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INTRODUCTION

We have completed a preliminary geotechnical engineering investigation for the North Natomas
Town Center II located northeasterly of Del Paso Road and Town Center Drive in Sacramento,
California.  Our work has been performed in accordance with the scope of services outlined in
our proposal letter dated June 13, 2016 and authorized via email by Sam Miller of Lewis
Management Corporation on June 19, 2016.  Our office also prepared a Phase I Environmental
Site Assessment (WKA No. 11032.01, dated July 15, 2016); that report has been provided
under a separate cover.

Purpose and Scope of Services

The purpose of this report has been to describe the nature and general engineering properties
of the soil and groundwater conditions at the site, and to provide findings and conclusions
regarding the feasibility of developing the site. This report is preliminary in nature and
describes the impacts of both soil and groundwater conditions on site development, but is not
intended for use in specific design and construction of the project.

Our scope of services has included a site reconnaissance, review of available aerial
photographs, topographic maps and geologic maps covering the site, and a review of the
Department of Agricultural Natural Resources Conservation Service (NRCS) Soil Survey for
Sacramento County. Undisturbed, disturbed, and bulk samples of surface and near-surface
soils were obtained from two soil borings drilled at the locations shown in Figure 2.  The
samples were taken to our laboratory to determine various engineering characteristics of the
on-site soils. The results of our field and laboratory work were then analyzed to develop
preliminary geotechnical engineering conclusions regarding site preparation and fill placement,
foundation design and interior floor slab support for the proposed three-story buildings, and
pavement sections.
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Related Experience

Supplemental information reviewed during the preparation of this report included the following
reports:

 Geotechnical Engineering Report (WKA No. 4122.11, dated March 7, 2003) prepared
for the North Natomas Town Center, located adjacent to the west of the subject
property; and,

 Geotechnical Engineering Report (WKA No. 4980.03, dated December 20, 2001)
prepared for the Town Center Educational Complex, located adjacent to the east of the
subject property.

Figures

This report contains a Vicinity Map as Figure 1; a Site Plan showing approximate boring
locations as Figure 2; and, Logs of Soil Borings as Figures 3 and 4. An explanation of the
Unified Soil Classification System symbols used on the boring logs is presented in Figure 5.
Appendix A contains general information regarding our field investigation and information
regarding the laboratory testing program.

Project Description

We understand that the property consists of two parcels identified as Sacramento County
Assessor Parcel Numbers 225-1780-010 and a portion of 225-0040-089.  The property is
irregular in shape and encompasses a total area of approximately 18.1 acres.  Review of the
preliminary site plan indicates that the property will be developed with two, three-story, medical
office buildings and single-story, retail buildings.  We assume that the buildings will be
constructed of wood-framing with interior concrete slab-on-grade lower floors.  Structural loads
are anticipated to be relatively light to moderately heavy based on this type of construction.
Associated development will include construction of underground utilities, landscaping, exterior
flatwork, and asphalt concrete parking lots and drive aisles.

We also understand that the project is in its conceptual stages of design and that a design-level
geotechnical report is not needed at this time.
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FINDINGS

Site Description

The site is bounded to the north by vacant, grass-covered land, beyond which is the North
Natomas Regional Park Off Leash Dog Park; to the east by Via Ingoglia Street, beyond which is
Inderkum High School; to the south by Del Paso Road, beyond which is a business park; and,
to the west by Town Center Drive, beyond which is North Natomas Town Center. The site is
transected by a canal with the southwestern portion of the site elevated roughly 10 to 15 feet
higher than the northeastern section of the site. Other than this difference in grade, the
property is relatively flat with an average surface elevation of about +20 feet mean sea level
(msl), based on review of the United States Geological Survey 7.5-Minute Topographic Map of
the Taylor Monument Quadrangle, California, dated 1967, photorevised 1980.

At the time of our field explorations on July 12, 2016, the site consisted of vacant land covered
by dense, low-lying, volunteer weeds and grass.  An unmaintained irrigation canal transected
the central portion of the property from northwest to southeast resulting in a grade difference of
about 10 to 15 feet. A property border was not observed to the north of the site and typical
concrete sidewalks bordered the property to the east, south, and west. Several electrical utility
boxes were observed along the southern property border as well as streetlights along the
eastern and southern property borders.

