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GEOTECHNICAL EXPLORATION REPORT
Purpose and Scope
The purpose of the geotechnical exploration for the proposed monopole radio tower and
communication/equipment building to be constructed on Drake’s Point in Vacaville, California,
was to determine the surface and subsurface soil and bedrock conditions at the subject site.
Based on the results of the exploration, geotechnical criteria were established for the grading of
the site, the design of foundations, slabs-on-grade, retaining walls, and the construction of other
related facilities on the property.
In accordance with your authorization, our exploration services included the following tasks:
a.
b.
c.
d.
e.
f.

A review of available geotechnical and geologic literature concerning the site and
vicinity;
Site reconnaissance by the Geotechnical Engineer to observe and map surface
conditions;
Excavating four exploratory test pits and sampling of the subsurface soils;
Laboratory testing of the samples obtained to determine their classification and
engineering characteristics;
Analysis of the data and formulation of conclusions and recommendations; and
Preparation of this written report.

Site Location and Description
The subject site is located east of Vine Street on the hilltop ridge known as Drake’s Point in the
City of Vacaville, California as shown on Figure 1 “Aerial Vicinity Map” included in the Appendix
of this report. The project site is located approximately 900 feet east of Vine Street, 1,700 feet
north of Alta Mira Drive, and 2,100 feet west of Woodcrest Drive within City open space. An
existing wood pole with a red avigation light is located on the summit in the same location as the
proposed radio tower. The topography of the northerly trending ridge top is relatively flat to
gently sloping. The east and western side slopes range in inclination from about 3H:1V
(horizontal to vertical) to 1H:1V, respectively. Numerous bedrock outcrops composed of Basalt
are present on and surrounding Drake’s Point. Evidence of landsliding or other slope instabilities
are not present in the immediate areas surrounding the proposed project.
Access to the tower site is via an existing earthen and partially graveled road extending from
Milford Court up the hillside. The approximate location of the existing access road alignment is
shown on Figure 1. The access road was found to be accessible via standard vehicles. The upper
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reach required the use of four-wheel drive, until the base of the steeper ridge portion which
required foot access. It is noted that the track-mounted excavator was able to access the eastern
flank of the ridge top area, but was restricted from the upper ridge due to numerous rock
outcrops.
The above description is based on a reconnaissance of the site by the Geotechnical Engineer, a
review of a “Site Plan” prepared by A2R Architects, dated 11/29/17 and a review of a Google
Earth image dated 5/20/17. The Google Earth image was used as the basis for our “Aerial Vicinity
Map” included as Figure 1, and the A2R Site Plan was used as our “Site Plan” included as Figure
2 in the Appendix.
Proposed Development
We understand that the proposed project will entail removal of the existing wood pole and
replacing it with a new monopole or lattice tower. The tower is planned to support approximately
five receive/transmit antennas, two 4-feet diameter microwave dishes, cameras and FAA beacons.
The tower is to be accompanied by a new communication/equipment and backup power building
of approximately 12 feet by 12 feet in plan dimension. Retaining walls will surround three sides of
the building. The proposed location of the tower and equipment building are shown on Figure 2,
“Site Plan”.
New buried/underground electrical and communication cables are planned between the equipment
building and the tower as shown on Figure 2. No grading is planned for the tower location other
than foundation excavation. Grading for the equipment building is primarily planned to consist of
all cut. The excavated material are expected to be removed from the site or placed on the ridge and
contour graded or placed and contour graded within the lower old quarry site to the east.
At the direction of the City Council, no permanent roads will be allowed to be constructed as part of
the project; however it is understood that the Contractor will be required to construct temporary
access as needed for site development followed by restoring the hillside to its native contours.
Field Exploration
The field exploration was performed on 10/25/17 and included a reconnaissance of the site and
the excavation of four exploratory test pits at the approximate locations shown on Figure 2, “Site
Plan”.
The test pits were excavated with a Kumatsu PC80 track-mounted excavator with a 24 inch wide
bucket and extended to a maximum depth of 5 feet below grade. Relatively difficult excavation
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was encountered. Side wall caving occurred as a result of basalt fracturing. Visual classifications
were made from the test pit walls and the excavated material. Bulk samples were obtained from
the excavated spoils. Classifications made in the field were verified in the laboratory after further
examination and testing. No groundwater or seepage was encountered.
The stratification and description of the soils and bedrock are shown on the Test Pit Logs included
in the Appendix. Photographs of the tower site and test pits are also included in the Appendix.
Laboratory Testing
The laboratory testing program was directed towards providing sufficient information for the
determination of the engineering characteristics of the site soils and bedrock so that the
recommendations outlined in this report could be formulated. The laboratory test results are
presented on the respective data sheets in the Appendix.
In order to assist in the identification and classification of the subsurface materials, sieve analysis
tests (ASTM D6913) and Atterberg Limits tests (ASTM D4318) were performed on selected soil
samples. The Atterberg Limits test results were used to estimate the expansion potential of the
near surface soils.
The strength parameters of the foundation bedrock material was determined from a rock core
compression test (ASTM D7012) performed on a representative rock sample. A specific gravity
test (ASTM C127) was also performed to evaluate the density of the bedrock.
A representative bag sample of the near surface materials was obtained to evaluate the presence
and concentration of water soluble sulfates in accordance with California Test Method 417.
These test results were used to identify the corrosion potential of the soils to at or below grade
concrete. Additional soil corrosion potential tests (pH, Resistivity & Chlorides) were also
performed. A discussion is presented in the “Soil Corrosivity” section of this report.
Subsurface Soil Conditions
Based on our field exploration and laboratory testing, the subsurface conditions consist of a thin
layer of overburden soils underlain by hard bedrock. The upper 0 to 0.5 feet consists of dark
brown highly expansive clayey silt mixed with variable amounts and sizes of rock fragments. The
shallow overburden rocky soils are underlain by dark gray bedrock of the Putnam Peak Basalt.
The basalt bedrock was found to be slightly weathered to fresh, fractured and of irregular blocky
to columnar sizes breaking up to pieces of 2 to 12 inches in dimension. Moderate to hard
excavation difficulty was determined with the Kumatsu excavator utilized. Clayey silt was found
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in the joints and beds of the basalt. Groundwater and/or seepage was not encountered in the
test pits.
A more thorough description and stratification of the soils and bedrock encountered are
presented on the respective Test Pit Logs in the Appendix. The approximate locations of the test
pits are shown on Figure 2.
Site Geology
According to the Geologic Map of the Lodi Quadrangle1, the tower site is mapped as Miocene-age
Putnam Peak Basalt. The basalt on the local Vacaville ridges is generally underlain by the Markley
or Neroly Sandstone formation. The surface and subsurface deposits encountered during our
exploration generally correlate with the Putnam Peak Basalt.
Geo-Hazards
Seismicity & Ground Motion Analysis
The site is not located within an Alquist-Priolo Earthquake Fault Zone2. There are no known active
faults crossing the site as mapped and/or recognized by the State of California. However, Winters
is located in a seismically-active region and earthquake related ground shaking should be expected
during the design life of structures constructed on the site. The California Geological Survey has
defined an active fault as one that has had surface displacement in the last 11,000 years, or has
experienced earthquakes in recorded history.
Based on our review of the Fault Activity Map of California3 and the USGS National Seismic Hazard
Maps-Source Parameters4, the nearest major active faults are the Great Valley 4b Fault, the
Green Valley Fault and the Hunting Creek Berryessa Fault, located approximately 0.4 miles west,
10 miles southwest and 12.5 miles northwest of the site, respectively. Numerous other active
faults in the region may also produce significant seismic shaking at the site.

