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1.0 EXECUTIVE SUMMARY

1.1 Objectives

The objectives of the construction materials investigation program were to
identify the types of available on-site materials, examine their potential uses, and
perform limited testing and evaluation to determine their suitability for use in the dams
and appurtenant structures for the Sites Reservoir project. It should be pointed out that
the objectives of the materials investigation program were developed using the design
principal that available on-site materials dictate the design and selection of the dam
sections.

The construction materials investigation program identified the following material
types within or near the proposed Sites Reservoir project area:

* Impervious Materials (terrace deposits and recent alluvium)
* Venado Sandstone (fresh and weathered from the Cortina Formation)
* Mudstone (Boxer Formation)

These material types were further investigated, tested, and evaluated to explore their
suitability for use as the following types of construction materials:

* Impervious Materials

* Rockfill and Riprap Materials

« Random Materials

* Filter, Drain, and Transition Materials
» Concrete Aggregate

1.2 Impervious Material

A surplus of impervious material exists within or near the Sites Reservoir project.
Previous studies by USBR identified four main areas of deposits encompassing roughly
36 million cubic yards of material. Additional impervious materials are located within
required excavation areas for the appurtenant structures and Funks Reservoir
enlargement.

The proposed impervious materials are classified as low to medium plasticity
clays (CL)", with lesser amounts of high plasticity clays (CH) and clayey sands (SC).
Dry, moist, and saturated densities were found to be 109 pcf, 127 pcf, and 131 pcf,
respectively. Permeability tests indicate the material is very impervious with results on
the order of 10®to 10° cm/s. From CUE triaxial testing, total friction angle (@) was

! Uniform Soil Classification designation
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found to be 14° with a total cohesion (C) of 650 psf. Effective friction angle (¢) was
found to be 21.5° with an effective cohesion (C’) of 600 psf.

Although only limited testing was performed as part of the feasibility level
investigation, testing and evaluation indicate the impervious materials are suitable for
use in the proposed embankment dams.

1.3 Rockfill and Riprap Material

The best available source of clean rockfill material within the project area is the
fresh Venado sandstone, distinguishable from the weathered Venado sandstone. Four
prospective sandstone quarry areas have been identified near the dam sites. Sufficient
quantities of Venado sandstone are available in the proposed quarry areas for
construction of the embankment sections currently under consideration.

Petrographic examination characterizes the Venado sandstone as an arkosic
graywacke with fine to medium grained structure, and comprised mostly of quartz and
feldspar. Test results indicate the specific gravity to be approximately 2.5, while
absorption results ranged from roughly 3% to 5%. Unconfined compressive strength
testing on the fresh Venado sandstone indicates strengths of about 9,600 psi for the dry
material and about 7,000 psi for the saturated material. Shear strength estimations
indicate a friction angle (¢) of 42°. Dry, moist, and saturated densities were found to be
116 pcf, 122 pcf, and 136 pcf, respectively.

Material testing and evaluation indicate the fresh Venado sandstone to be of
sufficient quality for use as clean rockfill and riprap materials. In addition to the testing
and evaluation performed as part of this investigation, the suitability of the Venado
sandstone is evidenced by its performance at Funks Reservoir's dam. The upstream
slope protection on this embankment dam is comprised of the Venado sandstone and
has been performing satisfactorily since the mid 1970s. Another indicator of the
suitability of the Venado sandstone is a review and comparison of particle breakage of
the Venado sandstone and Pyramid Dam argillite during large-scale triaxial testing
performed by UC Berkeley in the 1970s. The particle breakage of the sandstone was
comparable to the argillite, which has performed satisfactorily as rockfill material in
Pyramid Dam, both as riprap and shell material.

1.4 Random Material

Random embankment material will be comprised of materials unsuitable for use
as clean rockfill. It will consist of weathered sandstone, mudstone, slopewash, etc from
excavations for the dam foundations, appurtenant structures, and the rockfill quarries.
Abundant quantities of random material are available for construction of Golden Gate,
Sites, and the saddle dams.
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It is anticipated that two general types of random materials will be generated
during construction depending upon the source of the material. One type of random
material will be comprised of predominantly weathered sandstone from the Cortina
Formation, while the other type will be predominantly mudstone from the Boxer
Formation. It should be pointed out that the mudstone from excavation of the Boxer
Formation will tend to be “soil like”, because of its propensity to break down when
exposed to air and water, and excavation and compaction operations. The weathered
Cortina formation will tend to be a dirty rockfill.

Compressive strength testing indicates the mudstone and weathered sandstone
have compressive strengths of approximately 3,500 psi and 5,000 psi, respectively.
Warranting special note, the average compressive strength of the mudstone only
included one near surface sample, while the majority of the samples were obtained at
depth. That near surface sample demonstrated a compressive strength of 1,200 psi,
which indicates that the material comprised of mudstone from excavation will be of low
strength.

Shear strength estimations indicate an effective friction angle (¢) of 40° for the
material comprised of predominantly weathered sandstone. The material comprised
predominantly of mudstone was estimated to have an effective friction angle (¢) of 35°,
a total friction angle () of 15°, and a total cohesion of 600 psf. In-place densities for the
random material as a whole were assumed to be equivalent to the rockfill densities.

Dry, moist, and saturated densities were estimated to be 116 pcf, 122 pcf, and 136 pcf,
respectively.

Since random materials are generally used in portions of the dam embankment
where hydraulic conductivity and erosion resistant properties are not a consideration, a
comprehensive evaluation of the random material’s engineering properties is generally
not required. As such, the limited testing and evaluation indicate the random materials
are suitable for use in the proposed embankment dams.

1.5 Filter, Drain, and Transition Material

Since sufficient deposits of sand and gravel are not available in the project area,
crushed Venado sandstone was evaluated for use as filter, drain, and transition
materials. Although laboratory testing indicates crushed, fresh Venado sandstone may
be suitable as filter, drain, and transition materials, it was not extensively tested as part
of the feasibility level investigation since an extensive particle breakage and other
evaluation would have been necessary. This particle breakage evaluation would have
required test quarries and fills and was considered beyond the scope of this feasibility
level investigation. Since the suitability of the Venado sandstone cannot be confirmed
at this level of investigation, it is assumed that filter, drain, and transition materials for
the embankment dams will be imported from the closest off-site sand and gravel
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deposit. This off-site deposit was identified as an old abandoned channel on Stony
Creek, between Orland and Willows. It is approximately 35 road miles from the project,
and has an estimated material availability of 160 million cubic yards that far exceeds the
construction requirement.

Both shear strength and density were estimated from published data. The filter,
drain, and transition materials are estimated to have a friction angle (¢) of 42°. Dry,
moist, and saturated densities were also estimated at 115 pcf, 121 pcf, and 135 pcf,
respectively.

1.6 Concrete Aggregate

As discussed in Section 1.5, sufficient deposits of sand and gravel are not
available within the project area. Therefore, crushed Venado sandstone was also
evaluated for use as concrete aggregate. Sources of sandstone are identical to those
identified for use in the rockfill and riprap materials. Also, off-site sand and gravel
deposits were identified as alternative material sources as part of the geologic
exploration program.

Quality testing was the focus of the concrete aggregate evaluation. Specific
gravity was found to be roughly 2.6, while absorption ranged from approximately 2% to
6%. Los Angeles Abrasion losses were about 11% at 100 revolutions and about 47% at
500 revolutions. Clay lumps and friable particles ranged from 1% to 5%. Organic
impurities had standard colors of mostly “clear”. Bulk density was estimated at roughly
88 pcf.

Since the test results indicate the crushed Venado sandstone only marginally
meets the adopted concrete aggregate criteria, the suitability of the sandstone can not
be confirmed without additional testing and evaluation considered beyond the scope of
the feasibility level investigation. Therefore, it is assumed that concrete aggregate will
be imported from the off-site sand and gravel deposit on Stony Creek presented in
Section 1.5. As discussed previously, an abundance of material is available from this
borrow source.

1.7 Summary of Engineering Properties for Stability Analysis

Table A presents a summary of the engineering properties recommended for use
in the feasibility level embankment stability analysis.
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Table A - Engineering Properties Recommended for Feasibility Level
Embankment Stability Analysis

Shear Strength Parameters

Material Effective Total Demsity (e
@ (deg) | C' (psf) | @(deg) | C (psf) Dry Moist | Saturated

Impervious Material 21.5 600 14 650 109 127 131
Random, Predominately

Weathered Sandstone 40 0 ) i 116 122 136
Random, Predominately Mudstone 35 0 15 600 116 122 136
Rockfill 42 0 - - 116 122 136
Filter, Drain, & Transition 42 0 - - 115 121 135
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2.0 INTRODUCTION
2.1 Sites Reservoir Project

Sites Reservoir is one of several alternative reservoir sites being proposed for
offstream storage as part of the North of the Delta Offstream Storage Investigation.
The reservoir would be located in Antelope Valley, about ten miles west of Maxwell.
Most of the project would lie within northern Colusa County, with portions of the
reservoir extending into southern Glenn County.

The reservoir currently under investigation has a storage capacity of 1.9 MAF
that would be impounded by a system of embankment dams including two major dams,
named Sites and Golden Gate, and nine smaller saddle dams. The dams range in
height from 15 to 310 feet. The maximum operating water surface elevation of the
reservoir would be 520 feet, which would inundate 14,700 acres. The Sites Reservoir
project would also include appurtenant structures such as a: spillway,
pumping/generating plant, inlet/outlet works, etc..

2.2 Construction Materials

The objectives of this feasibility level investigation, testing, and evaluation
program were to identify the availability of soil and rock materials within the project area
and assess the suitability of these materials for use in construction of the dams and
appurtenant structures. Specifically, the use and engineering properties of the soil and
rock materials were sought for the purpose of preparing preliminary dam sections for
development of cost estimates.

Objectives of this program were accomplished by investigating, testing, and
evaluating the properties of the following material types available within the project area:

* Impervious Materials (terrace deposits and recent alluvium)
* Venado Sandstone (fresh and weathered from the Cortina Formation)
* Mudstone (Boxer Formation)

This report presents a summary and discussion of the materials investigation and
laboratory testing performed on embankment materials for the Sites Reservoir project.
Engineering properties presented in this report were determined directly from laboratory
testing, estimated by empirical relationships, or estimated by reviewing published data.
Laboratory testing performed for this investigation included: classification, compaction,
in-place density, permeability, CUE triaxial compression, and quality and physical
properties testing. Testing by DWR was performed at the Bryte Laboratory in
Sacramento.
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3.0 PREVIOUS STUDIES

Construction materials, for use in embankment dams and levee protection, have
been investigated in the Sites and Antelope Valley area since the 1960s. As such,
published data and reports were available for research. Previous materials
investigations by USBR and USACE were used extensively for comparative purposes in
this report. Figure 1 identifies USBR and USACE material investigation areas.
Warranting special note are two reports by USBR dated August 1969 and March 1980.
These reports summarized reconnaissance investigations of construction materials for
the Sites Reservoir project and comprised the majority of comparisons.

A UC Berkeley report published by Becker et. al. (1972) proved to be an
invaluable resource for the evaluation of engineering properties and suitability of the
Venado sandstone. This report includes extensive shear strength testing of the Venado
sandstone along with comparisons to other rockfill materials. Test results from this
study were frequently used to assist the current evaluation.
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4.0 CONSTRUCTION MATERIAL SOURCES

The Sites Reservoir area is on the west side of the Sacramento Valley in the
foothills of the Coast Ranges. The area is underlain by Lower and Upper Cretaceous
sedimentary rocks of the Great Valley Sequence. The major structural features in the
region include the Sites anticline, the Fruto syncline, and the Salt Lake fault. A detailed
summary of the site geology and material deposits may be found in Division of Planning
and Local Assistance (DPLA) reports, included as references. DPLA figures of site
geology are included as Figures 2 through 4, which also identify proposed borrow areas
and sample locations for DWR and USBR.