Soil Conditions

The borings indicate the surface and near-surface soils generally consist of sandy, silty clay to
a depth of about five feet below the ground surface.  These surface and near surface soils are
underlain by alternating layers of clayey sand, silty to sandy clay, and sandy silt to the
maximum explored depth of 31½ feet below the ground surface.  The upper soils in boring D2
contained about three to four feet of sandy, silty clay with gravel indicative of fill soils. An
organic odor was observed in the soil samples collected in boring D2 from about 12 to 13 feet
below the ground surface. For more information regarding soils at a particular location, please
refer to the boring logs presented on Figures 3 and 4.

Site Geology

The site is located on the Great Valley geomorphic province of California, a 500 mile,
northwest-trending structural trough, generally constrained to the west by the Coast Ranges
and to the east by the foothills of the Sierra Nevada Range (Norris and Webb, 1990).  The
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Great Valley consists of two valleys lying end-to-end, with the Sacramento Valley to the north
and the San Joaquin Valley to the south.

The Sacramento and San Joaquin Valleys have been filled to their present elevations with thick
sequences of sediment derived from both marine and terrestrial sources.  The sedimentary
deposits range in thickness from relatively thin deposits along the eastern valley edge to more
than 25,000 feet in the south central portion of the Great Valley (Norris and Webb, 1990).  The
sedimentary geologic formations of the Great Valley province vary in age from Jurassic to
Quaternary, with the older deposits being primarily marine in origin.  Younger sediments are
continentally derived and were typically deposited in lacustrine, fluvial, and alluvial environments
with their primary source being the Sierra Nevada Range.

The 1981 USGS Geologic Map of the Sacramento Quadrangle, California, shows the site to be
underlain by Basin Deposits consisting of unconsolidated silt and clay, originally deposited as
overbank flood deposits or floodplains.

Historical Aerial Photograph Review

We reviewed historical aerial photographs from 1937, 1947, 1957, 1964, 1966, 1972, 1984,
1993, 1998, and 2002 through 2015.

Review of a 1937 aerial photograph shows the site to be grass-covered land.  A canal transecting
the central portion of the site from northwest to southeast is visible.  The ground markings in a
1947 aerial photograph indicate rice fields are visible to the northeast of the canal.  A 1957 aerial
photograph contains ground markings indicative of dry-farm crops to the northeast of the canal.  A
structure is visible on the southwestern portion and ground markings indicate irrigated crops are
present on the southwestern portion of the property.

By 1964, the northeastern and southwestern portions of land appear to be fallow. A 1966
photograph contains ground markings indicative of rice fields present to the northeast of the
canal. By 1972 fallow land is present northeast of the canal and by 1993 the previously noted
structure has been removed from the site.  The land appears to be cleared by 2005 and aerial
photographs taken from 2005 through 2015 indicate the site to have remained essentially
unchanged from previous years reviewed.
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Natural Resources Conservation Service Soil Survey Conditions

The United States Department of Agriculture (USDA), Natural Resources Conservation Service
(NRCS) has created a web-based service for accessing soil information.  According to the NRCS
Web Soil Survey (WSS), the majority of the near-surface soils at the site consist of Clear Lake
clay, hardpan substratum, drained, 0 to 1 percent slopes; Jacktone clay, drained, 0 to 2 percent
slopes; and, San Joaquin silt loam, 0 to 3 percent slopes.

The NRCS soil descriptions are generally consistent with our site observations and the soils
observed in our auger borings.

Groundwater

Groundwater was encountered within the borings performed on July 12, 2016 at depths ranging
from 21 to 26 feet below the ground surface. Please note that the borings may not have been
left open long enough for groundwater to reach static equilibrium. To supplement the
groundwater information obtained from the borings, we reviewed available California
Department of Water Resources (DWR) records for wells in the vicinity of the project site.
DWR monitored well identified as # 09N04E10C001M located approximately ½ mile
southwesterly of the site.  The ground elevation at the well is indicated to be approximately
+19½ feet msl.  The DWR has periodically monitored this well from October of 1979 to at least
July of 2016.  The “lowest” reported groundwater level in the well was measured on September
16, 2015 at an elevation of about 2 feet msl (or about 17½ feet below grade at the well).  The
“highest” reported groundwater level in the well was measured on March 21, 1983 at an
elevation of about +16½ feet msl (or about 3 feet below the grade at the well). Over the last ten
to fifteen years, the groundwater level at the well has fluctuated between 14 and 17½ feet
below grade at the well.

CONCLUSIONS

Building Support

In our opinion, the native undisturbed soils are capable of supporting the planned three-story
medical buildings, and single-story retail buildings, provided the near-surface soils are properly
recompacted and engineered fill is properly placed and compacted during earthwork. However,
undocumented fill is not considered suitable for support of buildings. The design-level
geotechnical report should include test pit excavations to identify any on-site undocumented fill,
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especially in the southeastern portion of the site. Removal and proper backfilling of the
resulting depressions will be essential for support of the proposed site improvements.