T. E. Dawson, 2009, Preliminary Geologic Map of the Lodi 30’x60’ Quadrangle, California, California Geological
Survey
2
Hart, E.W. and Bryant, W.A., 1997, Fault-Rupture Hazard Zones in California, Alquist-Priolo Earthquake Fault
Zoning Act with Index to Earthquake Fault Zones Maps, California Department of Conservation, Division of Mines
and Geology, Special Publication 42, Interim Revision 2007.
3
Jennings, C.W. and Bryant, W.A., 2010, Fault Activity Map of California, California Geological Survey Geologic
Data Map No. 6, scale 1:750,000
4
U.S. Geological Survey, 2008 National Seismic Hazards Maps – Source Parameters, accessed 10/23/17, from USGS
web site: https://earthquake.usgs.gov/cfusion/hazfaults_2008_search/query_main.cfm
1
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The 2016 CBC specifies that the potential for liquefaction and soil strength loss should be
evaluated, where applicable, for the Maximum Considered Earthquake Geometric Mean (MCE G)
peak ground acceleration with an adjustment for site class effects in accordance with American
Society of Civil Engineer (ASCE 7-10)5. The MCEG is peak ground acceleration is based on the
geometric mean peak ground acceleration with a 2 percent probability of exceedance in 50 years.
The MCEG peak ground acceleration with adjustment for site class effects (PGAM) was calculated
to be 0.543g using the United States Geological Survey web-based seismic design tool with a site
coefficient (FPGA) of 1.0 for Site Class D.
Structures at the site should be designed to withstand the anticipated ground accelerations.
Based on the USGS Seismic Design Maps6 website and ASCE 7-10, the 2016 CBC earthquake design
values are as follows:
Site Class:
A
Design Spectral Response Accelerations:

