react well with the addition of quicklime (high-calcium or
dolomitic) and could enhance the support characteristics of the subgrade and allow for a
reduction in the aggregate base section.  Chemical treatment of subgrade soils as part of the
pavement section would be subject to approval by the City of Elk Grove and should be
performed in accordance with Section 24 of the Caltrans Standard Specifications. For
estimating purposes only, we recommend a minimum spread rate of at least 4½ pounds of
quicklime per square foot of mixing depth (at least 12 inches).  Lime-treated subgrades should
be compacted to not less than 95 percent of the ASTM D1557 maximum dry density, at a
moisture content of at least two percent above the optimum moisture content.  If chemical
treatment alternates are selected for use at this site, testing should be performed during
construction to verify that the design parameters are achieved in the field.

We emphasize that the performance of pavements is critically dependent upon uniform and
adequate compaction of the soil subgrade, as well as all engineered fill and utility trench backfill
within the limits of the pavements.  We recommend that pavement subgrade preparation, i.e.
scarification, moisture conditioning and compaction, be performed after underground utility
construction is completed and just prior to aggregate base placement.  The upper six inches of
untreated subgrade soils should be compacted to at least 95 percent relative compaction at two
percent above the optimum moisture content.  All aggregate base should be compacted to at
least 95 percent of the maximum dry density.

Materials quality and construction of the structural section should conform to the applicable
provisions of the Caltrans Standard Specifications and the City of Elk Grove Standards, latest
editions.

Efficient drainage of all surface water to avoid infiltration and saturation of the supporting
aggregate base and subgrade soils is important to pavement performance.  Weep holes could
be provided at drainage inlets, located at the subgrade-base interface, to allow accumulated
water to drain from beneath the pavements.

Site Drainage

Final site grading should be accomplished to provide positive drainage of surface water away
from structures and prevent ponding of water adjacent to foundations, slabs or pavements.  The
grade adjacent to houses should be sloped away from foundations at a minimum two percent
slope for a distance of at least five feet, where possible.  Roof gutter downspouts and surface
drains should drain onto pavements or be connected to rigid non-perforated piping directed to
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an appropriate drainage point away from the houses.  Ponding of surface water should not be
allowed adjacent to the buildings or pavements.  Landscape berms, if planned, should not be
constructed in such a manner as to promote drainage toward structures.

Geotechnical Engineering Observation and Testing During Earthwork

Site preparation should be accomplished in accordance with the recommendations of this report
and the Earthwork Specifications provided in Appendix B.  Representatives of the Geotechnical
Engineer should be present during site preparation and all grading operations to observe and
test the fill to verify compliance with our recommendations and the job specifications.  Testing
frequency will depend on how the site is graded and should be determined during the rough
grading operations.  These services are beyond the scope of work authorized for this
investigation.

In the event that Wallace-Kuhl & Associates is not retained to provide geotechnical engineering
observation and testing services during construction, the Geotechnical Engineer retained to
provide these services should indicate in writing that they agree with the recommendations of
this report, or prepare supplemental recommendations as necessary.  A final report by the
Geotechnical Engineer providing construction testing services should be prepared upon
completion of the project.

LIMITATIONS

Our recommendations are based upon the information provided regarding the proposed project,
combined with our analysis of site conditions revealed by the field exploration and laboratory
testing programs.  We have used our engineering judgment based upon the information
provided and the data generated from our investigation.  This report has been prepared in
substantial compliance with generally accepted geotechnical engineering practices that exist in
the area of the project at the time the report was prepared.  No warranty, either express or
implied, is provided.

If the proposed construction is modified or re-sited; or, if it is found during construction that
subsurface conditions differ from those we encountered at the boring and/or test pit locations,
we should be afforded the opportunity to review the new information or changed conditions to
determine if our conclusions and recommendations must be modified.
We emphasize that this report is applicable only to the proposed construction and the
investigated site, and should not be utilized for construction on any other site.
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APPENDIX A

A. GENERAL INFORMATION

The performance of a geotechnical engineering investigation for the proposed Stathos
Cove Subdivision to be constructed on the north side of Elk Grove Boulevard, west of
Bruceville Road in Elk Grove, California was authorized by Mr. Frank Stathos on
January 25, 2016. Authorization was for an investigation as described in our proposal
letter dated January 11, 2016, sent to our client Mr. Frank Stathos c/o TSX, Inc., whose
address is 4321 Lantzy Court, Sacramento, California; telephone (916) 612-4432.