2013 CBC/ASCE 7-10 Seismic Design Criteria

Section 1613 of the 2013 edition of the California Building Code (CBC) references 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 Table 1 below may be used for seismic
design of the proposed residential structures.

TABLE 1
2013 CBC/ASCE 7-10 SEISMIC DESIGN PARAMETERS

Latitude: 38.6569° N
Longitude: 121.5206° W

ASCE 7-10
Table/Figure

2013 CBC
Table/Figure

Factor/
Coefficient

Value

Short-Period MCE at
0.2 seconds

Figure 22-1
Figure

1613.3.1(1)
SS 0.667 g

1.0 second Period MCE Figure 22-2
Figure

1613.3.1(2)
S1 0.292 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 1.266

Site Coefficient Table 11.4-2 Table 1613.3.3(2) Fv 1.816

Adjusted MCE Spectral
Response Parameters

Equation 11.4-1 Equation 16-37 SMS 0.845 g

Equation 11.4-2 Equation 16-38 SM1 0.531 g

Design Spectral
Acceleration Parameters

Equation 11.4-3 Equation 16-39 SDS 0.563 g

Equation 11.4-4 Equation 16-40 SD1 0.354 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

Notes: MCE – maximum considered earthquake
g – gravity
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The site is not located within a designated Alquist-Priolo Earthquake Fault Zone (Jennings,
1994; Hart and Bryant, 1999). An evaluation of liquefaction was beyond the scope of this
preliminary study; however, it is our opinion that liquefaction potential at the site is considered
low.

Excavation Conditions

The soils at the site are anticipated to be excavatable with conventional earthwork and
trenching equipment. A standard size backhoe and excavator should be suitable to excavate
foundation and shallow utility trenches at this site.

Foundation excavations and the upper five feet of utility trenches should stand at near vertical
inclinations, unless saturated soil conditions are encountered.  Utility trench excavations deeper
than five feet that will be entered by construction workers should be sloped or braced in
accordance with current Cal/OSHA regulations.

Soil Expansion Potential

Laboratory test results on the near-surface soils indicate these materials possess a high
expansion potential when tested in accordance with ASTM D4829 test method (see Figure A3).
Based on the laboratory test results and our experience on nearby projects, we conclude the
near surface clays are capable of exerting moderate to high expansion pressures on structural
foundations and exterior flatwork. These soils are expected to experience volume changes with
increasing or decreasing soil moisture contents.  Therefore, it is our opinion that expansive soils
must be considered in the design and construction of the planned improvements.

Material Suitability

The native soils are considered suitable for use as engineered fill, provided they do not contain
significant vegetation or debris, are uncontaminated, and are at appropriate moisture contents
to allow for proper compaction. Any undocumented fill found on-site would need to be tested
prior to use as engineered fill, otherwise the fill would need to be removed from the site.

Pavement Subgrade Quality

Laboratory test results performed on a bulk sample of near-surface soil reveal the near-surface
soils exhibit poor quality for support of asphalt concrete pavements. Laboratory tests indicate
the soils possess a Resistance ("R") value of 8 when tested in accordance with California Test



Preliminary Geotechnical Engineering Report Page 8
NORTH NATOMAS TOWN CENTER II
WKA No. 11032.02
August 3, 2016

301 (Figure A4).  For preliminary design purposes, we have used an R-value of 5 for the
calculation of alternate pavement sections.

Preliminary Soil Corrosion Potential

A 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
Table 2. A copy of the laboratory test reports are presented on Figure A5.

TABLE 2
SOIL CORROSIVITY TESTING

Analyte Test Method D2 (0 - 3')

pH CA DOT 643 Modified* 7.51
Minimum Resistivity CA DOT 643 Modified* 1340 -cm

Chloride CA DOT 417 18.3 ppm
Sulfate CA DOT 422 51.9 ppm

Sulfate-SO4 ASTM D516 53.78 mg/kg
* = Small cell method; -cm = Ohm-centimeters; ppm = Parts per million; mg/kg = milligram per kilogram

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 value
suggests the soils may be 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.
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Groundwater and Seasonal Moisture

Our borings and information from nearby monitoring wells suggest that high groundwater has
been measured at depths ranging from 3 to 26 feet below the ground surface.  Groundwater
levels will fluctuate due to seasonal variations, soil conditions, and local irrigation practices.
Therefore, it is our opinion that groundwater may be encountered in utility line excavations that
extend deeper than 10 feet below the existing ground surface.  Sump pumps placed in trenches
and additional crushed rock at the bottom of trench excavations could be required for
construction of deeper utilities.