SDS = 0.978g; SD1 = 0.332g

The summary and detailed USGS design maps reports are included in Appendix.
Fault Rupture
The site is not located within an Alquist-Priolo Earthquake Fault Zone. Based on our review of
geologic maps, no known active or inactive faults cross or project toward the subject site. In
addition, no evidence of active faulting was visible on the site during our site reconnaissance.
Therefore, it is our opinion that there is no potential for fault-related surface rupture at the
subject site.
Landsliding
Active landsliding or evidence of slope instabilities were not observed in the area and immediate
vicinity of the proposed radio tower and equipment building. Numerous basalt bedrock outcrops
were present. Evidence of moderate to large dormant landslides were observed on the western,
southern and southeastern flanks of the hillside ridge. These dormant landslides are greater than
50 feet from the project site. A partial map of landslide identification are presented on Figure 4,
“Landslide Map” included in the Appendix. Based on the presence of Basalt bedrock in the area of
the proposed tower improvements and the significant distance to the old dormant landslides on the

5

American Society of Civil Engineer (ASCE), 2010, Minimum Design Loads for Buildings and Other Structures,
Standard 7-10.
6
http://earthquake.usgs.gov/designmaps/us/application.php, accessed 11/20/16
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outer flanks of the hillside, it is our opinion that the risk of seismically induced landsliding is
considered very low to nil. No mitigation measures are warranted.
Liquefaction
Soil liquefaction is a phenomenon in which loose and saturated cohesionless soils are subject to
a temporary, but essentially total loss of shear strength, due to pore pressure build-up under the
reversing cyclic shear stresses associated with earthquakes. Soils typically found most
susceptible to liquefaction are saturated and loose, fine to medium grained sand having a
uniform particle range and less than 35% fines passing the No. 200 sieve, and a corrected
standard penetration blow count (N1)60 less than 30. According to Special Publication 117A by
the California Geological Survey, the assessment of hazards associated with potential liquefaction
of soil deposits at a site must consider translational site instability (i.e. lateral spreading, etc.) and
more localized hazards such as bearing failure and settlement. The acceptable factor of safety
against liquefaction is recommended in SP117 to be 1.3 or greater.
Based on our site exploration and presence of hard basalt bedrock, liquefaction of these
materials is not considered possible.
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DISCUSSIONS, CONCLUSIONS AND RECOMMENDATIONS
General
From a geotechnical point of view, the proposed Drake’s Point radio tower and
communication/equipment building is considered to be feasible for construction on the subject
site provided the recommendations presented in this report are incorporated into the project
plans and specifications.
All grading and foundation plans for the development must be reviewed by the Geotechnical
Engineer prior to contract bidding or submittal to governmental agencies to ensure that the
geotechnical recommendations contained herein are properly incorporated and utilized in
design.
KC ENGINEERING CO. should be notified at least two working days prior to site clearing, grading,
and/or foundation operations on the property. This will give the Soil Engineer ample time to
discuss the problems that may be encountered in the field and coordinate the work with the
contractor.
Field observation and testing during the grading and/or foundation operations must be provided
by representatives of KC ENGINEERING CO. to enable them to form an opinion regarding the
adequacy of the site preparation, the acceptability of fill materials, and the extent to which the
earthwork construction and the degree of compaction comply with the specification
requirements. Any work related to the grading and/or foundation operations performed without
the full knowledge and under the direct observation of the Soil Engineer will render the
recommendations of this report invalid.
Geotechnical Considerations
The primary geotechnical considerations for the proposed radio tower and equipment building
project are limited access and the presence of hard basalt bedrock and various rock outcrops.
Limited access equipment and/or track mounted excavators should be anticipated by the
Contractor. Temporary switch back access roads may be needed for the uppermost stretch of
the hillside and removal of some bedrock outcrops should be anticipated and determined by the
Contractor. Restoration of the hillside at completion is a requirement by the City upon project
completion.
The basalt bedrock was found to be hard to very hard and the use of moderate to large sized
excavators and/or drill rigs should be anticipated by the Contractor for excavation of the tower
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foundation and equipment building pad. The basalt bedrock was found to break up into
columnar and blocky sizes and is not considered useful for structure backfill if needed.
Grading
Minimal grading is expected for this project. We expect that grading will essentially consist of
excavating the building pad for the communication/equipment building, backfilling of drainrock
behind the propose retaining walls, and excavation of the tower footing. The excavated spoils
are not expected to be placed anywhere as structural backfill, but rather either hauled off-site or
spread and contour graded on the ridge top or in the old quarry site on the east.
Temporary backcut excavations for the equipment room retaining walls may be made a steep as
practical but not steeper than 0.5H:1V. Backfill behind the retaining walls should consist of select
import material or ¾ inch crushed drainrock.
Should select backfill be utilized, it should meet the requirements below and be moisture
conditioned and compacted to a minimum degree of relative compaction of 90% at least 2
percent above optimum moisture content as determined by ASTM D1557 Laboratory Test
Procedure. The backfill may be brought to the desired finished grades by placing engineered fill
in lifts of 8 inches in un-compacted thickness and compacting to a relative compaction of 90% at
2 percent over optimum in accordance with the aforementioned test procedure.
Should select import material be used, the import material should be approved by the Soil
Engineer before it is brought to the site. Where select import soil is used, it should meet the
following requirements:
a.
b.
c.
d.