The project civil engineering consultant is MacKay & Somps, whose mailing address is
1552 Eureka Avenue, Suite 100, Roseville, California 95661; telephone (916) 773-1189;
facsimile (916) 773-2595.

In performing this investigation, we made reference to a Preliminary Grading and
Drainage Plan, dated July 8, 2014 and a Conceptual Sanitary Sewer Facilities Map,
dated July 9, 2014. Both drawings were prepared by MacKay & Somps.

B. FIELD EXPLORATION

A total of 14 exploratory test pits were excavated across the site on January 25, 2016,
utilizing a Hitachi 5U Mini Excavator equipped with a 24-inch wide bucket. The test pits
were excavated to the approximate depths ranging from four to 10 feet at the
approximate locations indicated on Figure 2A.  At the test pit locations bulk samples
were collected of the near-surface soils. At various intervals, relatively undisturbed soil
samples were recovered with a 6-inch long, 2¼-inch O.D., 2-inch I.D. sampler driven by
a 10-pound, hand-operated slide hammer.

One boring was drilled at the location of the proposed pump station on January 25,
2016, at the approximate location indicated on Figure 2A.  The boring was performed
utilizing a CME-75 truck-mounted drill rig equipped with six-inch diameter, solid-flight
helical augers.  The boring was drilled to a maximum depth of approximately 31½ feet
below existing site grade. At various intervals, relatively undisturbed soil samples were
recovered with a 2½-inch O.D., 2-inch I.D., modified California sampler driven by an
automatic 140-pound hammer freely falling 30 inches.  The number of blows of the
hammer required to drive the 18-inch long sampler each 6-inch interval was recorded.
The sum of the blows required to drive the sampler the lower 12-inch interval is
designated the penetration resistance or "blow count" for that particular drive.
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The samples were retained in 2-inch diameter by 6-inch long thin-walled brass tubes
contained within the sampler.  Immediately after recovery, the soils in the tubes were
visually classified by the field engineer and the ends of the tubes were sealed to
preserve the natural moisture contents.  All samples were taken to our laboratory for
additional soil classification and selection of samples for testing.

The Boring Log and Test Pit Logs, Figures 3 through 8, contain descriptions of the soils
encountered at each boring or test pit location.  A Boring Legend explaining the Unified
Soil Classification System and the symbols used on the logs is contained on Figure 9.

C. LABORATORY TESTING

Selected undisturbed samples of the soils were tested to determine dry unit weight
(ASTM D2937), natural moisture content (ASTM D2216) and unconfined compressive
strength (ASTM D2166).  The results of these tests are included on the boring log and
test pit logs at the depth each sample was obtained.

One bulk sample of near-surface soil was subjected to Expansion Index testing (ASTM
D4829); the results of the test are presented on Figure A1.  The same sample was
tested to determine the Atterberg limits (ASTM D4318).  The results of this test are
presented on Figure A2.

One bulk sample of anticipated pavement subgrade soil was subjected to Resistance-
value ("R-value") testing in accordance with California Test 301. The results of the R-
value test, which were used in the pavement design, are presented on Figure A3.

A representative sample of near-surface soil was submitted to Sunland Analytical for
corrosivity testing in accordance with California Test (CT) No. 643 (Modified Small Cell),
CT 417, CT 422, and ASTM D516.  Copies of the analytical results are presented on
Figures A4 and A5.

To assist in the computation of post-tensioned slab design parameters, a hydrometer
test was performed to determine the percentage of the near-surface clay soils passing
the No. 200 sieve (ASTM D1140).  The results of this test are presented on Figure A6.
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APPENDIX B

EARTHWORK SPECIFICATIONS

STATHOS COVE

Elk Grove, California

WKA No. 10842.01

GEOTECHNICAL ENGINEERING REPORT

A Geotechnical Engineering Report (WKA No. 10842.01; dated February 25, 2016) has been

prepared for this site by Wallace - Kuhl & Associates, Geotechnical Engineers of West

Sacramento, California; (916) 372-1434.  A copy is available for review at the office of Wallace -

Kuhl & Associates.  The information contained in the Geotechnical Engineering Report was

obtained for design purposes only.