Impervious materials for the embankment dams will be excavated from plentiful
borrow deposits located within the proposed reservoir area. This impervious material is
comprised of Quaternary terrace deposits and recent alluvium. Previous studies by
USBR revealed four major borrow areas upstream of Golden Gate and Sites dam sites.
The four areas, designated as Area 1 through Area 4 in Figure 1, were adopted by
DWR who then performed similar testing within their boundaries. DWR and USBR
sample locations are depicted in Figures 3 and 4. Impervious materials are also located
within required excavation areas for the appurtenant structures and Funks Reservoir
enlargement.

The highest quality rock available in the project area is the Venado sandstone.
The sandstone is a Cretaceous marine sedimentary rock of the Cortina Formation. Itis
fine to medium-grained and well cemented with a variable color indicative of the state of
weathering. Fresh material has a light blue gray appearance, while the weathered
material has a brownish color. Collectively, DWR, USBR, and USACE identified six
potential Venado sandstone quarry areas (identified in Figure 1). Sufficient quantities of
sandstone exist to accommodate project requirements. Incidentally, an operational
quarry is located one-quarter mile downstream of the Sites Dam site.

Mudstone, of the Boxer Formation, is a weaker, lower quality rock as compared
to the Venado sandstone. Additionally, the mudstone tends to break down when
exposed to air and moisture limiting its use within the dam embankments to materials
that do not require “free-draining” properties (such as: random materials, semi-
impervious materials, etc.). Since numerous borrow areas are available in the reservoir
area and significant quantities of mudstone will be generated from required excavation
for the dam foundations, its borrow locations were not specifically identified or
quantified.

Since sufficient quantities of sand and gravel do not exist in near vicinity of the
reservoir area, off-site sources were investigated as an alternative to processing these
materials from Venado sandstone. The nearest sand and gravel borrow area was
identified as an old abandoned channel on Stony Creek, about 35 road miles from the
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project site, between Orland and Willows. Available deposits were estimated at 160
million cubic yards, an abundance of material is available to meet the anticipated
construction requirements.
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5.0 IMPERVIOUS MATERIAL
5.1 Introduction

The proposed source of impervious materials for construction of the dam
embankments are Quaternary terrace deposits and recent alluvium located within the
project area. These materials are characterized as predominantly low to medium
plasticity clays (CL), with some high plasticity clays (CH) and clayey sands (SC).

Exploration by USBR was performed in the valleys upstream of the two main
dam sites in four areas, labeled as Areas 1, 2, 3, and 4 (Figure 1). These four areas
contain an estimated 36 million cubic yards of impervious material with 4 million cubic
yards and 3 million cubic yards of material located within 1 mile of the Golden Gate and
Sites Dam sites, respectively. In addition to the four borrow areas within the reservoir,
impervious materials are also located within required excavation areas for the
appurtenant structures and Funks Reservoir enlargement. These required excavation
areas would be utilized until exhausted.

Exploration and sampling was performed by DWR and USBR at test pits and
auger holes located throughout the four areas to determine the extent and suitability of
the proposed impervious materials (Figure 3 and Figure 4). Additional exploration and
sampling was performed by DWR at sites located upstream of Funks Reservoir within
the proposed excavation area for enlarging the reservoir. DWR sample locations are
denoted by FR, GG and SC, while USBR used AP and TP to designate their sample
locations. Table 1 describes the various sample locations.

Table 1 — Impervious Material Sample Locations

Sample Sampling Description Sample
Designation Agency Type
FR-Aug 7 through FR-Aug 9 DWR FR = Funks Reservoir Auger Hole
GG-1 through GG-8 DWR GG = Golden Gate Dam site Test Pit
SC -1 through SC-10 DWR SC = Sites/Colusa Dam site Test Pit
AP USBR AP = auger hole Auger Hole
TP-1 and TP-2 USBR TP = test pit Test Pit

DWR sample locations were selected to characterize the impervious materials
available within the project area. The sample locations within the reservoir were
selected to compliment and confirm the exploration and testing performed previously by
USBR. DWR bag samples were obtained at various depths within the test pits
corresponding to visual identification of different material types. Classification testing
was performed on all DWR bag samples. In addition, composite samples were
prepared from the bag samples in order to perform density, permeability, and shear
strength testing on samples representative of the materials within the proposed borrow
areas upstream of Golden Gate and Sites Dam. The composite samples were
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composed of equal portions of material from test pits GG-1 through GG-8 and SC-4
through SC-10, excluding the approximate 10% finest and 10% coarsest samples. The
composition of the composite samples is included in Appendix A.

5.2 Classification

The following test procedures were used by DWR to classify the proposed
impervious material:

» Particle-Size Analysis of Soils (ASTM D 422)
* Liquid Limit, Plastic Limit, and Plasticity Index of Soils (ASTM D 4318)

» Classification of Soils for Engineering Purposes (Unified Soil Classification
System) (ASTM D 2487)

In addition to classification testing, the following test procedures were used by DWR to
provide additional characterization of the proposed impervious materials:

» Specific Gravity of Soil Solids by Water Pycnometer (ASTM D 854)
* Moisture, Ash, and Organic Matter of Peat and Other Organic Soils (ASTM D
2974)

Test procedures used by USBR were not indicated. However, test results are
presented on USBR standard forms, and test procedures were probably performed in
accordance with USBR standard test designations.

Classification testing was performed on all DWR samples. Table 2 presents the
classification summary, and the detailed test results are included in Appendix B.
Collectively, testing performed by DWR indicate that the proposed impervious materials
are predominantly low to medium plasticity clays (CL), with some high plasticity clays
(CH) and clayey sands (SC). More precisely, the low to medium plasticity clays were
comprised of lean clay, lean clay with sand, and sandy lean clay. Fat clay and fat clay
with sand made up the high plasticity clays.
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Table 2 — Classification Summary for Impervious Material

Testing performed by USBR indicate comparable material classifications. For
reference, USBR test results are also summarized in Table 3, and detailed test results

are included in Appendix C.

12

Golden Gate Sample Locations
Group Group Number of Percentage
Symbol Name Samples of Total
CL Lean Clay 6 32
CL Lean Clay with Sand 8 42
CL Sandy Lean Clay 2 11
CH Fat Clay 2 11
CH Fat Clay with Sand 1 5
Total 19 100
Sites Sample Locations
Group Group Number of Percentage
Symbol Name Samples of Total
CL Lean Clay 5 21
CL Lean Clay with Sand 5 21
CL Sandy Lean Clay 4 17
CH Fat Clay 6 25
CH Fat Clay with Sand 2 8
SC Clayey Sand 1 4
SC Clayey Sand with Gravel 1 4
Total 24 100
Funks Reservoir Sample Locations
Group Group Number of Percentage
Symbol Name Samples of Total
CL Lean Clay 1 17
CL Lean Clay with Sand 3 50
CL Sandy Lean Clay 1 17
SC Clayey Sand 1 17
Total 6 100
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Table 3 — Classification Summary of USBR Samples

USBR Samples Collected Near DWR Sites Sample Locations

Group Group Number of Percentage
Symbol Name Samples of Total
CL Lean Clay with Sand 3 60
CL Sandy Lean Clay 1 20
SC Clayey Sand with Gravel 1 20
Total 5 100

USBR Samples Collected Near DWR Golden Gate Sample Locations

Group Group Number of Percentage
Symbol Name Samples of Total
CL Lean Clay 2 18
CL Lean Clay with Sand 6 55
CL-ML Sandy Silty Clay 2 18
SM Silty Sand with Gravel 1 9
Total 11 100

Figure 5 presents gradation curves for the DWR samples obtained upstream of
the Golden Gate Dam site. As shown, the samples are similarly graded with the
exception of samples obtained from test pits GG-3 and GG-5 at depths of 10 and 15
feet, respectively. Sandy lean clay was encountered within both test pits which may be
the result of their close proximity to Funks Creek. With the exception of the coarser
samples obtained from test pits GG-3 and GG-5, the percent passing the No. 4 and No.
200 sieves varied from 98 to 100 percent and 77 to 91 percent, respectively. Testing
performed by USBR indicates comparable material gradations and is presented in
Appendix C for reference.

Figure 6 presents gradation curves for the DWR samples obtained upstream of
the Sites Dam site. Again, the samples are similarly graded with the exception of a few
test pits. Test pits SC-2.1, SC-6.3, SC-8.2, SC-8.3 and SC-10.3 all encountered sandy
coarser materials probably resulting from their close proximity to neighboring creeks.
With the exception of the coarser samples obtained from the previously mentioned test
pits, the percent passing the No. 4 and No. 200 sieves varied from 98 to 100 percent
and 70 to 97 percent, respectively. Testing performed by USBR indicates comparable
material gradations and is presented in Appendix C for reference.

Figure 7 presents gradation curves for the DWR samples obtained upstream of
Funks Reservoir. Test pit FR-Aug-7.2 is the only outlier curve, encountering clayey
sand at a depth range of 15 to 25 feet. With the exception of the coarser sample
obtained from test pit FR-Aug-7.2, the percent passing the No.4 and No. 200 sieves
varied from 97 to 99 percent and 68 to 86 percent, respectively. USBR did not perform
sampling upstream of Funks Reservoir.
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Figure 8 presents a plot of the Atterberg Limits for the samples collected
upstream of the Golden Gate Dam site. The Plasticity Index of the samples ranged
from a low of 12 to a high of 42. The Liquid Limit of the samples ranged from a low of
30 to a high of 59. The average Liquid Limit and Plasticity Index of the samples was 39
and 22, respectively. For comparison purposes, neighboring USBR samples had an
average Liquid Limit and Plasticity Index of 34 and 15, respectively.

Figure 9 presents a plot of the Atterberg Limits for the samples collected
upstream of the Sites Dam site. The Plasticity Index of the samples ranged from a low
of 17 to a high of 51. The Liquid Limit of the samples ranged from a low of 34 to a high
of 72. The average Liquid Limit and Plasticity Index of the samples was 46 and 30,
respectively. For comparison purposes, neighboring USBR samples had an average
Liquid Limit and Plasticity Index of 36 and 17, respectively.

Figure 10 presents a plot of the Atterberg Limits for the samples collected
upstream of Funks Reservoir. The Plasticity Index of the samples ranged from a low of
13 to a high of 25. The Liquid Limit of the samples ranged from a low of 29 to a high of
41. The average Liquid Limit and Plasticity Index of the samples was 38 and 21,
respectively. Comparisons to USBR Atterberg Limits were not made because USBR
did not sample upstream of Funks Reservoir.

Specific gravity testing was performed on a limited number of DWR samples,
including the composite samples. Table 4 presents a summary of the DWR specific
gravity test results. USBR test results are not presented in Table 4 since specific
gravity testing was performed on numerous samples. However, detailed test results for
both DWR and USBR specific gravity tests are included in Appendix B and Appendix C,
respectively. Specific gravity values for DWR and USBR samples ranged from 2.74 to
2.80 and 2.59 to 2.74, respectively.

Table 4 — Impervious Material Specific Gravity Summary

Sample Location Specific Gravity
SC-1.1 2.78
SC-1.2 2.79
GG-1.1 2.78
GG-1.2 2.80

GG-Composite 2.74
SC-Composite 2.74

Organic content testing was also performed on a limited number of DWR
samples, including the composite samples. The organic content of the samples ranged
from 3.6 to 7.2 percent. Table 5 presents a summary of the DWR organic content test
results.
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Table 5 — Impervious Material Organic Content

Lab Sample Sample Group Organic
No. Location Depth (ft) Symbol Content (%)
98-167 GG-1.1 5 CL 4.0
98-168 GG-1.2 10 CL 5.1
98-169 GG-1.3 15 CL 5.0
98-170 GG-2.1 4 CL 3.8
98-171 GG-2.2 10 CL 4.0
98-172 GG-2.3 14 CH 7.2
98-173 GG-2.4 * CL 6.1
98-157 SC-1.1 > CL 4.7
98-158 SC-1.2 ** CL 3.6
98-159 SC-2.1 * CL 3.7
98-160 SC-2.2 ** CL 4.4
98-161 SC-3.1 ** CH 4.9
98-162 SC-3.2 > CH 5.0
99-1419 GG-Composite N/A CL 3.9
99-1420 SC-Composite N/A CL 4.2
Notes:
* Depth of sample GG-2.4 is unknown.
** Depths of SC samples are unknown. Samples taken from stream banks.
5.3 Density

Compaction testing was performed by DWR on the two composite samples to
characterize the moisture-density relationship of the impervious materials. The test
procedure used was ASTM D 1557, Laboratory Compaction Characteristics of Soil
(modified to a compactive effort of 20,000 ft-Ibs./ft*). Compaction curves for the two
composite samples can be found in Figures 11 and 12. Table 6 summarizes the
compaction test results. As shown, the maximum dry density and optimum water
content of the composite samples ranged from 110.0 to 111.8 pcf and 17.0 to 17.4%,

respectively.