Have an R-Value of not less than 25;
Have a Plasticity Index not higher than 15;
Not more than 15% passing the No. 200 sieve;
No rocks larger than 3 inches in maximum size;

The fill materials shall be placed in uniform lifts of not more than 8 to 12 inches in uncompacted
thickness depending on size and weight of equipment used. Each layer shall be spread evenly and
shall be thoroughly blade mixed during the spreading to obtain uniformity of material in each layer.
Before compaction begins, the fill shall be brought to a water content that will permit proper
compaction by either (a) aerating the material if it is too wet, or (b) spraying the material with water
if it is too dry.
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Compaction shall be by footed rollers or other types of acceptable compacting rollers. Rollers shall
be of such design that they will be able to compact the fill to the specified density. Rolling shall be
accomplished while the fill material is within the specified moisture content range. Rolling of each
layer shall be continuous over its entire area and the roller shall make sufficient trips to ensure that
the required density has been obtained. No ponding or jetting shall be permitted.
The standard test used to define maximum densities and optimum moisture content of all
compaction work shall be the Laboratory Test procedure ASTM D1557 and field tests shall be
expressed as a relative compaction in terms of the maximum dry density and optimum moisture
content obtained in the laboratory by the foregoing standard procedure. Field density and moisture
tests shall be made in each compacted layer by the Soil Engineer in accordance with ASTM D6938,
respectively. When footed rollers are used for compaction, the density and moisture tests shall be
taken in the compacted material below the surface disturbed by the roller. When these tests
indicate that the compaction requirements for any layer of fill, or portion thereof, have not been
met, the particular layer, or portion thereof, shall be reworked until the compaction requirements
have been met.
Surface Drainage
A very important factor affecting the performance of structures and pavements is the proper
design, implementation, and maintenance of surface drainage. Ponded water may seep under
structures. Should surface water be allowed to seep under the structures, differential foundation
movement resulting in structural damage could occur. To minimize the potential for the above
problems, dampproofing and waterproofing should be provided as required by Section 1805 of
the 2016 CBC. Liberal building pad slopes and surface drainage must be provided by the project
Civil Engineer to remove all storm water from the pad and to prevent storm water from ponding
adjacent to the structure foundations. The finished pad grade around the structures should be
compacted and sloped 5% away from the exterior foundations and as required in Section 1804.4
of the 2016 CBC.
Foundations
Due to the hard basalt bedrock conditions, we recommend the use of a footing foundation to
support the radio tower rather than a drilled pier. Footing recommendations are provided below.
The equipment building and retaining walls may be supported by a footing foundation or
preferably a thickened mat slab foundation to minimize excavation into the hard bedrock. We
should note that rough irregular footing bottom should be expected which may require dental
cleaning or over-excavation of about 3 to 6 inches and backfilling with ¾ inch crush rock of 2,000
p.s.i. slurry to create a flat bottom.
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Footing foundations for the tower must have enough size and mass to support the tower and
resist over-turning forces from wind and seismic loads. We recommend a minimum depth of 3
feet for the tower footing and an allowable bearing capacity of 5,000 p.s.f. for dead plus live
loads. Should a footing foundation be desired for the equipment building, it should extend a
minimum depth of 12 inches in to the bedrock with the same bearing capacity noted above. The
allowable pressure may be increased by 1/3 due to all transient loads which include wind and
seismic. All foundations must be adequately reinforced to provide structural continuity and resist
the anticipated loads as determined by the project Structural Engineer. The final footing design
and reinforcement should be determined by the project Structural Engineer. Foundations
designed in accordance with the above criteria are expected to experience a total settlement of
less than 0.25 of an inch.
Mat slabs should essentially be designed as a large spread footing and be a minimum of 8 inches
thick. The above bearing pressure may be utilized. A subgrade modulus of 400 p.s.i./in may be
utilized if needed. Should additional criteria be required, please contact our office.
To accommodate lateral loads, the passive resistance of the foundation soil/bedrock can be
utilized. The passive soil pressures can be assumed to act against the front face of the footing.
It is recommended that a passive pressure equivalent to that of a fluid weighing 500 p.c.f. be
used. For design purposes, an allowable friction coefficient of 0.45 can be assumed at the base
of the spread footings. These two modes of resistance should not be added unless the frictional
component is reduced by 50 percent since the mobilization of the passive resistance requires
some horizontal movement, effectively reducing the frictional resistance.
Slab-on-Grade Construction
Interior and exterior concrete slabs for the equipment building will likely experience some
cracking due to finishing, curing methods, and drying shrinkage. To reduce the potential cracking
of the slabs-on-grade, the following recommendations are made:
a)