GENERAL DESCRIPTION

This item shall include all clearing and grubbing, site demolition, preparation of land to be filled,

spreading, compaction, observation and testing of the fill, and all subsidiary work necessary to

complete the grading of the site to conform with the lines, grades and slopes as shown on the

accepted plans.

CLEARING, GRUBBING AND PREPARING BUILDING AND PAVEMENT AREAS

Initially, the site shall be cleared of deleterious debris, end-dumped piles of concrete, surface

and subsurface structures associated with former development of the site, including

foundations, concrete slabs, leach fields and septic tanks, underground utilities designated for

removal, including all trench backfill, and underground irrigation lines, if present. Trees and

shrubs designated to be removed shall include the entire rootball and all roots larger than

one-half inch (½") in diameter.  Wells shall be destroyed in accordance with Sacramento

County Environmental Management Department requirements. Depressions resulting from

clearing operations, as well as any loose, saturated, or organically contaminated soils, as

identified by our representative, shall be cleaned out to firm, undisturbed soils and widened, as
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necessary, to allow access with construction equipment.  Depressions shall be backfilled with

engineered fill in accordance with the recommendations contained in this report.

Undocumented surface fills shall be removed to expose undisturbed native soils.  The

approximate limits of the fill are shown on Figure 2A; the fill depth varies between two (2’) and

three (3’) feet and covers an area of about fifty feet (50’) feet wide by approximately one

hundred feet (100’) in length.  The fills encountered in Test Pits 2, 3, and 5 shall also be

removed to expose undisturbed native soils.  The depths of the fill vary between five and a half

feet (5½’) to nine feet (9’) feet deep. The bid documents shall include a unit cost (per cubic

yard) for additional excavation and recompaction as engineered fill.

Following site clearing, remaining surface organics shall be removed by stripping.  Strippings

shall not be used in general fill construction, but may be used in future backyard areas within

the proposed subdivision, provided they are kept at least five feet (5’) from the building pads,

moisture conditioned and compacted, and do not exceed a depth of two feet (2’).  Discing of

organics into the surface soils may be a suitable alternative to stripping, depending upon the

quantity and condition of the surface vegetation at the time of grading.  Discing will be allowed

only with our prior approval and discing operations must be continuous until organics are

adequately mixed with the soil to provide a compactable mixture.  Pockets or concentrations of

organics will not be allowed.

Structural areas to remain at-grade, achieved by excavation or to receive fill, shall be scarified

to a depth of at least twelve inches (12”).  Soils exposed at the bottom of excavations shall be

scarified to a depth of six inches (6”).  In areas that previously supported structures (Figure 2B),

the existing grades shall be thoroughly ripped and cross-ripped to a depth of twelve inches (12”)

to help uncover and remove any remaining remnants of former structures, debris and rubble.

The processed soil shall then be uniformly moisture conditioned to at least two percent (2%)

over the optimum moisture, and compacted to at least ninety percent (90%) of the ASTM

D1557 Test Method. Due to the relatively loose nature of the surface soils, thorough moisture

conditioning and recompaction of the existing surface soils is crucial to site development.

Compaction of soil subgrades shall be achieved using a heavy, self-propelled, sheepsfoot

compactor (such as a Caterpillar 815 or equivalent) and shall be performed in the presence of

the Geotechnical Engineer’s representative who will evaluate the performance of the subgrade
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under the compaction loads and identify loose or unstable soil conditions that could require

additional excavation.  Difficulty in achieving subgrade compaction or unusual soil instability

may be indications of loose soils associated with past subsurface items such as septic tanks or

dump pits.  Should these conditions exist, the materials shall be excavated to check for possible

subsurface structures and the excavations backfilled with engineered fill.

Construction bid documents contain a unit price (price per cubic yard) for additional excavation

due to unsuitable materials and replacement with engineered fill.

The concrete vault shall be backfilled with controlled low strength material (CLSM), also

referred to as controlled density fill (CDF).  Prior to placement of the CLSM, the concrete vault

walls extending five feet (5’) below future finish grade shall be removed.  Debris at the bottom

of the vault and vertical piping within the vault shall be removed and the open pipe within the

sidewall of the vault shall be sealed off prior to placement of CLSM. The CLSM shall achieve a

28-day compressive strength in the range of 100 to 200 pounds per square inches (psi).