Table 6 — Compaction Test Results

Sample Classification - Plasticity Maximum Dry Optimum Water

Location Group Symbol Index Density (pcf) Content (%)
GG-Composite CL 22 111.8 17.4
SC-Composite CL 30 110.0 17.0

Based upon the compaction testing performed on the composite samples, the
following densities are recommended for use in feasibility level stability analysis: Dry
Density = 109 pcf; Moist Density = 127 pcf; and Saturated Density = 131 pcf. The
recommended values represent an estimation of anticipated in-place densities for
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compacted impervious materials using an average of the composite sample compaction
test results and assuming 98% compaction at or near the optimum water content.

Compaction testing was also performed by USBR and the detailed test data
sheets are included in Appendix C for reference. A summary of the USBR test results is
not included for comparison, since the USBR data sheets do not indicate the
compactive effort used during testing. However, the average maximum dry density and
optimum water content of the USBR samples is comparable to the DWR test results
indicating that a modified compactive effort of 20,000 ft-Ibs./ft> may have been used
during USBR testing. The average maximum dry density and optimum water content of
the USBR tests were 108.5 pcf and 17.9 percent, respectively.

5.4 Permeability

Permeability testing was also performed on the composite samples. Testing was
performed in accordance with ASTM D 5084, Standard Test Method for Measurement
of Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter, Falling Head Test. The permeability tests were performed on the
composite samples prepared for CUE triaxial testing. These samples were compacted
to approximately 98% of the maximum dry density at or near the optimum water
content. Table 7 summarizes the test results, and detailed test results can be found in
Appendix D.

Table 7 — Permeability Test Results

Sample Average
Description Permeability (cm/s)

GG-Composite 1.0x 107

SC-Composite 2.7x10°

USBR'’s Earth Manual lists a range of permeability for this type of material as 10 to 10
cm/s. This indicates the tested samples are on the lower end of the permeability range,
indicating the soil is very impervious. It should be noted, however, that lab technicians
encountered some difficulty performing tests due to the low permeability of the
impervious material.

5.5 Shear Strength

Consolidated undrained (CUE) triaxial testing was performed on the composite
samples to determine and evaluate the shear strength and stress-strain characteristics
of the proposed impervious material. The CUE testing was performed in accordance
with ASTM D 4767, Standard Test Method for Consolidated Undrained Triaxial
Compression Test on Cohesive Soils. Initial effective confining stresses, sample
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densities, and moisture contents were selected to approximate expected field
conditions. Initial effective confining stresses were selected to range between 0.4 tsf
and 12 tsf with the samples compacted to approximately 98% of the maximum dry
density at or near the optimum water content.

Figures 13 through 18 present plots of deviator stress, effective stress ratio, and
pore pressure versus strain. These plots were used to develop the failure envelopes
(Figures 19 and 20). In addition, the detailed CUE test results are included in Appendix
E. The failure criterion used to develop the total and effective stress envelopes are
listed below:

e Total Stress Failure Criteria - Failure assumed to occur at either the
maximum deviator stress or 10 percent
strain, whichever occurred first.

» Effective Stress Failure Criteria - Failure assumed to occur at either the
maximum effective stress ratio or 5
percent strain, whichever occurred
first.

Table 8 illustrates the shear strength parameters estimated from the CUE testing.

Table 8 — Estimated Shear Strength Parameters

Sample '
Location ¢ © ¢ ©
GG-Composite 14.5° 800 psf 23° 700 psf
SC-Composite 13.5° 500 psf 20° 500 psf

Results of the CUE testing for the two composite materials were averaged to
provide an estimate of the shear strength parameters for use in the feasibility level
stability analysis. Recommended shear strength parameters are: Total Friction Angle
(p) = 14°; Total Cohesion (C) = 650 psf; Effective Friction Angle (¢) = 21.5°; and
Effective Cohesion (C’) = 600 psf.

By comparison, USBR'’s Earth Manual lists an average effective friction angle
and effective cohesion of 28° and 300 psf, respectively for this type of material. These
published average values differ from the shear strength parameters estimated from the
testing performed on the composite samples. The limited triaxial testing performed on
the impervious materials and difference from average published values indicates the
need for additional shear strength testing and evaluation of the impervious materials as
part of future design studies.

Another emphasis of the CUE triaxial testing was to evaluate the material’s
stress-strain behavior. As shown in Figure 13 through Figure 18, plots of the deviator
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stress, effective stress ratio, and pore pressure versus strain generally do not exhibit
any substantial loss of strength after reaching peak values. The only exception to this is
for the effective stress ratio plots for the samples tested at the lowest confining stresses
of 1.1 tsf (Figure 14) and 0.4 tsf (Figure 17). These curves may indicate possible
testing errors related to the use of relatively low confining stresses on the low
permeability material. Excluding these exceptions, the plotted stress-strain curves are
similar at different confining pressures and show a generally smooth, plateauing
behavior indicating ductile, non-brittle behavior of the impervious material.

5.6 Conclusions and Recommendations

Materials testing and evaluation indicate the impervious materials available within
the project area are suitable for use in embankment dams. Sufficient quantities of
impervious material exist upstream of the dam sites. Approximately 36 million cubic
yards of material are available from the deposits within the reservoir area. This is
roughly four times the volume required for construction of Golden Gate Dam, Sites
Dam, and the nine saddle dams. Additional impervious materials are also available
within the required excavation areas for the appurtenant structures and Funks Reservoir
enlargement.

Preliminary and final design programs should include further exploration, testing,
and evaluation of the impervious materials. This additional investigation should focus
on:

» |dentification of specific borrow areas within near vicinity of dams in
conjunction with constructability review of the project. The selection of
impervious borrow areas should be located to minimize the amount of high
plasticity lean clays and fat clays utilized within the dam embankments.
Additional sampling and testing should be performed to define the limits of the
borrow areas to minimize use of these materials.

* Quantification of available materials within these borrow areas to assist
development of the optimum dam section. This should include additional
exploration to determine the anticipated in-place density and moisture
conditions of impervious material within the borrow areas to assist
development of borrow quantity estimates.

» Perform additional exploration, sampling, testing, and evaluation of the
impervious materials within the specific borrow areas. Additional testing
should include expanded evaluation of the moisture-density relationship,
permeability, consolidation, and shear strength properties of the impervious
materials due to the limited testing performed as part of this feasibility level
investigation. Specifically, the moisture-density relationship of the impervious
materials should be examined further to ensure that specified moisture and
compaction requirements produce a material with desirable placement,
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moisture, and compaction characteristics. Shear strength and permeability
testing should be performed concurrently with the moisture-density evaluation
to ensure selection of engineering properties corresponding to anticipated in-
place density and moisture conditions within the dam embankment.
Consolidation testing should be performed to estimate the amount of
consolidation or settlement expected to occur during construction. In
addition, the significance of organic content and plasticity of the impervious
materials should be evaluated further to assist development of specification
limits.
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6.0 ROCKFILL AND RIPRAP MATERIAL
6.1 Introduction

The best available source of clean rockfill and riprap material within the project
area is the fresh Venado sandstone (Figure 21). The sandstone is a Cretaceous marine
sedimentary rock, fine-to medium-grained, and well cemented with a variable color that
is indicative of the state of weathering. The fresh material has a light blue gray
appearance, and the weathered material has a brownish color. The Venado sandstone
was the only rock type considered for clean rockfill and riprap. Sandstone-with-
interbedded-mudstone and mudstone were not considered for rockfill and riprap since
the mudstone breaks down when exposed to air and moisture and would not meet “free-
draining” requirements for upstream shell material.

There are four proposed sources of the Venado sandstone for construction of the
main dam embankments: two located near the Golden Gate Dam site, one near the
Sites Dam site, and one near the Saddle Dam sites (Figure 22). A ridge north of the
proposed Golden Gate Dam alignment constitutes the Golden Gate Dam rockfill source.
The Sites Dam rockfill source is located just north of the existing Sites quarry, outside
the proposed reservoir area. The proposed rockfill source for construction of the saddle
dams is outside the proposed reservoir area on Logan Ridge centrally located near the
saddle dam sites. The proposed quarry areas contain more than enough sandstone to
satisfy the required rockfill quantities for the embankment dams.

Based upon field inspections, the proposed Golden Gate Dam rockfill source
within the reservoir area is likely to produce more waste material and require more
processing than adjacent quarry locations outside of the reservoir area. Therefore,
future design investigations should include an evaluation of quarry locations outside of
the reservoir area to identify the quarry that will produce the highest quality and yield of
rockfill materials.

DWR samples of the Venado sandstone were obtained from the Sites Quarry
and exploration holes. Fresh and moderately weathered samples were collected to
characterize properties of sandstone with different degrees of weathering. The
following types of samples were obtained for laboratory testing:

* 2.5-inch x 5-inch x 5-inch cubes from Sites Quarry

* 3-inch cube samples from Sites Quarry

* 6-inch diameter x 12-inch long cores from Sites Quarry

* 1V%-inch minus crushed sandstone from Sites Quarry

» crushed sandstone from drill cores

» 2.5-inch diameter drill core samples from geologic exploration

USACE also performed limited testing on the sandstone sampled from the active Sites
Quarry and the abandoned Sites Quarry south of the active quarry to determine the
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adequacy of the sandstone for use as riverbank slope protection. In USACE documents
the active quarry is referred to as the: Old Sites Quarry, Sites Quarry (Cron), and Sites
Quarry North; whereas the abandoned quarry is referred to as the Sites Quarry South
and Sites Quarry (Welch). In this report, the active and abandoned quarries will be
referred to as the Sites Quarry and Sites Quarry (south), respectively.

6.2 Petrography

Petrographic examinations of weathered and fresh samples of Venado
sandstone were performed in 1962 and 1972 by USACE. The examinations did not
reveal any significant defects and generally characterized the sandstone as an
argillaceous, arkosic graywacke with fine to medium grained structure, few fractures,
and comprised primarily of quartz and feldspar with a lesser percentage of biotite,
chlorite, and clay. The Venado sandstone has a variable color indicative of the state of
weathering. The fresh material has a light blue gray appearance, and the weathered
material has a brownish color. The USACE petrographic examination reports are
included for reference in Appendix G.