All areas to receive slabs should be thoroughly moistened prior to placing
concrete.

b)

Slabs or mat slabs should be underlain by a minimum of 4 inches of Caltrans Class
II Aggregate Base placed and compacted to a minimum of 90% between the
finished subgrade and the slabs to serve as subbase support. Three-quarter inch
crushed rock may also be used.
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c)

Slabs should be a minimum of 6 inches thick and reinforced with a minimum of
No. 4 rebar spaced 16 inches center to center, each way. The actual slab thickness
and reinforcement should be determined by the project Structural Engineer in
accordance with the structural requirements and the anticipated loading
conditions. The reinforcement shall be placed in the center of the slab unless
otherwise designated by the design engineer.

d)

A vapor retarder membrane should be installed between the prepared building
pad aggregate base and the interior slabs to minimize moisture condensation
under the floor coverings and/or upward vapor transmission. The vapor barrier
membrane should be a minimum 15-mil extruded polyolefin plastic that complies
with ASTM E1745 Class A and have a permeance of less than 0.01 perms per ASTM
E96 or ASTM F1249. It is noted that polyethylene films (visqueen) do not meet
these specifications. The vapor barrier must be adequately lapped and
taped/sealed at penetrations and seems in accordance with ASTM E1643 and the
manufacturer’s specifications. The vapor retarder must be placed continuously
across the slab area.

e)

Water vapor migrating to the surface of the concrete can adversely affect floor
covering adhesives. Provisions should be provided in the concrete mix design to
minimize moisture emissions. This should include the selection of a water-cement
ratio which inhibits water permeation (0.45 max) and/or the addition of suitable
admixtures to limit water transmission. We also recommend the use of Type I/II
cement for additional corrosion resistance.

f)

Slabs should be provided with crack control saw cut joints or tool joints to allow
for expansion and contraction of the concrete. In general, contraction joints
should be spaced no more than 20 times the slab thickness in each direction. The
layout of the joints should be determined by the project Structural Engineer
and/or Architect.

g)

We recommend that appropriate provisions be provided by the Structural
Engineer and Contractor to minimize slab cracking, such as curing measures
and/or admixtures to minimize concrete drying-shrinkage and curling. American
Concrete Institute methods and guidelines of curing, such as wet curing or
membrane curing, are recommended to minimize drying shrinkage cracking.
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Retaining Walls
The equipment room retaining walls should be designed to resist lateral pressures exerted from
a media having an equivalent fluid weight as follows:
Gradient of
Back Slope
Horizontal

Equivalent Fluid Weight (p.c.f.)
Unrestrained
Condition (Active)
40

Restrained
Condition (At Rest)
50

Passive
Resistance
400

Coefficient
of Friction
0.40

It should be noted that the effects of any surcharge or compaction loads behind the walls must
be accounted for in the design of the walls. In addition, an earthquake load of 15H2 applied at
0.6H where H = wall height, from the bottom of the wall is applicable. Restrained conditions
should be used where framing or other structural members rests on top or is connected to the
top of walls.
Groundwater is not expected, however we do recommend water-proofing for the wall if a part
of the building. The above criteria are based on fully drained conditions. In order to achieve
fully-drained conditions, a drainage filter blanket should be placed behind the wall. The blanket
should be a minimum of 12 inches thick and should extend the full height of the wall. If the
excavated area behind the wall exceeds 12 inches, the entire excavated space behind the 12-inch
blanket should consist of compacted engineered fill or blanket material. The drainage blanket
material may consist of either granular crushed rock or drain pipe fully encapsulated in geotextile
filter fabric (Mirafi 140N or equivalent) or Class II permeable material that meets CalTrans
Specification, Section 68. A 4-inch diameter SDR35 perforated drain pipe should be installed in
the bottom of the drainage blanket and should be underlain by 4 inches of filter type material.
Piping with a minimum gradient of 2% shall be provided to discharge water that collects behind
the walls to an adequately controlled discharge system away from the structure foundations.
General Construction Requirements
Utility trenches will require excavating into the hard basalt bedrock. Backfill will likely require
import sand or gravel per pipe manufacturers recommendation. Backfill should be compacted
to relative compaction of 90% in accordance with Laboratory Test Procedure ASTM D1557.
Backfilling and compaction of these trenches must also meet the requirements set forth by the
City of Vacaville Department of Public Works.
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LIMITATIONS AND UNIFORMITY OF CONDITIONS

1.

It should be noted that it is the responsibility of the owner or his representative to notify

KC ENGINEERING CO., in writing, a minimum of two working days before any clearing, grading,
or foundation excavation operations can commence at the site.

2.

The recommendations of this report are based upon the assumption that the soil

conditions do not deviate from those disclosed in the borings/test pits and from a reconnaissance
of the site.