Experience on a recent project suggests that a one and a half (1½) to two (2) sack mix is

capable of achieving the desired strength.  However, the contractor shall select an appropriate

mix to achieve the desired strength.

As a minimum the CLSM shall extend vertically to an elevation of five feet (5’) below the bottom

of proposed finished grade, provided that it does not conflict with future underground utilities or

other planned subsurface development.  The final five feet (5’) of backfill shall consist of native

on-site materials moisture conditioned to at least two percent (2%) above the optimum moisture

content for clay soils and compacted to at least ninety percent (90%) of the ASTM D1557

maximum dry density. The CLSM shall be allowed to cure for at least two (2) days before

placing and compacting engineered fill.

Individual buildings shall not be supported upon differential fill depths greater than five feet (5’).

This is especially important in areas where new construction will span onto or across the backfill

from former pool excavation, removed structures, or overexcavated areas. When fill

differentials exceed five feet (5') excavation shall be performed on the cut portion or shallower

fill portion of the building pad to reduce the fill differential of five feet (5').  The resulting
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overexcavated pad should then be uniformly brought up to the final pad elevation with

engineered fill.

MATERIALS

On-site soils are suitable for engineered fill construction of structural areas, if free from rubbish,

rubble greater than three inches (3”), and significant organic concentrations.  Imported fill

materials, if required, shall be compactable, granular soils with an Expansion Index of twenty

(20) or less and be free of particles greater than three inches (3”) in maximum dimension.

Imported soils shall be approved by our office prior to being transported to the site.  If import

fills are required (other than aggregate base), the contractor shall provide appropriate

documentation that the import is clean of known contamination and within acceptable corrosion

limits.

PLACING, SPREADING AND COMPACTING FILL MATERIAL

Engineered fill shall be placed in lifts not exceeding six inches (6”) in compacted thickness with

each lift being uniformly moisture conditioned to at least two percent (2%) above the optimum

moisture content, and compacted to not less than ninety percent (90%) of the ASTM D1557

Test Method.

When the moisture content of the fill material is less than the recommended minimum moisture,

water shall be added until the proper moisture content is achieved.

When the moisture content of the fill material is too high to permit the specified compaction to

be attained, the fill material shall be aerated by blading or other methods until the moisture

content is satisfactory.

Compaction of fill shall be undertaken with a heavy, self-propelled, sheepsfoot compactor

(Caterpillar 815 or equivalent) capable of achieving the specified density, and shall be

accomplished while the fill material is at the required moisture content.  Each layer shall be

compacted over its entire area until the desired density has been obtained.
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FINAL SUBGRADE PREPARATION

The upper twelve inches (12") of all final building pad subgrades shall be moisture conditioned

to two percent above the optimum moisture content and uniformly compacted to at least ninety

percent (90%) of the maximum dry density as determined by the ASTM D1557 Test Method,

regardless of whether final subgrade elevation is attained by filling, excavation or is left at

existing grade.

The upper six inches (6") of all final pavement subgrades shall be moisture conditioned to two

percent above the optimum moisture content for clay soils or to at least the optimum moisture

content for granular soils and uniformly compacted to at least ninety-five percent (95%) of the

maximum dry density as determined by the ASTM D1557 Test Method.

TESTING

Observation and testing by the Geotechnical Engineer or his representative shall be provided

during all clearing, filling and compaction operations.  The grading contractor shall give at least

twenty-four (24) hours notice prior to beginning such operations to allow proper scheduling of

the work.

SEASONAL LIMITS

Fill materials shall not be placed, spread or rolled during unfavorable weather conditions.  When

heavy rains interrupt the work, fill operations shall not be resumed until field tests indicate that

the moisture content and density of the fill are satisfactory.
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1. INTRODUCTION 
The Elk Grove Self‐Storage project encompasses approximately 7.7 acres located along the North side of 

Elk Grove Blvd in Elk Grove, CA between Backer Ranch Road and McKenna Drive. The project area 

consists of a mostly flat undeveloped area bordered on all sides by developed properties. A parking lot 

to the north, residential homes and a retirement complex to the East, an arterial road to the south, and 

a sports complex to the west. The elevations range from approximately 24 on the south of the site 

(nearest the street), to approximately 29 near the center of the site. No off‐site flows are expected to 

enter the site.  