6.3 Quality

Laboratory testing was performed on a variety of samples obtained by DWR to
provide a quantitative characterization of the quality of Venado sandstone for use as
rockfill and riprap. This section summarizes the testing performed by DWR, provides a
comparison to testing performed by USACE, and presents an evaluation of the Venado
sandstone quality based upon a review of the test results and a comparison to
published acceptable limits criteria. The following test procedures were used to
characterize the Venado sandstone quality:

» Specific Gravity and Absorption of Coarse Aggregate (ASTM C 127)

» Resistance to Degradation of Small-Size Coarse Aggregates by Abrasion and
Impact in the Los Angeles Machine (ASTM C 131)

» Evaluation of Durability of Rock for Erosion Control under Wetting and Drying
Conditions (ASTM D 5313)

3-inch Cube Samples

Specific gravity and absorption testing were performed on the 3-inch cube
samples of fresh sandstone from Sites Quarry. A summary of the test results is
presented in Table 9. As shown, the average specific gravity and absorption are 2.48
and 2.6, respectively. Specific gravity values ranged from a low of 2.45 to a high of
2.52. Similarly, absorption percentages ranged from 2.3% to 3.0%. Detailed test
results are included in Appendix F.
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Table 9 — Specific Gravity and Absorption Test Results for 3-inch Cubes

Lab No. Slab No. Specimen Specific Gravity Percent Absorption
98-174 SSQ-1 A 2.50 2.6
" " B 2.48 2.6
" " C 2.48 2.8
98-175 SSQ-2 A 2.50 2.5
" " B 2.50 2.5
" " C 2.49 2.6
98-176 SSQ-3 A * *
" " B * *
n " C * *
98-177 SSQ-4 A 2.50 2.4
" " B 2.50 2.5
n " C *% *%
98-178 SSQ-5 A 2.46 3.0
" " B 2.45 2.8
" " C 2.45 2.8
98-179 SSQ-6 A 2.45 2.8
" " B 2.45 2.9
" " C 2.45 2.9
98-180 SSQ-7 A 2.52 2.5
" " B 2.51 2.3
" " C 2.50 2.7
98-181 SSQ-8 A 2.48 2.3
" " B 2.49 2.5
" " C 2.49 2.4
98-182 SSQ-9 A 2.49 2.8
" " B 2.49 2.6
" " C 2.48 2.6
98-183 SSQ-10 A 2.45 2.8
" " B 2.46 2.7
" " C 2.46 2.7
Average 2.48 2.6
Notes:

* Unable to obtain cube samples. Slab was fractured and uneven.
** Only able to secure two cube specimens from slab.

Crushed Sandstone from Drill Cores

Specific gravity, absorption, and Los Angeles abrasion testing was performed on
a sample of crushed fresh sandstone from exploration drill cores. Testing indicated a
specific gravity of 2.48, absorption of 4.2%, and Los Angeles abrasion losses of 11.4%
and 43.4% after 100 revolutions and 500 revolutions, respectively. Detailed test results
are included in Appendix F.
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1%2-Minus Crushed Sandstone from Sites Quarry

The 1%-inch minus samples were prepared with random sandstone waste
cobbles from the Sites Quarry operator’s debris piles. Samples were segregated into
fresh and moderately weathered sandstone lots, and transported for crushing to Valley
Rock Products in Orland. A rock crusher processed the samples until material passed a
1-inch screen. Approximately two cubic yards of each the fresh and moderately
weathered material passing the 1-inch screen, including fines, were transported to the
DWR Bryte Lab in Sacramento for testing.

Specific gravity, absorption, and Los Angeles abrasion testing were performed on
the 17%-inch minus samples of crushed fresh and moderately weathered sandstone from
Sites Quarry. A summary of the test results is presented in Table 10. As shown, the
average specific gravity values vary little between the fresh and moderately weathered
samples at 2.48 and 2.46, respectively. However, there is a slight difference between
the fresh and moderately weathered absorption values of 5.1% and 6.1%, respectively.
Similar differences are noted when comparing the Los Angeles Abrasion values for the
fresh and moderately weathered sandstone at 100 and 500 revolutions. The fresh
sandstone had average losses of 10.1% and 45.7% for the 100 revolutions and 500
revolutions, respectively, while the moderately weathered sandstone had corresponding
average losses of 11.8% and 51.3%. Detailed test results are included in Appendix F.

Table 10 — Specific Gravity, Absorption, and Los Angeles Abrasion Test Results for
1%2-Inch Minus Crushed Sandstone from Sites Quarry

Los Angeles Abrasion
100 Rev. 500 Rev.
LabNo. | Specimen | Specific Gravity | Percent Absorption (% loss) (% loss)
Fresh
99C-113 A 2.48 4.9 11.4 50.8
99C-113 B 2.49 5.0 7.3 36.9
99C-113 C 2.48 5.4 11.5 49.5
Average 248 5.1 10.1 457
Moderately Weathered
99C-114 A 2.45 6.2 13.7 56
99C-114 B 2.46 6.0 9.2 43.5
99C-114 C 2.46 6.0 12.5 54.5
Average 2.46 6.1 11.8 51.3

2.5-Inch x 5-Inch x 5-Inch Cubes

Fresh and moderately weathered 2.5-inch x 5-inch x 5-inch cubes from Sites
Quarry were tested for specific gravity, absorption, and percent loss due to 45 wetting-
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drying cycles. The results are presented in Table 11. Slight differences are noticed
between the fresh and moderately weathered average values. The fresh sandstone
had an average specific gravity of 2.49, while the moderately weathered value was
2.43. Average percent absorption for the fresh and moderately weathered materials
were 3.3% and 4.7%, respectively. Wetting-drying test results were similar for both the
fresh and the moderately weathered sandstone at 0.5% loss and 0.6% loss,
respectively. It should be noted that neither the fresh nor the moderately weathered
samples exhibited scaling, flaking, cracking, or slabbing during any part of the wetting-
drying testing. Detailed test results are included in Appendix F.

Table 11 — Specific Gravity, Absorption, and Wetting-Drying Test Results
for 2.5-Inch x 5-Inch x 5-Inch Cubes

Wetting-Drying
LabNo. | Specimen | Specific Gravity | Percent Absorption (% loss)
Fresh
99C-80 A 2.50 3.2 0.5
99C-80 B 2.49 3.3 0.5
99C-80 C 2.49 3.3 0.5
Average 2.49 3.3 0.5

Moderately Weathered

99C- 79 A 2.43 4.7 0.6
99C- 79 B 242 4.7 0.6
99C- 79 C 2.43 4.7 0.5

Average 243 4.7 0.6

2.5-Inch Diameter Drill Cores from Geologic Exploration

Fresh and weathered 2.5-inch diameter drill cores from geologic exploration were
tested for specific gravity and absorption. The results are presented in Table 12. As
shown, the specific gravity and absorption for the fresh sandstone had an average of
2.50 and 2.9%, respectively, while the weathered sandstone had average values of 2.52
and 3.6%. Specific gravity values ranged from a low of 2.33 to a high of 2.66. Similarly,
absorption percentages ranged from 0.5% to 5.4%. Detailed test results are included in
Appendix F.
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from Geologic Exploration

Table 12 — Specific Gravity and Absorption Test Results for 2.5-Inch Diameter Drill Cores

LabNo. | Drill Hole Sta”(f?)epth S ('f?)epth Condition | Specific Gravity | Absorption (%)
2001-28A GGC-LA1 75.8 77.3 Fresh 2.56 2.9
2001-28B GGC-LA1 75.8 77.3 Fresh 2.56 2.9
2001-28C GGC-LA1 75.8 77.3 Fresh 2.57 2.8
2001-30A GGC-RC1 56.0 57.0 Fresh 2.49 2.9
2001-30B GGC-RC1 56.0 57.0 Fresh 2.50 2.8
2001-33A GGC-RC2 70.8 71.9 Fresh 2.53 2.8
2001-33B GGC-RC2 70.8 71.9 Fresh 2.52 3.1
2001-33C GGC-RC2 70.8 71.9 Fresh 2.55 3.0
2001-34A GGC-RA1 59.9 61.0 Fresh 2.53 2.6
2001-34B GGC-RA1 59.9 61.0 Fresh 2.55 2.6
2001-34C GGC-RA1 59.9 61.0 Fresh 2.56 2.6
2001-34D GGC-RA1 59.9 61.0 Fresh 2.56 2.8
2001-36A GO-DHS-3 45.0 46.0 Fresh 2.48 2.3
2001-36B GO-DHS-3 45.0 46.0 Fresh 2.48 2.2
2001-41A GO-DHT3 71.0 72.2 Fresh 2.48 4.2
2001-41B GO-DHT3 71.0 72.2 Fresh 2.43 3.3
2001-41C GO-DHT3 71.0 72.2 Fresh 2.42 3.3
2001-43A GO-DHT3 272.0 273.0 Fresh 2.45 3.7
2001-43B GO-DHT3 272.0 273.0 Fresh 2.44 3.9
2001-43C GO-DHT3 272.0 273.0 Fresh 2.44 3.5
2001-43D GO-DHT3 272.0 273.0 Fresh 2.43 3.9
2001-52C | GGO-DHS4 56.0 57.0 Fresh 2.66 0.8
2001-56B | GGO-DHT1 176.0 177.2 Fresh 2.66 0.5
2001-57A | GGO-DHT3 316.3 317.7 Fresh 2.33 4.4
2001-57B | GGO-DHT3 316.3 317.7 Fresh 2.42 34
2001-57C | GGO-DHT3 316.3 317.7 Fresh 2.43 3.4
2001-57D | GGO-DHT3 316.3 317.7 Fresh 2.44 3.6
2001-57E | GGO-DHT3 316.3 317.7 Fresh 2.46 3.7
2001-58A | GGO-DHT3 327.7 329.0 Fresh 2.49 2.0
2001-60A | GGO-DHT4 124.5 125.5 Fresh 2.50 2.7
2001-60B | GGO-DHT4 124.5 125.5 Fresh 2.59 1.5
2001-61A | GGO-DHT5 430.5 432.0 Fresh 2.49 3.3
2001-61B | GGO-DHT5 430.5 432.0 Fresh 2.53 2.5
2001-61C | GGO-DHT5 430.5 432.0 Fresh 2.54 2.9
2001-61D | GGO-DHT5 430.5 432.0 Fresh 2.52 2.1
1999C-84A GGLA-1 27.8 28.4 Weathered 2.52 3.7
1999C-84B GGLA-1 27.8 28.4 Weathered 2.50 3.8
1999C-88 GGLC-1 35.6 36.3 Weathered 2.66 1.5
1999C-90 GGRA-1 16.2 17.2 Weathered 2.41 54
1999C-91 GGRA-1 51.0 52.3 Fresh 2.47 3.7
1999C-92A GGRA-1 53.4 54.2 Fresh 2.50 3.5
1999C-92B GGRA-1 53.4 54.2 Fresh 2.50 34

Average for Fresh Sandstone = 2.50 2.9
Average for Weathered Sandstone = 2.52 3.6
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USACE Quality Testing

USACE performed similar quality testing on the Venado sandstone from Sites
Quarry and Sites Quarry (south) in the early 1960s and 1970s. For comparison
purposes, Table 13 through Table 16 present the USACE test results.

Sites Quarry (USACE, 1962)

Specific gravity, absorption, Los Angeles abrasion, and wetting-drying tests were
performed by USACE on samples of fresh and weathered Venado sandstone obtained
from Sites Quarry in 1962. As shown in Table 13, average specific gravity values for
the fresh and weathered sandstone were 2.54 and 2.44, respectively. The fresh and
the weathered sandstone had the same average absorption of 3.4%. Los Angeles
abrasion testing indicated percent losses for the fresh and weathered sandstone at
36.6% and 45.0%, respectively. Detailed test results can be found in Appendix G.

Table 13 — Rock Quality Test Results from Sites Quarry (USACE, 1962)

Sample " Specific Percent Los Angeles . :
NoF.) L RiEn Gpravity Absorption Abrasion (%/o loss) HEUIEH 2RI
*1 Weathered 2.44 3.4 **45.0 a
*2 Fresh 2.58 3.3 **39.1 b
*3 Fresh 2.50 3.5 **34.1 c

Avg. for Fresh Sandstone = 2.54 3.4 **36.6
Avg. for Weathered Sandstone = 2.44 3.4 **45.0
Notes:

* sample No. 1 consisted of 100 Ibs. of cobble sized particles, but sample types for samples
No. 2 and No. 3 are unknown.
** number of revolutions not specified, although values are comparable to 500 revolutions
a = after 15 cycles in fresh and salt water a noticeable softening and loosening of surface grains
was evident
b = slight surface sloughing

¢ = not reported

Sites Quarry (South) (USACE, April 1972)

Specific gravity, absorption, Los Angeles abrasion and wetting-drying tests were
performed by USACE on samples of slightly weathered Venado sandstone obtained
from Sites Quarry (south) in April of 1972. As shown in Table 14, the average specific
gravity and percent absorption for the slightly weathered sandstone were 2.46 and
2.2%, respectively. Percent loss during the Los Angeles Abrasion test was 27%.
Detailed test results can be found in Appendix G.
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Table 14 — Rock Quality Test Results from Sites Quarry (South)
(USACE, April 1972)

*Sample " Specific Percent Los Angeles : :
No.p Coneiion Gpravity Absorption | Abrasion (%/o loss) Mg BT

1 Slightly Weathered 247 2.3 27

2 Slightly Weathered 2.46 2.1 - a

3 Slightly Weathered 2.45 1.9 -

4 Slightly Weathered 2.45 24 -

Avg. for Slightly Weathered
Sandstone = 2.46 2.2

Note:
* sample types are unknown
** number of revolutions not specified
a = Freshwater slab broke into three large fragments during the fifth to seventh cycles, additional
flaking occurred for the duration of the test. The other specimens showed only minor flaking
during the test.