Should any variations or undesirable conditions be encountered during the

development of the site, KC ENGINEERING CO., will provide supplemental recommendations as
dictated by the field conditions.

3.

This report is issued with the understanding that it is the responsibility of the owner, or

his representative, to ensure that the information and recommendations contained herein are
brought to the attention of the Architect and Engineer for the project and incorporated into the
plans and that the necessary steps are taken to see that the Contractor and Subcontractors carry
out such recommendations in the field.

4.

At the present date, the findings of this report are valid for the property investigated.

With the passage of time, significant changes in the conditions of a property can occur due to
natural processes or works of man on this or adjacent properties. In addition, legislation or the
broadening of knowledge may result in changes in applicable standards. Changes outside of our
control may render this report invalid, wholly or partially. Therefore, this report should not be
considered valid after a period of two (2) years without our review, nor should it be used, or is it
applicable, for any properties other than those investigated.

5.

Not withstanding, all the foregoing applicable codes must be adhered to at all times.
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NOTE: Kumatsu PC 80 Excavator

0

Dark Brown Clayey SILT,
dry, firm to stiff (MH)
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5

Dark Gray Putnam Peak Basalt Bedrock
with Clay filled joints, slightly weathered
to fresh, strong to very strong, fractures
3 to 12", blocky shape
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Test Pit: TP-2
0

Dark Brown Clayey
SILT, dry, stiff (MH)

Depth (feet)

5

Dark Gray Putnam Peak Basalt Bedrock
with Clay filled joints, slightly weathered to
fresh, strong to very strong, fractures 3 to
12", blocky shape
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K C ENGINEERING
Job #:

VV4380

Date:

10/25/17

Drake's Point Radio Tower
Vacaville, CA

Test Pit: TP-3

NOTE: Kumatsu PC 80 Excavator

0

Dark Brown Clayey SILT,
dry, firm to stiff (MH)

Depth (feet)

5

Dark Gray Putnam Peak Basalt Bedrock
with Clay filled joints, slightly weathered
to fresh, strong to very strong, fractures
3 to 12", irregular blocky shapes
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Test Pit: TP-4
0

Dark Brown Clayey
SILT, dry, stiff (MH)

Depth (feet)

5

Dark Gray Putnam Peak Basalt Bedrock
with some Clay & Silt filled joints, slightly
weathered to fresh, strong to very strong,
irregular blocky shape 3 to 12" sizes
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Date:
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Drake's Point Radio Tower
Vacaville, CA

UNIFIED SOIL CLASSIFICATION SYSTEM

COARSE GRAINED SOILS

GRAVEL
More than half
of coarse
fraction is
larger than
No. 4 sieve

SAND
Half or more
of the coarse
fraction is
smaller than
No. 4 sieve

Clean gravels
(<5% fines)

SYMBOLS
GW
GP

Gravel with
fines
(>12% fines)

GM

Clean sands
(<5% fines)

SW

GC

SP
Sand with
fines
(>12% fines)

SILTS AND CLAYS

Half or more of the material
passes the No. 200 Sieve

FINE GRAINED SOILS

More than half of material is retained on
the No. 200 Sieve

MAJOR DIVISIONS

Liquid Limit is less than 50%

SM
SC
ML
CL
OL

SILTS AND CLAYS
Liquid Limit is 50% or more

MTI-KC ENGINEERING COMPANY
865 Cotting Lane, Ste A, Vacaville, CA 95688
8798 Airport Road, Redding, CA 96002
SAMPLER AND LAB TESTING LEGEND
Auger
Bulk Sample, taken from auger cuttings
California Sampler
Bulk/Grab Sample
Pitcher
Standard Penetration Test
Shelby Tube

MH

Inorganic elastic silts (PI below “A” line)

CH

Inorganic clays of high plasticity, fat clays
(PI on or above “A” line)
Organic silts and clays of medium to high plasticity

No Recovery

OH

HIGHLY ORGANIC SOILS

TYPICAL NAMES
Well graded gravels, gravel-sand mixtures, little or
no fines (Cu>4 & 1<Cc<3)
Poorly graded gravels, gravel-sand mixtures, little
or no fines (Cu < 4 and/or 1>Cc>3)
Silty gravels and gravel-sand-silt mixtures (PI<4 or
below “A” line)
Clayey gravels and gravel-sand-clay mixtures (PI>7
& on or above “A” line)
Well graded sands, gravelly sands, little or no fines
(Cu>6 & 1<Cc<3)
Poorly graded sands, gravelly sands, little or no
fines (Cu<6 and/or 1>Cc>3)
Silty sands and gravel-sand-silt mixtures
(PI<4 or below “A” line)
Clayey sands and gravel-sand-clay mixtures
(PI>7 & on or above “A” line)
Inorganic silts with gravel and sand having slight
plasticity (PI<4 or below “A” line)
Inorganic clays of low to med. plasticity with
gravel and sand (PI>7 & on or above “A” line)
Organic silts and clays of low plasticity