2. PROJECT DESCRIPTION 
The intent of this project is to construct a self‐storage facility. The current impervious area is 

approximately 0% and will be increased to approximately 95% due to development of this site.  

3. EXISTING DRAINAGE CONDITIONS 
The existing on‐site drainage consists of one large shed, the south of the site is a low point compared to 

the surrounding parcels and the street and runoff does not leave the site. The average annual 

precipitation for the site is approximately 17 inches (Sacramento County Drainage Manual, Figure 4‐1).  

4. PROPOSED DRAINAGE SYSTEM AND HYDRAULICS 
The proposed site consists of 8 small water sheds and shed runoff is treated via Bioclean modular 

wetlands units. The 2018 LID Commercial LID Credits spreadsheet was used to size the Bioclean units. 

The sheds were assumed to be full impervious, and no LID credits utilized. The Capacity of the Bioclean 

units is greater than or equal to the resulting Treatment (flow based) requirement in Step 4a. 

Stormwater treatment beyond source control measures is not integrated for this site. The Preliminary 

Drainage Shed Map & Hydraulics Analysis provides the design flows (using the Nolte Method) as well as 

the pipe hydraulics of each system. 

a) 10‐YEAR 
Under the 10‐year flow conditions, the maximum capacity in the two systems are 33%, and 93% full at 

each existing outfall. The HGL was analyzed assuming the outfall pipes were at full capacity. All extents 

of pipes have HGLs below 12 inches from the rim/grate. See attached Hydraulics Analysis for details. 

5. OFF‐SITE 
As mentioned in the Introduction and Existing Drainage Conditions section of this narrative, no off‐site 

flows are expected.  

6. POST‐CONSTRUCTION BMPS 
The commercial LID credits worksheet exceeds the 100 points required for low impact standards 

utilizing the Bioclean Modular Wetland Units. 



7. CONCLUSION 
By incorporating a combination of post‐construction BMPs, the proposed project will contain 

and treat on‐site runoff prior to entering the City storm water system.  



 

STORM DRAIN CALCULATIONS MANNING'S n = 0.015

NORMAL DEPTH & VELOCITY IN CIRCULAR PIPE - DESIGN FLOW  

TRIANGLE POINT - PARCEL 6

UP 
STREAM

DOWN 
STREAM

DESIGN 
DISCHARGE

UP 
STREAM

DOWN 
STREAM

PIPE 
LENGTH SLOPE PIPE DIA FRICTION FLOW Dn Dc Vn Vc Qcap

UP 
STREAM

UP 
STREAM

DOWN 
STREAM

DOWN 
STREAM

FINISHED 
GRADE COVER

NODE NODE (cfs) IE IE (ft) (ft/ft) (in) SLOPE TYPE (in) (in) (fps) (fps) (cfs) % FULL RIM HGL RIM HGL UPSTREAM (FEET)

SHED-1 SHED-2 0.28 17.16 16.93 79 0.0030 12 0.0001 PART 3.24 2.52 1.64 2.34 1.69 17 27.50 17.69 27.50 17.68 27.50 9.34 In pipe

SHED-2 MH-1 0.56 16.93 16.88 17 0.0030 12 0.0003 PART 4.68 3.72 1.97 2.70 1.69 33 27.50 17.68 27.80 17.67 27.50 9.57 In pipe

MH-1 OUT-1 0.56 16.88 16.65 75 0.0030 12 0.0003 PART 4.68 3.72 1.97 2.70 1.69 33 27.80 17.67 29.00 17.65 27.80 9.93 In pipe

SHED-3 SHED-4 0.95 20.54 20.28 88 0.0030 12 0.0009 PART 6.36 4.80 2.25 3.24 1.69 56 26.00 21.77 26.00 21.68 26.00 4.46 21.77

SHED-4 MH-2 1.85 20.28 19.81 117 0.0040 12 0.0036 PART 9.24 6.84 2.85 4.00 1.95 95 26.00 21.68 26.80 21.26 26.00 4.72 21.68