Sites Quarry (South) (USACE, July 1972)

Specific gravity, absorption, Los Angeles abrasion, and wetting-drying tests were
performed by USACE on samples of fresh, moderately weathered, and weathered
Venado sandstone obtained from Sites Quarry (south) in July of 1972. As shown in
Table 15, average specific gravity values for the fresh, moderately weathered, and
weathered sandstone were 2.46, 2.43, and 2.40, respectively. Average percent
absorption values were 3.4%, 4.6%, and 6.5%, respectively for the fresh, moderately
weathered, and weathered sandstone. Los Angeles abrasion testing was only
performed on the fresh and moderately weathered samples. As expected, the
moderately weathered sandstone exhibited a greater loss than the fresh sandstone.
Percent losses for the Los Angeles abrasion testing were 26% and 39% for the fresh
and moderately weathered sandstone, respectively. Although the total number of
wetting-drying cycles was not specified, the fresh sandstone parted along joints during
the twelfth cycle, and minor flaking occurred throughout the test. The moderately
weathered sandstone flaked throughout the entire test. Detailed test results are
included in Appendix G.
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Table 15 — Rock Quality Test Results from Sites Quarry (South) (USACE, July 1972)

Sample *Specimen Condition Speci.fic Percer.]t Log Angeles Wett.ing-
No. Gravity Absorption | Abrasion (% loss) | Drying
A 1 Fresh 2.43 4.1
" 2 Fresh 2.50 2.9 ** 26 a
" 3 Fresh 2.45 3.1
B 1 Mod. Weathered 244 4.8
" 2 Mod. Weathered 2.44 4.8 **39 b
" 3 Mod. Weathered 2.41 4.1
C 1 Weathered 242 6.1
" 2 Weathered 2.37 7.0 - -
" 3 Weathered 2.41 6.3
Avg. for Fresh Sandstone = 2.46 3.4
Avg. for Mod. Weathered Sandstone = 243 4.6
Avg. for Weathered Sandstone = 2.40 6.5

Notes:

* sample types are unknown
** Los Angeles Abrasion testing performed on specimen 1 of each rock type.
Number of revolutions not specified.

throughout the test.

b = Specimens flaked during the test.

Sites Quarry and Sites Quarry (South) (USACE, 1974)

a = Rock specimens parted along joints during the 12th cycle. Minor flaking occurred

Specific gravity, absorption, and Los Angeles abrasion testing were performed on
grab samples of fresh Venado sandstone obtained from Sites Quarry and Sites Quarry

(south) in 1974. As shown in Table 16, the average specific gravity values for the

gradations at Sites Quarry (south) and Sites Quarry are nearly identical at 2.46 and 2.47

respectively. Average percent absorption values for the sandstone at both quarries

were identical at 5.3%. Los Angeles abrasion testing, at 100 revolutions, yielded results
of 18.9% for Sites Quarry (south) and 12.8% at Sites Quarry. Corresponding values, at
500 revolutions, were 52.6% and 50.2%. Detailed test results are included in Appendix

G.
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Table 16 — Rock Quality Test Results from Sites Quarry and Sites Quarry (South)
(USACE, 1974, Tested by USBR)

Los Angeles Abrasion
Quarr Gradation Specific Absorption 100 Rev. 500 Rev.
y Gravity (%) (% loss) (% loss)
Sites Quarry (south) 115" - 34" 2.47 4.4
Sites Quarry (south) 34" — 35" 2.47 5.1 18.9 52.6
Sites Quarry (south) %" - #4 2.45 6.4
Sites Quarry 115" - 34" 2.48 4.4
Sites Quarry 3%" 3y 247 5.1 12.8 50.2
Sites Quarry 3g" - #4 2.46 6.5
Average Sites Quarry (south) = 2.46 5.3
Average Sites Quarry = 247 5.3

Quality Evaluation

For ease of comparison and discussion of the Venado sandstone quality
evaluation, Table 17 presents a summary of the average rock quality test results
performed by DWR. This table also includes acceptable limits criteria, adopted from
USBR’s Design Standards No. 13, Embankment Dams, Chapter 7, Riprap Slope
Protection, 1992 and USACE’s Engineer Manual No. 1110-2-2302, Construction with
Large Stone, 1990. These criteria indicate specific gravity values should be greater
than 2.6, while absorption should be less than 2%. Furthermore, Los Angeles abrasion
test results should be less than 10% and 40% for 100 revolutions and 500 revolutions,
respectively.
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Table 17 - Average Rock Quality Test Results for the Venado Sandstone

ASTM Test Procedures

Weathering Number of Specific Absorption SO ATIEED el EEi LD L
Sample Type _— . C131 45 Cycles
Characteristics Tests Gravity C 127
C 127 (%) 100 Rev. 500 Rev. D 5313
(% loss) (% loss) (% loss)
3-Inch Cubes from Sites Fresh 26 248 26 i i i
Quarry
Crushed Sandstone from Drill
Cores (1%-Inch Minus) Fresh 1 2.48 4.2 11.4 43.4 -
Crushed Sandstone from Fresh 3 2.48 5.1 10.1 45.7 -
Sites Quarry Moderately
1/ _ H _
(1%2-Inch Minus) Weathered 3 2.46 6.1 11.8 51.3
2Ys-Inch x 5-Inch x 5-Inch|  F"esh 3 2.49 3.3 ) ) 0.5
Cubes from Sites Quarry | Moderately 3 243 47 i i 0.6
Weathered
Drill Cores from Geologic Fresh 37 250 2.9 ) i )
Exploration Moderately
Weathered S 2.1 3.6 i ] i
Acceptable Limits** Should be Should be Should be Should be -
P >2.6 <2.0% <10% <40%

* Rock samples did not exhibit scaling, flaking, cracking, or slabbing during or at end of test.

** Acceptable limits criteria adopted from USBR's Design Standards No. 13, Embankment Dams, Chapter 7, Riprap Slope Protection,
1992 and USACE's Engineer Manual No. 1110-2-2302, Construction with Large Stone, 1990.

*** Rock should not exhibit progressive cracking during or at end of test.
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Although a comparison of the test results to the acceptable limits indicate the
quality of the Venado sandstone to be slightly unacceptable, the fresh sandstone is of
sufficient quality for use as clean rockfill and riprap, provided that considerations
regarding its quality are incorporated into design. The acceptable limits are generally
applicable for concrete aggregates and should not be used as the only indicator of rock
quality. A recent site inspection of Funks Reservoir Dam, where Venado sandstone
was used for upstream slope protection, yielded perhaps the most definitive statement
about the rock’s quality. The dam was constructed in the mid-1970s, and the sandstone
is still performing adequately today, exhibiting no significant signs of deterioration or
detrimental performance. The quality testing also confirms that the fresh Venado
sandstone is a better quality rock than the moderately weathered sandstone.

Based upon the test results, the following considerations should be included into
the design of the rockfill material:

» Specific gravity values of less than 2.6 may indicate rock with higher potential
for displacement by wave action. Larger rock sizes could be used to
compensate for lower values of specific gravity.

» Absorption values greater than 2% may indicate the rock will be susceptible
to deterioration from wave action or freeze thaw. Rock deterioration by wave
action may necessitate the periodic maintenance of the upstream slope.
Freeze-thaw damage is not a significant concern in the project area.

» Los Angeles Abrasion test results exceeding 10% for 100 revolutions and
40% for 500 revolutions may indicate the rock will be less resistant to
degradation by surface abrasion and impact. Development of test quarries
and fills should be performed as part of future design studies to ensure
specification requirements produce clean rockfill and riprap materials with
desired in-place gradations, while compensating for particle breakage during
quarry, placement, and compaction operations.

6.4 Physical Properties and Rock Strength

Laboratory testing was performed on fresh and moderately weathered samples
to characterize and evaluate the physical properties and strength of the Venado
sandstone. The following test procedures were performed on 6-inch diameter by 12-
inch long core samples from Sites Quarry and 2.5-inch diameter drill cores from
geologic exploration:

» Elastic Moduli of Intact Rock Core Specimens in Uniaxial Compression

(ASTM D 3148)
— Unconfined Compressive Strength
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- Young’s Modulus
- Poisson’s Ratio
» Splitting Tensile Strength of Intact Rock Core Specimens (ASTM D 3967)

6-Inch Diameter x 12-Inch Long Core Samples

Table 18 presents the physical properties and strength test results of the 6-inch
diameter by 12-inch long rock cores from Sites Quarry. As shown, the average
unconfined compressive strength for the fresh sandstone was 9,568 psi and 6,983 psi,
respectively for the dry and wet samples, while the moderately weathered sandstone
had corresponding values of 4,998 psi and 3,589 psi. The average Young’s Modulus
for the fresh sandstone was 1.258 x 10° psi and 1.180 x 10° psi, respectively for the dry
and wet samples, while the moderately weathered sandstone had corresponding values
of 0.916 x 10° psi and 0.735 x 10° psi. The average Poisson’s Ratio for the fresh
sandstone was 0.170 and 0.164, respectively for the dry and wet samples, while the
moderately weathered sandstone had corresponding values of 0.107 and 0.120. The
average Brazilian Tensile Strength for the fresh sandstone was 661 psi and 444 psi,
respectively for the dry and wet samples, while the moderately weathered sandstone
had corresponding values of 358 psi and 226 psi. Test results indicate that the
unconfined compressive strength and Brazilian tensile strength of the fresh sandstone is
approximately twice the strength of the moderately weathered sandstone. Detailed test
results can be found in Appendix H.
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Table 18 - Physical Properties of 6-Inch Diameter Sandstone Rock Cores from Sites Quarry

Lab No. Weathering Unconfined Compressive Young's Modulus Poisson's Ratio Brazilian Tensile
Strength (psi) (x10° psi) Strength (psi) Orientation to Bedding
Dry Wet Dry Wet Dry Wet Dry Wet
99C-62 Mod. Weathered 5,511 0.945 0.06
99C-55 Mod. Weathered 4,842 0.896 0.16
99C-59 Mod. Weathered 4,640 0.906 0.10
99C-53 Mod. Weathered 3,790 0.663 0.10
99C-59 Mod. Weathered 3,516 0.730 0.11
99C-61 Mod. Weathered 3,461 0.813 0.15
99C-66 Fresh 8,994 1.303 0.22
99C-69 Fresh 9,983 1.262 0.15
99C-73 Fresh 9,727 1.209 0.14
99C-70 Fresh 6,904 1.157 0.22
99C-72 Fresh 6,818 1.188 0.14
99C-74 Fresh 7,227 1.196 0.13
99C-54-3A Mod. Weathered 182 parallel
99C-54-3B Mod. Weathered 272 perpendicular
99C-54-3C Mod. Weathered 247 parallel
99C-54-3D Mod. Weathered 450 perpendicular
99C-56-5A Mod. Weathered 172 parallel
99C-56-5B Mod. Weathered 278 perpendicular
99C-56-5C Mod. Weathered 235 parallel
99C-56-5D Mod. Weathered 415 perpendicular
99C-58-7A Mod. Weathered 174 parallel
99C-58-7B Mod. Weathered 282 perpendicular
99C-58-7C Mod. Weathered 279 parallel
99C-58-7D Mod. Weathered 461 perpendicular
99C-60-9A Mod. Weathered 145 parallel
99C-60-9B Mod. Weathered 301 perpendicular
99C-60-9C Mod. Weathered 304 parallel
99C-60-9D Mod. Weathered 470 perpendicular
99C-67-2A Fresh 394 parallel
99C-67-2B Fresh 577 perpendicular
99C-67-2C Fresh 617 parallel
99C-67-2D Fresh 763 perpendicular
99C-71-6A Fresh 433 parallel
99C-71-6B Fresh 612 perpendicular
99C-71-6C Fresh 561 parallel
99C-71-6D Fresh 798 perpendicular
99C-75-10A Fresh 342 parallel
99C-75-10B Fresh 367 perpendicular
99C-75-10C Fresh 626 parallel
99C-75-10D Fresh 629 perpendicular
99C-78-13A Fresh 318 parallel
99C-78-13B Fresh 508 perpendicular
99C-78-13C Fresh 539 parallel
99C-78-13D Fresh 754 perpendicular
Average for Fresh = 9,568 6,983 1.258 1.180 0.170 0.164 661 444
Average for Mod. Weathered = 4,998 3,589 0.916 0.735 0.107 0.120 358 226
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2.5-Inch Diameter Drill Cores