LL=Liquid Limit (%)
PI=Plasticity Index
¦ =Friction Angle
C=Cohesion
UCC=Unconfined Compression
R value=Resistance Value
Consol=Consolidation Test

Peat and other highly organic soils

Pt

SOIL GRAIN SIZE
U.S. STANDARD SIEVE OPENINGS
#10
#4
#40
¾”

#200

CLAY

SILT

SAND
FINE

0.002

0.075

3”

GRAVEL

MEDIUM
COARSE
FINE
COARSE
75
0.425
2.00
4.75
19.0
SOIL GRAIN SIZE IN MILLIMETERS

RELATIVE DENSITY (Coarse-grained soils)
SANDS & GRAVELS

BLOWS/FOOT1

Very Loose
Loose
Medium Dense
Dense
Very Dense

0–4
4 – 10
10 – 30
30 – 50
> 50

12”

COBBLES

BOULDERS

300

CONSISTENCY (Fine-grained soils)
SILTS & CLAYS

STRENGTH2

BLOWS/FOOT1

Very Soft
< 500
0–2
Soft
500 – 1,000
2–4
Firm
1,000 – 2,000
4–8
Stiff
2,000 – 4,000
8 – 15
Very Stiff
4,000 – 8,000
15 – 30
Hard
> 8,000
>30
1 – Number of blows of 140 pound hammer falling 30 inches to drive a 2-inch O.D. split spoon sampler (ASTM D1586)
2 – Unconfined compressive strength in lb/ft2 as determined by lab testing or approximated by the standard penetration test (ASTM D1586) or pocket penetrometer.

WEATHERING (Bedrock)

STRENGTH (Bedrock)

Fresh

Plastic
Friable
Weak

Slightly
weathered
Moderately
weathered

Highly
weathered
Completely
weathered

No visible sign of decomposition or discoloration; rings under
hammer impact
Slight discoloration inwards from open fractures; little or no
effect on normal cementation; otherwise similar to Fresh
Discoloration throughout; weaker minerals decomposed;
strength somewhat less than fresh rock but cores can not be
broken by hand or scraped with knife; texture preserved;
cementation little to not affected; fractures may contain filling
Most minerals somewhat decomposed; specimens can be
broken by hand with effort or shaved with knife; texture
becoming indistinct but fabric preserved; faint fractures
Minerals decomposed to soil but fabric and structure
preserved; specimens can be easily crumbled or penetrated

Moderately strong
Strong

Very strong

Very low strength
Crumbles easily by rubbing with fingers
An unfractured specimen will crumble under light
hammer blows
Specimen will withstand a few heavy hammer blows
before breaking
Specimen will withstand a few heavy ringing blows and
will yield with difficulty only dust and small flying
fragments
Specimen will resist heavy ringing hammer blows and
will yield with difficulty only dust and small flying
fragments

BEDDING (Bedrock)

SPACING (inches)

FRACTURING (Bedrock)

SPACING (inches)

Very thickly bedded
Thickly bedded
Thin bedded
Very thin bedded
Laminated
Thinly laminated

> 48
24 to 48
2.5 to 24
5/8 to 2.5
1/8 to 5/8
<1/8

Very little fractured
Occasionally fractured
Moderately fractured
Closely fractured
Intensely fractured
Crushed

> 48
12 to 48
6 to 12
1 to 6
5/8 to 1
<5/8
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Basalt Outcrops
Looking Northwest

Looking
Southeast

KC ENGINEERING COMPANY
865 Cotting Lane, Suite A
Vacaville, CA 95688
707.447.4025

Project No. VV4380
Drake’s Point Radio Tower Project
Vacaville, CA
RIDGE TOP TOWER LOCATION

Test Pit TP-1

Basalt Outcrops

KC ENGINEERING COMPANY
865 Cotting Lane, Suite A
Vacaville, CA 95688
707.447.4025

Project No. VV4380
Drake’s Point Radio Tower Project
Vacaville, CA
TEST PIT TP-1

TP-2

TP-3

KC ENGINEERING COMPANY
865 Cotting Lane, Suite A
Vacaville, CA 95688
707.447.4025

Project No. VV4380
Drake’s Point Radio Tower Project
Vacaville, CA
TEST PITS TP-2 & TP-3

TP-4

KC ENGINEERING COMPANY
865 Cotting Lane, Suite A
Vacaville, CA 95688
707.447.4025

Project No. VV4380
Drake’s Point Radio Tower Project
Vacaville, CA
TEST PIT TP-4

Client:

A2R Architects
190 S. Orchard Avenue, Suite C250
Vacaville, CA 95688

Client No.:
Report No.:
Date:

VV4380-001
0300-001
11/15/17

Proposed Drake’s Point Radio Tower
Submitted by: KC Engineering
Vine Street, Vacaville, California
________________________________________________________________

Project:

LIQUID LIMIT, PLASTIC LIMIT & PLASTICITY INDEX OF SOILS
(ASTM D4318)
Sample
#
TP1 & TP2

Description

Dark Brown Gravel with Silt

Dry
Moisture
Density Content
p.c.f.
%
-----

Liquid
Limit

Plastic
Limit

Plastic
Index

57

34

23

Construction Materials Testing and Quality Control Services
Soil - Concrete - Asphalt - Steel - Masonry

#200

#140

#100

#60

#40

#30

#20

#10

#4

3/8 in.