SHED-5 SHED-3 0.22 20.59 20.28 104 0.0030 12 0.0001 PART 2.88 2.28 1.52 2.12 1.69 13 26.00 21.77 26.00 21.77 26.00 4.41 21.77

SHED-6 MH-2 0.38 20.45 19.81 214 0.0030 12 0.0002 PART 3.84 3.00 1.75 2.48 1.69 22 26.00 21.29 26.80 21.26 26.00 4.55 In pipe

SHED-7 SHED-8 0.41 20.52 20.25 90 0.0030 12 0.0002 PART 3.96 3.12 1.81 2.53 1.69 24 26.00 21.44 26.00 21.42 26.00 4.48 In pipe

SHED-8 MH-2 1.03 20.25 19.81 146 0.0030 12 0.0011 PART 6.72 5.04 2.28 3.29 1.69 61 26.00 21.42 26.80 21.26 26.00 4.75 21.42

MH-2 MH-3 3.29 19.81 19.68 88 0.0015 18 0.0013 PART 13.68 8.28 2.28 4.15 3.53 93 26.80 21.26 27.00 21.15 26.80 5.49 In pipe

MH-3 MH-4 3.29 19.68 19.52 106 0.0015 18 0.0013 PART 13.68 8.28 2.28 4.15 3.53 93 27.00 21.15 27.00 21.01 27.00 5.82 In pipe

MH-4 OUT-2 3.29 19.52 19.45 45 0.0015 18 0.0013 PART 13.68 8.28 2.28 4.15 3.53 93 27.00 21.01 27.20 20.95 27.00 5.98 In pipe

10-YEAR STORM DRAIN DESIGN

ACTUAL 
HGL

S:\Proj\2434\Spreadsheets\2434 - Drainage study 2021.07.23 7/26/2021 PAGE 1 OF 1
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The Federal Transit Administration maintains a database of transit system performance.  The City of Elk 
Grove 2018 Annual Agency Profile2 identifies that local bus service had unlinked trips per vehicle revenue 
hour of 10.1, or about 10 passengers per hour.  Generally, this level of performance is indicative of low 
demand and productivity.  Routes performing at this level would have excess seated and standing capacity.  
Consequently, the proposed Project would not create demand for public transit services above the crush 
load capacity of the transit system.  

Roadways 

General Plan Policy MOB-1-4 includes performance targets for intersections and roadways.  The objective 
of the policy is to balance the effectiveness of design requirements to achieve the targets with the character 
of the surrounding area, cost, and maintenance.  The General Plan Transportation Network Diagram reflects 
the implementation of roadway performance targes at General Plan Buildout.  Elk Grove Boulevard is 
planned as a 6-lane arterial in the General Plan along the project and is built to this classification. 

As outlined, the project has a General Plan land use designation of low density residential (LDR) and is 
zoned Low Density Residential with a maximum of five dwelling units per acre (RD-5).  Approval of the 
Project would require General Plan Amendment from LDR to Employment Center (EC) and a corresponding 
Rezone from RD-5 to Industrial-Office Park (MP).   

Table 5 compares the daily, AM peak hour, and PM peak hour trip generation with the existing and 
proposed land use designation.  As shown, the proposed project would generate fewer daily, AM peak hour, 
and PM peak hour trips, resulting in less traffic on Elk Grove Boulevard.  Therefore, since the Project would 
result in less traffic on Elk Grove Boulevard, it would not change the classification of Elk Grove Boulevard 
needed to accommodate buildout of the General Plan. 

Table 5: Trip Generation Comparison 

Lane Use Units Quantity 

Trip Generation1 

Daily 
Peak Hour 

AM PM 

Existing Single Family Detached Residential Dwelling Units 38 358 27 36 

Proposed Storage 1,000 Square Feet 160.902 233 15 25 

Difference (Proposed – Existing) -125 -12 -11 

1 Trip Generation Manual, 11th Edition 
2 ITE Code 210 – Single Family Detached Housing 
3 ITE Code 151 – Mini-Warehouse 

Source: Fehr & Peers, 2022 

 

 
2 https://cms7.fta.dot.gov/sites/fta.dot.gov/files/transit_agency_profile_doc/2018/90205.pdf 
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