Table 19 presents Brazilian tensile strength and compressive strength test
results for the 2.5-inch diameter drill cores from geologic exploration. As shown, the
average Brazilian tensile strength for the wet and dry, fresh samples of Venado
sandstone were 524 psi and 840 psi, respectively. The average compressive strengths
for the fresh samples were 6,836 psi and 10,808 psi for the wet and dry samples,
respectively. The fresh, wet samples ranged from a low of 4,548 psi to a high of 17,910
psi, while the fresh, dry samples ranged from a low of 4,600 psi to a high of 16,850 psi.
The weathered, dry sample had a compressive strength of 7,290 psi. Unconfined
compressive strength test results on the drill cores from geologic exploration are
comparable to the strength values determined for the 6-inch diameter drill cores from
Sites Quarry. Detailed test results can be found in Appendix H.
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Table 19 — Brazilian Tensile Strength and Compressive Strength Test Results for
2.5-Inch Diameter Drill Cores from Geologic Exploration

Start End : . Compressive Brazilian
LabCode | DrilHole | Depth | Depth Vé%fgﬁigrr‘lg é"o"r:ztl;‘lgi StrFt)angth Tensile
(ft) (ft) (psi) Strength (psi)
Brazilian Tensile Strength
2001-57D | GGO-DHT3 316.3 317.7 Wet - 467
2001-61A | GGO-DHT5 430.5 432 Fresh Wet - 541
2001-41A GO-DHT3 71 72.2 Wet - 565
2001-52B | GGO-DHS4 56 57 Fresh Dry - 789
2001-57E | GGO-DHT3 316.3 317.7 Dry - 890
Average for Wet Samples 524
Average for Dry Samples = 840
Compressive Strength
1999C-84A GGLA-1 27.8 28.4 Wet 4,725 -
1999C-92A GGRA-1 53.4 54.2 Wet 7,230 -
1999C-110 LC-2 51.3 52 Wet 17,910 -
2001-58A | GGO-DHT3 327.7 329 Wet 4,548 -
2001-30A GGC-RCH1 56 57 Wet 4,693 -
2001-34B GGC-RA1 59.9 61 Fresh Wet 4,810 -
2001-41B GO-DHT3 71 72.2 Wet 5,226 -
2001-28B GGC-LA1 75.8 77.3 Wet 5,703 -
2001-61B | GGO-DHT5 430.5 432 Wet 5,745 -
2001-52C | GGO-DHS4 56 57 Wet 6,861 -
2001-60B | GGO-DHT4 124.5 125.5 Wet 7,740 -
1999C-91 GGRA-1 51 52.3 Dry 13,080
1999C-92B GGRA-1 53.4 54.2 Dry 13,120
2001-58B | GGO-DHT3 327.7 329 Dry 4,600 -
2001-61C | GGO-DHT5 430.5 432 Dry 8,803 -
2001-60A | GGO-DHT4 124.5 125.5 Dry 9,264 -
2001-30B GGC-RC1 56 57 Fresh Dry 9,791 -
2001-34C GGC-RA1 59.9 61 Dry 9,997 -
2001-28C GGC-LA1 75.8 77.3 Dry 10,125 -
2001-56B | GGO-DHT1 176 177.2 Dry 11,988 -
1999C-84B GGLA-1 27.8 28.4 Dry 11,270 -
1999C-88 GGLC-1 35.6 36.3 Dry 16,850 -
1999C-90 GGRA-1 16.2 17.2 Weathered Dry 7,290 -
Average for Fresh, Wet Samples = 6,836
Average for Fresh, Dry Samples = 10,808
Average for Weathered, Dry Samples = 7,290
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Average physical properties and strength values for the Venado sandstone
presented in subsequent sections of this report will be based upon testing performed on
the 6-inch diameter cores from Sites Quarry. These samples are considered to provide
a better representation of the sandstone that would be obtained from quarry
development for the Sites Reservoir project, since these samples were obtained from
an active quarry near the surface and not at depth as in the cores obtained from
exploration holes.

Comparison to Other Rockfill Materials

Table 20 presents a comparison of the average physical properties of the
Venado sandstone to other rockfill materials for which physical properties, strength, and
shear strength data are available. Of particular interest is a comparison to the Venado
sandstone that was extensively tested as part of the UC Berkeley Report by Becker et.
al. (1972). The Venado sandstone tested by DWR and UC Berkeley were obtained
from the same quarry (Sites Quarry) and have similar unconfined compressive
strengths of 9,568 psi and 8,845 psi, respectively. The average compressive strength
of the fresh sandstone tested by DWR is higher than the sandstone tested by UC
Berkeley, indicating that the use of UC Berkeley'’s testing for evaluation of the
sandstone as part of this study is appropriate. Additionally, compressive and shear
strength data for the other rockfill materials presented in Table 20 will be used to
develop relationships to estimate shear strengths of the Venado sandstone for use in
the feasibility level stability analysis.
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Table 20 - Average Physical Properties of Rock Cores

Source Rock Type Unconfined Compressive Young's Modulus Poisson's Ratio Brazilian Tensile Reference
Strength (psi) (x106 psi) Strength (psi)
Dry Wet Dry Wet Dry Wet Dry Wet
Sites Quarry |Sandstone (F) 9,568 6,983 1.258 1.180 0.170 0.164 661 444 1
Sites Quarry |Sandstone (MW) 4,998 3,589 0.916 0.735 0.107 0.120 358 226 1
Sites Quarry |Sandstone (A) 8,845 4,797 1.93 1.45 0.220 1,133 2
Newville Sandstone 22,160 12,160 3.210 2.610 0.13 0.29 1,898 1120 3
Newville Conglomerate 16,800 5,750 4.260 2.780 0.15 0.47 1,522 844 3
Oroville Amphibolite 45,500 28,000 6.200 6.200 1,870 2
Oroville Quartz Schist 48,400 29,500 10.200 6.800 0.30 2,590 2
Oroville Granulite 17,000 2.850 2
Pyramid Argillite 15,000 4.200 1,896 2

F-Fresh, MW-Moderately Weathered, A-Average

1. DWR's current testing and evaluation program.
2. Becker, Chan, and Seed, UC Berkeley Report No. TE 72-3 "Strength and Deformation Characteristics of Rockfill Materials in

Plane Strain and Triaxial Compression Tests"
3. DWR "SWP Future Supply Program Glenn Reservoir Complex, Investigation of Rockfill Materials for Newville Dam," December 1980
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Rock Strength Classification

Figure 23 presents a graphical comparison of the average compressive strength
of the Venado sandstone to other rockfill materials. This figure also includes rock
strength classification scales proposed by Leps and Deere. According to these scales,
the sandstone would be classified as follows:

* Fresh Sandstone, Dry
— Leps Scale = Average Strength
— Deere Scale = Average Strength

* Fresh Sandstone, Saturated
— Leps Scale = Average Strength
— Deere Scale = Low Strength

* Moderately Weathered Sandstone, Dry
— Leps Scale = Average Strength
— Deere Scale = Low Strength

* Moderately Weather Sandstone, Saturated
— Leps Scale = Average Strength
— Deere Scale = Very Low Strength

These strength classifications confirm that the fresh Venado sandstone is a better
quality rock than the moderately weathered sandstone.

Figure 24 presents a graphical comparison of the fresh Venado sandstone to
other rockfill materials using the Deere engineering classification chart. As shown in
this figure, the saturated Venado sandstone is classified as a low strength, low modulus
ratio material, while the dry Venado sandstone is classified as a medium strength, low
modulus ratio material.

6.5 Shear Strength

Shear strength parameters were estimated by determining the physical
properties of the Venado sandstone, identifying rockfill materials with similar properties,
and selecting shear strength parameters from published data for those similar rockfill
materials.

Table 21 presents published data for the shear strength properties of the Venado
sandstone and other rockfill materials. As shown, data was collected from 2.8-inch, 12-
inch, and 36-inch triaxial tests as well as plane strain tests. Photographs of the large-
scale triaxial and plane strain testing apparatus used at UC Berkeley on Oroville
amphibolite, Pyramid argillite, and Venado sandstone are included for reference as
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Figure 25 and Figure 26, respectively. Of particular interest is the Venado sandstone
test data presented in the 1972 UC Berkeley Report by Becker et. al. The Venado
sandstone examined in this report was quarried within the vicinity of the expected
borrow locations for the Sites Reservoir project. As such, it is appropriate to make
estimations from the published Venado sandstone data regarding the anticipated shear
strength of the rockfill material for the Sites Reservoir Project. Shear strength
information for the published data is included for reference in Appendix J.

Figure 27 is a comparison of confining stress to friction angle for the rockfill
materials presented in Table 21. The figure was modeled after the shearing strength
plot first proposed by Leps, 1970 (Appendix J) and includes Leps’ rockfill strength
scales for comparison. This figure also includes trendlines of confining stress versus
friction angle for the 36-inch triaxial tests and plane strain tests performed on the
Venado sandstone. These trendlines will be used to estimate shear strength properties
of the Venado sandstone.
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Table 21 - Shear Strength Properties of Rockfill Materials

Proiect Rock Tvpe Triaxial Test Maximum Particle Confining Pressure Friction Angle Reference
! P Size (inches) Size (inches) (psi) (degrees)
1.5 23 45
1.5 50 39.5
Indraratna et al. 1993 Greywacke (1.5 inch) Informgtlon not 15 70 37 Indraratna et al, 1993
available. 1.5 90 36
1.5 120 34.5
1.5 145 32.5
36 6 30 47
. . - 36 6 140 43 Marachi et al, UC Berkeley
Oroville Amphibolite (Dredger Tailings
P (Dredg os) 36 6 420 39.5 1969
36 6 650 38.5
2.8 0.5 30 43.5
Newville Sandstone 2.8 0.5 85 39.5 DWR, 1980
2.8 0.5 140 38.5
2.8 0.5 300 37
2.8 0.5 30 44
. 2.8 0.5 85 41
N Il Congl t DWR, 1980
ewville onglomerate > 8 05 1720 39
2.8 0.5 300 35
Eastside Quartzite BA-2 Not applicable. E;?stS|de friction angles 30 48 Dome.nlgonll Valley
are design values. 100 44 Reservoir Project, 1994
36 6 30 47
. - 36 6 140 39.5 Marachi et al, UC Berkeley
P Argillit
yramid rgillite 3% 5 220 36 1969
36 6 650 35.5
7 59
Charles & Watts, 1980 Sandstone Information not available. Zg g; Charles & Watts, 1980
150 35
Scammonden Sandstone 12 Informfanon not 15 49 Charles, 1973
12 available. 250 37
36 6 30 41
UC Berkeley Venado Sandstone 36 6 140 36.5 Becker et al, UC Berkeley
36 6 420 36 1972
36 6 650 37
NA 4 30 44
UC Berkele Venado Sandstone NA 4 140 41 Becker et al, UC Berkeley
4 (under plane strain conditions) NA 4 420 38 1972
NA 4 650 38
Eastside Phyliite BA-3 Not applicable. Egst5|de friction angles 30 46 Dome.nlgon.| Valley
are design values. 100 42 Reservoir Project, 1994
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Table 22 summarizes the estimated range of friction angles for the Venado
Sandstone obtained from Figure 27 at confining stresses equivalent to the average
stress and maximum stress levels estimated to occur on deep sliding surfaces within
the proposed Golden Gate and Sites dam embankments. The average and maximum
confining stresses are estimated to be approximately 40 psi and 100 psi, respectively.
As shown in Table 22, the average and maximum confining stresses correspond to
triaxial friction angels of 40.5° and 39.0° and plane strain friction angles of 43.5° and
41.5°. According to the reference scale proposed by Leps, 1970, these ranges of
friction angles roughly correspond to rockfill shear strength classifications of “Low” and
“Average” for triaxial and plane strain conditions, respectively.