½ in.

¾ in.

1 in.

1½ in.

2 in.

3 in.

6 in.

Particle Size Distribution Report
100
90

80

PERCENT FINER

70

60

50

40

30

20

10
0
100

10

1

0.1

0.01

0.001

GRAIN SIZE - mm.
% Gravel
Coarse
Fine

% +3"

28

55

Coarse

5

1

SIEVE

PERCENT

SPEC.*

PASS?

SIZE

FINER

PERCENT

(X=NO)

6"
4"
3"
2-1/2"
2"
1-1/2"
1"
3/4"
1/2"
3/8"
#4
#8
#16
#30
#50
#100
#200

100
86
72
53
41
27
20
17
16
15
12
11
10
9
9
8
7.1

% Sand
Medium

% Fines
Fine

2

Silt

2

Clay

7

Material
Description Dark Brown Gravel with
Silt & Clay

PL= 34

Atterberg Limits
LL= 57

PI= 23

D90= 115.2412
D50= 61.1027
D10= 1.1800

Coefficients
D85= 98.2126
D30= 40.8180
Cu= 57.69

USCS= GP-GM

Classification
AASHTO= A-2-7(0)

D60= 68.0731
D15= 9.5250
Cc= 20.74

Remarks
Material tested in accordance with ASTM D6913.

* (no specification provided)
Location: TP1 & TP2
Sample Number: 2

Date:

11/15/17

Client: A2R Architects
Project: Proposed Drake's Point Radio Tower
Vine Street, Vacaville, California
Project No: VV4380-001

Figure

0300-002

Client:

A2R Architects
190 S. Orchard Ave., Suite C250
Vacaville, CA 95688

Revised Date:
Client No:
Report No:

11/18/17
VV4380-003
0100-001

Proposed Drake’s Point Radio Tower
Submitted by: KC Engineering
Vine Street, Vacaville, California
Location: TP1 (Basalt Rock)
____________________________________________________________________________
Project:

ROCK CORE COMPRESSIVE STRENGTH DATA
Identification
Date Cored
End Preparation Date:
Date Tested
Average Diameter, in
Average X-Sect. Area, in2
Trimmed Length, in
L/D Factor
Maximum Load, lbs.
Compr. Strength, psi
Fracture Pattern, Type

1-A
11/15/17
11/15/17
11/15/17
1.99
4.20
3.11
2.1
28,755
9,250
Columnar Vertical Cracking

Date Received: 10/25/17
Air Temperature: 61° F

Notes:
Specimen obtained and tested in accordance with ASTM D7012, Method C, modified.

Client:

A2R Architects
190 S. Orchard Avenue, Suite C250
Vacaville, CA 95688

Client No:
Report No:
Date:

VV4380-001
0300-004
11/15/17

Proposed Drake’s Point Radio Tower
Submitted: 10/30/17
Vine Street, Vacaville, California
______________________________________________________________

Subject:

COARSE SPECIFIC GRAVITY
(ASTM C127)
Sample #:
Material:
Location:
Specific Gravity (SSD)
Percent Absorption

2
Dark Gray Basalt Rock
TP1 & TP2
2.86
4.3

Construction Materials Testing and Quality Control Services
Soil - Concrete - Asphalt - Steel - Masonry

"A" LINE
80

70
CH
PLASTICITY INDEX, %

60

50
CL
40

30
OH or MH
20

CL-ML

10
ML
ML

0

KEY SYMBOL

10

20

SAMPLE
NUMBER

DEPTH

TP1&TP2

---

30

40

50
60
70
LIQUID LIMIT, %

NATURAL
LIQUID
PLASTIC
MOISTURE
LIMIT, LL, % LIMIT, PL, %
CONTENT, %

N/A

57

34

80

90

100

110
1

1
120

PLASTICITY
INDEX, PI, %

LIQUIDITY
INDEX

UNIFIED SOIL
CLASSIFICATION SYMBOL

23

N/A

GP-GM

Note: Atterberg Limits tested in accordance with ASTM D4318.

PLASTICITY CHART AND DATA
Proposed Drake's Point Radio Tower
Vine Street, Vacaville, California

Materials Testing, Inc.

Client No:

Date:

Report No:

VV4380-001

11/15/2017
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