It should be noted that the near-surface soils will be in a near-saturated condition during and for
a considerable period following the rainy season.  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 considerable
aeration to reach a moisture content that will permit the recommended compaction to be
achieved.

PRELIMINARY RECOMMENDATIONS

Site Grading

Of special importance for earthwork operations for this site will be the adequate clearing of any
undocumented fill. Excavations and depressions resulting from the removal of undocumented
fill must be backfilled with engineered fill. A contingency plan should be provided to include a
unit cost (per cubic yard) for over-excavation and recompaction as engineered fill.

Removal of surface organics would depend on the condition and quantity of the organics at the
time grading is to begin.  Discing of the organics may be suitable for construction, if the organic
concentrations are not too heavy at the time of grading.  Stripping of the organics likely would
be required if organic concentrations are high, with strippings being completely removed from
the site or used only in landscape areas.

Standard fill construction and compaction procedures, including uniform moisture conditioning
of the on-site soils to an over optimum moisture content at the time of compaction, will be
important for proper support of the planned structures and paved areas.
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Foundation Design and Floor Slab Support

Our preliminary evaluation of the geotechnical aspects of the project reveals the soils on the
site consist of highly expansive clays. Relatively shallow conventional continuous and isolated
footings, 18 to 24 inches in depth, are anticipated to be suitable for the proposed structures.
Minimum foundation widths of 12 inches for continuous foundations and 18-inches-wide for
isolated spread foundations would be applicable. We anticipate bearing capacities on the order
of 2000 to 3000 pounds per square foot (psf) for dead plus live loads will be applicable to native
materials and engineered fill.

All foundations should be adequately reinforced to provide structural continuity, mitigate
cracking and permit spanning of local soil irregularities.  The structural engineer should
determine final foundation reinforcing requirements.

Interior slab-on-grade concrete floors will be suitable for this site, provided slabs are properly
designed and constructed with regard to moisture vapor penetration resistance and the slabs
are adequately reinforced. Proper reinforcement of slabs-on-grade and moisture conditioning
(i.e. pre-saturation) of upper 12 inches of subgrade soils prior to concrete placement will be
particularly crucial.

Preliminary Pavement Sections

Laboratory test results indicate that near-surface soils exhibit poor support qualities for support
of asphalt concrete pavements. Based on our experience, a Resistance value (R-value) of 5 is
typical of subgrade soils consisting of a mixture of clay and silt.  The following preliminary
pavement sections summarized in Table 3 have been calculated based upon the procedures
contained within Chapters 600 to 670 of the California Highway Design Manual, dated March 7,
2014, utilizing design Traffic Indices considered appropriate for the anticipated improvements.
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TABLE 3
PRELIMINARY PAVEMENT DESIGN ALTERNATIVES, R-VALUE = 5

Traffic Index
(TI)

Traffic Conditions
Type B

Asphalt Concrete
(inches)

Class 2
Aggregate Base

(inches)

4.5
Automobile Parking

Areas Only
2½*
3*

9
8

5.0
Autos and Light Truck

Traffic
2½*
3*

11
10

6.0
Autos and Light to

Moderate Truck Traffic
2½
3½*

15
13

*    = Asphalt concrete thickness includes the Caltrans Safety Factor.

We emphasize that the performance of a pavement is critically dependent upon uniform
compaction of the subgrade soils, as well as all engineered fill and utility trench backfill within
the limits of the pavements.  Materials used for pavement construction should conform to the
appropriate sections of the most recent editions of the Caltrans Standard Specifications and
any Sacramento City 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 the performance of pavements.  Where drop
inlets or other surface drainage features are to be constructed, we recommend that weep holes
should be considered at the base/subgrade level to allow free drainage of collected water.