Table 22 — Estimated Shear Strength of Rockfill Materials

Confining Pressure Triaxial Friction Angle Plane Strain Friction Angle
(psi) (degrees) (degrees)
40 40.5 43.5
100 39.0 41.5

It is customary to estimate shear strengths in terms of triaxial friction angles, but
plane strain friction angles are also presented because Marachi et. al. (1969) suggested
that long rockfill dams experience deformation conditions generally similar to those of
plane strain. It should also be pointed out that the triaxial and plane strain data for the
Venado sandstone, corresponding to a 6-inch and 4-inch maximum particle size,
respectively, were intentionally chosen for their large particle size. According to the
study performed by Becker et al (1972) (Appendix J), there is very little change in shear
strength between the 2-inch maximum particle size triaxial tests and the 6-inch
maximum particle size triaxial tests, when similar gradations are used. Furthermore, a
plot in the same study suggests that little difference would be seen (in terms of shear
strength) if the data were extrapolated to include the 30-inch maximum particle size
expected for use in rockfill materials for Sites reservoir. In summary, it is therefore
appropriate to use the shear strengths estimated from Figure 27 and presented in Table
22.

Since a lower level of evaluation is required for the feasibility level stability
analysis, the shear strength for the rockfill material was estimated by adopting a friction
angle corresponding to the average confining stress (40 psi) estimated to occur on deep
sliding surfaces, and neglecting the effects of varying shear strength with confining
stress by using the average value. Specifically, the recommended shear strength for
the rockfill material was estimated by adopting the plane strain friction angle for the
average confining stress, but reducing the value slightly as a conservative measure.
The recommended shear strength for use in the feasibility level stability analysis is:
Friction Angle (¢) = 42°. Since shear strength varies with confining stress, future
testing and evaluation of the rockfill materials should account for this effect when
recommending shear strengths for use in preliminary and final design of the dam
embankments.
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Subsequent tables and figures are presented as a supplemental comparison for
the selection of appropriate shear strengths for the Venado sandstone.

Table 23 presents published compressive and shear strength properties of
selected rockfill materials under triaxial and plane strain conditions at confining

pressures of 40 psi and 100 psi. Published data was obtained from UC Berkeley and
DWR reports.

Table 23 — Published Compressive and Shear Strength Properties of Selected Rockfill

Materials
: Dry Unconfined Compressive Triaxial Frictior] Triaxial Friction.
Project Rock Type . Angle at 40 psi Angle at 100 psi Reference
S (2= (degrees) (degrees)
Oroville  |Amphibolite (Dredger Tailings) 45,500 46.5 445 1
Newville |Sandstone 22,160 43.0 39.0 2
Newville |Conglomerate 16,800 43.5 40.5 2
Pyramid  [Argillite 15,500 46.5 42.0 1
Venado [Sandstone 8,845 40.5 38.0 3
Oroville  |Amphibolite (Dredger Tailings) 45,500 *52.0 *49.5 3
Pyramid  [Argillite 15,500 *48.5 *45.0 2,3
Venado [Sandstone 8,845 *43.5 *41.5 3

Notes: * = friction angle under plane strain conditions
1 = Marachi, Becker, et al (1969, 1972)
2=DWR, 1980
3 = Becker et al, 1972

Figure 28 and Figure 29 present comparisons of dry unconfined compressive
strength to friction angle, under triaxial and plane strain conditions, for the rockfill
materials presented in Table 23. Figure 28 presents friction angles corresponding to a
confining stress of 40 psi, while Figure 29 presents friction angles corresponding to a
confining stress of 100 psi. A trendline was developed through the triaxial and plane
strain rockfill data to facilitate estimation of the shear strength for the Venado
sandstone. As shown in Figure 28, the average dry unconfined compressive strength of
9,568 psi indicates friction angles of approximately 42.0° and 44.5° for the triaxial and
plane strain conditions, respectively at a confining stress of 40 psi. As shown in Figure
29, a dry unconfined compressive strength of 9,568 psi indicates friction angles of
approximately 38.5° and 42.0° for the triaxial and plane strain conditions, respectively at
a confining stress of 100 psi.

Figure 30 is another comparison between compressive strength and friction
angle for rockfill materials used in embankment dams. Data was obtained from ICOLD
Bulletin 92, and probably reflects design values instead of actual test results. Again, a
trendline through the rockfill data, coupled with Venado sandstone’s compressive
strength of 9,568 psi, indicates a friction angle of approximately 39.5°.
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Figures 28 through 30 are supplemental comparisons for the selection of
appropriate shear strengths for the Venado sandstone for use as rockfill material in the
proposed dams. These figures indicate comparable shear strengths for the Venado
sandstone and confirm the selection of the shear strengths recommended previously in
this section.

6.6 Density

Compacted in-place densities of the Venado sandstone to be used as rockfill and
riprap materials were estimated from data published by Becker et. al. (1972) (Appendix
K). In-place densities were calculated assuming a water content of 5% and a relative
density of 90% for the compacted rockfill materials. The published data along with the
previous assumptions indicate estimated dry, moist, and saturated densities of 116 pcf,
122 pcf, and 136 pcf, respectively.

6.7 Particle Breakage

Particle breakage refers to the phenomenon by which individual rock particles
fracture and crush due to external stress concentrations. Because particle breakage
can adversely affect a soil's shear strength, it warrants consideration during design.
Relevant to this report, particle breakage occurs within embankment dams and can be
modeled and simulated in the laboratory by compression tests such as triaxial and
plane strain testing.

As discussed in UC Berkeley reports by Marachi, Becker, et. al. (1969, 1972),
Marsal (1965) quantified the amount of a soil’s particle breakage by devising the particle
breakage factor “B”. The breakage factor B is calculated by comparing the percent
material retained on each sieve before and after shear strength testing, and summing
the same sign differences for each sieve. For clarification, a sample calculation of the
particle breakage factor B is included below.
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Sample Calculation of Particle Breakage Factor B

% Retained on Sieve
Sieve Before Testing | After Testing A (%)

3-inch 6 6 0
1%4-inch 20.5 20.2 0.3
Y-inch 24.5 24.7 -0.2
*/g-inch 17.5 19.1 -1.6
#4 11.5 9.9 1.6
Pan 20 20.1 -0.1

Particle Breakage Factor B = 1.9 %

A comparison of observed particle breakage of the Venado sandstone during
shear strength testing to rockfill materials (argillite) used at Pyramid Dam was
performed as a supplemental method for evaluating the suitability of the sandstone for
rockfill and riprap materials. This comparison involved review of the large-scale triaxial
and plane strain testing documented in UC Berkeley reports published by Marachi,
Becker, et. al. (1969, 1972). It should be pointed out that both rockfill materials were
composed of angular particles, and both materials had the same initial gradation for
each test and/or figure discussed in the following paragraphs.

Figures 31 and 32 present particle breakage as a function of confining pressure,
observed from triaxial testing, for the Venado sandstone and Pyramid Dam argillite,
respectively. When directly comparing the two curves for the 6-inch maximum particle
size (36-inch diameter specimen), it can be seen that the two rockfill materials exhibit
comparable particle breakage. In fact, at confining pressures of 30 psi, 420 psi, and
650 psi, the Venado sandstone demonstrated less particle breakage than the Pyramid
Dam argillite. Table 24 compares the Venado sandstone and Pyramid argillite particle
breakage results as presented in Figures 31 and 32.
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Table 24 — Summary of Particle Breakage Results for 6-Inch Maximum Particle
Size Triaxial Tests for Venado Sandstone and Pyramid Argillite

Particle Breakage (%)
at Confining Pressures of:

Rock Type 30 psi 140 psi 420 psi 650 psi
Venado Sandstone 12.5 22.5 31.5 33.5
Pyramid Argillite 13.5 21.5 35 43

Figure 33 is a comparison of particle breakage of the Venado sandstone to the
Pyramid Dam argillite for plane strain testing. Particle breakage is plotted against minor
principal stress. Of particular interest is the 4-inch maximum particle size curves for the
two materials. Similar to the previous two figures, the Venado sandstone and Pyramid
Dam argillite exhibit comparable particle breakage. Again, at certain minor principal
stresses, the Venado sandstone shows slightly more resistance to particle breakage
than the Pyramid Dam argillite. Table 25 compares the Venado sandstone and Pyramid
argillite particle breakage results as presented in Figure 33.

Table 25 — Summary of Particle Breakage Results for 4-Inch Maximum Particle Size
Plane Strain Tests for Venado Sandstone and Pyramid Argillite

Particle Breakage (%)
at Minor Principal Stresses of:

Rock Type 30 psi 140 psi 420 psi 650 psi
Venado Sandstone 8 17 25 26.5
Pyramid Argillite 8.5 17 27.5 32.5

Figure 34 presents gradation curves for the Venado sandstone and the Pyramid
Dam argillite before and after the plane strain testing at a minor principal stress of 650
psi. This figure confirms the earlier suggestion that the Venado sandstone exhibited
slightly more resistance to particle breakage than the Pyramid Dam argillite. As seen in
this figure, the Pyramid Dam argillite has a slightly finer gradation after testing than the
Venado sandstone, indicating the Venado sandstone to be slightly more resistant to
particle breakage.

Figure 31 through Figure 34 indicate the particle breakage of the Venado
sandstone is comparable to the Pyramid Dam argillite. In some cases, the Venado
sandstone exhibited slightly more resistance to particle breakage than the Pyramid Dam
argillite. Considering that the Pyramid Dam argillite is an adequate and successfully
performing rockfill material, the Venado sandstone is judged to have sufficient strength
and resistance to breakage for use as clean rockfill and riprap material.
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6.8 Observed Performance

Probably the greatest indicator of the quality, durability, and suitability of the
Venado sandstone for use as rockfill and riprap is to evaluate its long-term performance
under similar environmental and operating conditions. Venado sandstone was used as
upstream slope protection on USBR’s Funks Reservoir Dam, constructed during the mid
1970s. Inspection of the slope protection on Funks Reservoir Dam indicates that the
Venado sandstone has not exhibited significant deterioration, has performed adequately
over the last 25 years, and is of sufficient quality for use as clean rockfill and riprap
materials. Figure 35 is a photograph of the upstream slope protection on Funks
Reservoir Dam.

6.9 Processability

As discussed and evaluated earlier in the report, the fresh sandstone was found
to be of better quality, and thus more desirable, than the moderately weathered
sandstone. As such, obtaining fresh Venado sandstone for use as riprap and rockfill
material is essential to the successful construction and operation of the proposed
embankment dams. Past correspondence between the USACE and Teichert
Construction (regarding the Venado sandstone quarrying operations at Sites Quarry
(south)) indicates that separating the desired fresh Venado sandstone from the lesser
quality, weathered sandstone and interbedded mudstone may be a significant task.
Teichert’s quarry operations at Sites Quarry (south) were producing riprap for
Sacramento River bank protection projects. Consequently, further studies should
include an assessment of the excavation and processing requirements to produce the
desired materials. USACE inspection reports of Teichert’s quarry operation are included
for reference in Appendix L.