Future Geotechnical Engineering Study

Prior to final design and the commencement of site grading, a design-level geotechnical
investigation of the property should be conducted that includes additional borings or test pits
with soil sampling, laboratory testing and additional engineering evaluation.  The final report
should present geotechnical engineering conclusions and specific recommendations regarding
site preparation, foundation, floor support, site drainage and pavement design.
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Boring terminated at 31.5 feet below existing site grade. Groundwater observed at 21 feet below
existing site grade.
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wet

Boring terminated at 30 feet below existing site grade. Groundwater observed at 26 feet below
existing site grade.
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APPENDIX A
General Information, Field and Laboratory Testing



APPENDIX A

A. GENERAL INFORMATION

The performance of a preliminary geotechnical engineering study for the proposed
North Natomas Town Center II located northeasterly of Del Paso Road and Town
Center Drive in Sacramento, California was authorized by Mr. Sam Miller of Lewis
Management Corporation.  Authorization was for a preliminary study as described in our
proposal letter dated June 13, 2016, sent to our client, Lewis Management Corporation,
whose mailing address is 9216 Kiefer Boulevard in Sacramento, California 95826;
telephone (916) 313-0748.

In performing this study, we made reference to a Natomas MOB Site Study plan dated
February 11, 2016 prepared by Boulder Associates Architects.

B. FIELD EXPLORATION

As part of our study, our field exploration included the drilling and sampling of two
borings (D1 and D2) at the approximate locations shown in Figure 2.

The borings were drilled on July 12, 2016, utilizing a CME-75 truck-mounted, drill rig
equipped with six-inch diameter, solid, helical-flight augers.  Borings D1 and D2 were
drilled to depths of approximately 31½ and 30 feet below existing site grades,
respectively. At various intervals, soil samples were recovered with a 2½-inch outside
diameter (O.D.), 2-inch inside diameter (I.D.), modified California sampler and a 2-inch
O.D., 1-3/8-inch I.D. Standard Penetration Test (SPT) unlined sampler; both samplers
were 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,
or portion thereof, is designated the penetration resistance or "blow count" for that
particular drive.

The Modified California samples were retained in 2-inch diameter by 6-inch long thin-
walled brass tubes contained within the sampler.  Samples from the SPT were placed in
plastic Ziplock™ bags.  Immediately after recovery the soils in the samplers 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 Logs, Figures 3 and 4, contain descriptions of the soils encountered at each
boring location.  A Boring Legend explaining the Unified Soil Classification System and
the symbols used on the logs is contained on Figure 5.
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C. LABORATORY TESTING

Selected soil samples were tested to determine dry unit weight (ASTM D2937), natural
moisture content (ASTM D4643), and unconfined compressive strength (ASTM D2166).
The results of these tests are included on the boring logs at the depth each sample was
obtained.

A sample of near-surface soil, considered to be representative of the on-site soils, was
subjected to Plasticity Index testing (ASTM D4318).  The test results are presented in
Figure A1.

A representative sample of near-surface soil was tested for grain-size distribution
(ASTM C136) and hydrometer analysis (ASTM D422).  The results of the gradation tests
are contained in Figure A2.

One bulk sample of near-surface soil was subjected to Expansion Index testing (ASTM
D4829); the results of the test are presented in Figure A3.

Resistance ("R") value testing (California Test 301) was performed on a representative
bulk sample of near-surface soil.  Results of the R-value testing, which were used in the
pavement design, are presented in Figure A4.

One sample of representative surface and near-surface soils was submitted to Sunland
Analytical to determine the soil pH and minimum resistivity (California Test 643), Sulfate
concentration (California Test 417 and ASTM D516) and Chloride concentration
(California Test 422).  The test results are presented in Figure A5.

/
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FIGURE

WKA NO.

Sample
Depth

Pre-Test
Moisture (%)

Post-Test
Moisture (%)

Dry Density
(pcf)

Expansion
Index

EXPANSION INDEX

0 - 20
21 - 50
51 - 90
91 - 130

Above 130 Very High
High

Medium
Low

Very Low

POTENTIAL EXPANSION

EXPANSION INDEX TEST RESULTS

MATERIAL DESCRIPTION:

LOCATION:

CLASSIFICATION OF EXPANSIVE SOIL *

* From ASTM D4829, Table 1

ASTM D4829

Brown, silty clay

D2 (3’ - 5’)

(3’ - 5’) 13.6 29.4 99.3 103
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RESISTANCE VALUE TEST RESULTS
(California Test 301)

MATERIAL DESCRIPTION:

LOCATION:

Dry Unit
Weight
(pcf)

Specimen
No.

Moisture
@ Compaction

(%)

Exudation

(psi)
Pressure Expansion 

Value
R

(psf)

2
3

1

Brown Silty Sand w/ Clay

D1 (0’ - 3’)

119
115
111

15.4
16.6
17.6

480
331
275

87
13
9

29
10
8

R-Value at 300 psi exudation pressure =

(dial, inches x 1000)

20
3
2
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