As previously mentioned, USBR’s Funks Reservoir Dam also utilized Venado
sandstone for use as upstream slope protection. Although USBR and USACE used the
Venado sandstone for somewhat different purposes, it should be pointed out that USBR
inspector, Paul Freeman, reported no difficulties in processing the sandstone for use as
upstream slope protection during a phone conversation in September, 2001

Inspection of Sites Quarry indicates that obtaining the desired stone sizes for
rockfill and riprap material may require additional processing. Drilling and blasting will
likely produce over-sized and/or under-sized rock fragments depending upon the
bedding thickness. Over-sized stones will require further processing (crushing), while
under-sized stones will have to be segregated and removed from the prospective rockfill
and riprap material to be used as random or possibly transition material. Quality control
over the quarrying operations will be necessary to ensure specification requirements are
met.
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6.10 Conclusions and Recommendations

Material testing and evaluation indicate the fresh Venado sandstone is of
sufficient quality for use as clean rockfill and riprap materials. Sufficient quantities of
Venado sandstone can be obtained from quarries developed in near vicinity of the dam
sites for the embankment dams under consideration. Although beyond the scope of this
study, future design investigations should include test quarries and fills to develop the
specification requirements. This will ensure that the Venado sandstone will meet design
requirements for clean rockfill material, particularly related to limiting the fines content of
in-place material. Future design investigations should also include additional testing
and evaluation of the Venado sandstone to further define the engineering properties of
the clean rockfill material such as: shear strength, hydraulic conductivity, density, etc..

Although use of the highest quality rock meeting laboratory test requirements for
concrete aggregates is desirable, use of “softer” rock types (such as the Venado
sandstone) is an acceptable practice if the rock is the best quality available within the
project area. “Softer” or “weaker” rock types have been used successfully in many
existing dams provided that conservative estimates of engineering properties are
selected for design. It should be noted that the available types of material should
dictate the selected dam section. Design requirements should not dictate material
criteria for major embankment zones, only for zones with specific design requirements
(such as filters and drains).

Physical properties, strength, and quality testing confirm the observation that the
moderately weathered sandstone is a lower quality rock than the fresh sandstone. Dam
design criteria generally dictate use of the best quality rock available on site for rockfill
and riprap materials. To meet this requirement, it is assumed that only fresh sandstone
will be used for riprap and clean rockfill materials, and weathered sandstone will be
used for random rockfill material in preparing the feasibility level embankment design
and cost estimates. Moderately weathered sandstone may, in fact, be suitable for clean
rockfill materials. Use of weathered sandstone for rockfill materials should be
investigated further in future design studies.

Although not discussed in the report, drill cores from the geologic exploration
program found a north trending unit of conglomerate within the Sites Reservoir area
near the proposed saddle dam sites. Preliminary review of the drill cores indicates the
conglomerate may be suitable as rockfill for the saddle dams. Compressive strength
tests performed towards the end of this investigation on samples from Hole No. SSD 6-
1 indicate average dry and saturated compressive strengths of 5,761 psi and 3,058 psi
respectively. Detailed test results are included in Appendix P. Future design
investigations should include a comprehensive study of the conglomerate to determine
its suitability as a rockfill source.
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7.0 RANDOM MATERIALS
7.1 Introduction

Random embankment materials will be comprised of materials unsuitable for use
as clean rockfill and generally do not meet the hydraulic conductivity and erosion
resistant properties required for rockfill materials. These random materials would
consist of weathered sandstone, sandstone with interbedded mudstone, mudstone,
slopewash, colluvium, etc. from excavations for the dam foundations, appurtenant
structures, and the rockfill quarries. Available quantities of random material in the
project area exceed estimated quantities of 1 million cubic yards and 3 million cubic
yards for Sites and Golden Gate dams, respectively. In addition, sufficient quantities of
random type materials are available for construction of the saddle dams.

It is anticipated that two general types of random materials will be generated
during construction depending upon the source of the material. One type of random
material will be comprised of predominately weathered sandstone from the Cortina
Formation. This material will be comprised of weathered sandstone, sandstone
interbedded with mudstone, and fines generated during quarry excavation and
processing operation for clean rockfill and riprap materials. This type of random
material will also incorporate material generated during dam foundation and structure
excavations in the Cortina Formation. It is anticipated that this material will be
characterized as semi-pervious and generally be classified as a gravel with sand and
cobbles.

The other type of random material will be comprised of predominantly mudstone
generated during dam foundation and structure excavation, and from borrow excavation
in the Boxer Formation. Since the mudstone is a low strength rock and tends to fall
apart when exposed to air and water, this material will likely break down into a “soil like”
material during excavation and compaction operations. In comparison to the random
material generated from the Cortina Formation, this random material will generally have
a higher fines content, smaller maximum particle size, and a lower shear strength. It is
anticipated that this material will be characterized as semi-impervious to impervious and
generally be classified as a silty or clayey sand with gravel. This estimation was
confirmed by after compaction classification gradation tests performed on mudstone
obtained from Drill Cores SSD 5-3, SSD 8-1, and SSD 8-3 (Appendix Q).

Since random materials are generally not used in areas of dam embankments
that would require engineering properties such as hydraulic conductivity, erosion
resistance, etc., the emphasis of this investigation is to provide an estimate of the shear
strength and compacted densities for use in the feasibility level stability analysis. The
engineering properties of the random materials were estimated by performing limited
laboratory testing combined with a review and comparison to published data.
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7.2 Compressive Strength

Compressive strength testing was performed on samples of moderately
weathered sandstone and mudstone to provide an estimate of the strength of the
random materials. Compressive strength testing was performed on:

* 6-inch diameter x 12-inch long core samples of weathered sandstone from Sites
Quarry
e 2.5-inch diameter drill cores of mudstone from geologic exploration

Testing was performed in accordance with Elastic Moduli of Intact Rock Core
Specimens in Uniaxial Compression (ASTM D 3148). Test results for the mudstone
samples are presented in Table 26, and test results for the moderately weathered
sandstone samples were presented in the rockfill section.

As shown in Table 26, the mudstone had an average compressive strength of
3,477 psi. The compressive strengths ranged from a low of 1,180 psi to a high of 5,390
psi. It should be pointed out that the compressive strength testing was primarily
performed on samples obtained at depth, since near surface samples tended to expand
and break apart and were not suitable for testing. Furthermore, mudstone samples
were also tested dry since saturated samples fell apart and could not be tested. The
compressive strength of 1,180 psi corresponds to the only sample tested near the
surface and is an indicator that materials comprised of mudstone from dam foundation
and structure excavation will be low strength. Additionally, the propensity of the
mudstone to fall apart when exposed to air and water indicates that it will likely
breakdown into a soil like material during excavation and compaction operations.
Detailed test results are included for reference in Appendix M.

Table 26 — Compressive Strength Test Results for Dry Mudstone
(2.5-Inch Diameter Drill Cores from Geologic Exploration)

Bryte Lab Code Drill Hole Star’((fE))epth End(lf:t))epth Compres(s;\:i-‘-,) Strength
1999C-87 GGLC-1 23.2 23.8 1,180
2001-32A GGC-RC2 140.1 141.3 3,980
2001-35A GGC-RA1 146.3 147.5 2,184
2001-40C SSD9-1 120.4 121.4 5,238
2001-55A GGO-DHT1 155.7 156.7 3,170
2001-59D GGO-DHT4 115.5 116.7 2,816
2001-63A GGO-DHT6 556.3 557.3 3,856
1999C-89 GGLC-1 199.5 200.3 5,390

Average = 3,477
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For comparison purposes, Table 27 presents the average compressive strengths
for the mudstone samples obtained from geologic exploration and the weathered
sandstone samples obtained from Sites Quarry.

Table 27 — Average Compressive Strengths for Mudstone and Weathered Sandstone

Vel Sanres Moisture Compressive
Condition Strength (psi)
Mudstone 2.5-Inch Dlam_eter Drill Cpres from Dry 3.477
Geologic Exploration
Weathered Sandstone 6-Inch Diameter x 12-Inch Long Dry 4,998
Cores from Sites Quarry

7.3 Rock Strength Classification

Based upon the average compressive strength results for the dry materials, the
mudstone and moderately weathered sandstone would be classified as follows,
according to the Leps and Deere scales previously presented in Figure 23:

* Mudstone

- Leps = Average Strength

— Deere = Very Low Strength
* Weathered Sandstone

— Leps = Average Strength

- Deere = Low Strength

7.4 Shear Strength

Material Comprised of Predominantly Weathered Sandstone (Cortina Formation)

Shear strength parameters for the random material comprised of predominately
weathered sandstone were estimated using an approach similar to that detailed in
Section 6.5. Figure 36 repeats the comparison of dry unconfined compressive strength
to friction angles for the rockfill materials presented in Table 23 at a confining stress
equivalent to the average stress level estimated to occur on deep sliding surfaces within
the proposed dam embankments (40 psi). As shown in Figure 36, the average dry
unconfined compressive strength of the weathered Venado sandstone of 4,998 psi
indicates friction angles of 40.0° and 41.5° for the triaxial and plane strain conditions,
respectively.
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Similar to the approach discussed in Section 6.5, the recommended shear
strength of the random material comprised predominantly of weathered sandstone was
estimated by adopting the friction angle corresponding to plane strain conditions and
reducing this value slightly as a conservative measure. Using this approach, the
recommended shear strength for use in the feasibility level stability analysis is: Friction
Angle (@) = 40°.

Figure 37 repeats the supplemental comparison between compressive strength
and friction angle for rockfill materials used in embankment dams for data presented in
ICOLD Bulletin 92. As shown, the trendline through the rockfill data, coupled with the
average compressive strength of the moderately weathered sandstone of 4,998 psi,
indicates a friction angle of 38.5°. This figure indicates a comparable shear strength for
the weathered sandstone and confirms that the recommended shear strength is an
appropriate selection. Another confirmation that the recommended shear strength is an
appropriate selection is a direct comparison to Leps’ “Rockfill Shearing Strength” chart
included in Appendix J. According to Leps’ chart, a rockfill material with low density,
poorly graded, weak particles would have a friction angle of approximately 39° for the
confining stress level under consideration.

Material Comprised of Predominantly Mudstone (Boxer Formation)

Since it is anticipated that random material comprised of predominately
mudstone will be characterized as a “soil like” material after excavation and compaction
operations, estimation of the shear strength using a comparison to published data for
rockfill materials is not appropriate. Therefore, shear strength parameters for this type
of random material were estimated from published soil data corresponding to the
anticipated classification of the in-place material after excavation and compaction
operations. As discussed previously, it is anticipated that this material will generally be
classified as a silty or clayey sand with gravel. Based upon a review of published data
for this type of material, the recommended shear strength parameters for use in the
feasibility level stability analysis are: Total Friction Angle (¢) = 15°; Total Cohesion
(C) = 600 psf; Effective Friction Angle (¢) = 35°; and Effective Cohesion (C’) = 0 psf.

These recommended shear strength parameters represent adoption of the
average shear strength parameters for SC and SM materials presented in a DWR shear
strength study (1976). Published data from this study is included for reference in
Appendix N.

7.5 Density
Since test results indicate the mudstone and Venado sandstone have similar

specific gravities, in-place densities of the random materials are assumed to be
equivalent to the rockfill densities, previously estimated in section 6.6. Recommended
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dry, moist, and saturated densities for the random materials are 116 pcf, 122 pcf, and
136 pcf, respectively.

7.6 Conclusions and Recommendations

Random embankment materials will be comprised of materials that are
essentially unsuitable for use as clean rockfill. The random materials will include
weathered sandstone, mudstone, slopewash, colluvium, and other materials from
excavations for the dam foundations, appurtenant structures, and the rockfill quarries
and designated borrow areas for construction of the saddle dams. Since random
materials are generally used in portions of the dam embankment where hydraulic
conductivity and erosion resistant properties are not a consideration, random materials
do not require a comprehensive evaluation of engineering properties. As such, only
shear strength and density were investigated as part of this feasibility investigation.

Sufficient quantities of random material are available within or near the proposed
Sites Reservoir project area. These materials will be generated from required
excavation and designated borrow-areas for construction of the saddle dams. Future
design investigations should include a thorough evaluation, as part of the
constructability review, to identify and quantify the type of random materials generated
from required excavation. The dam embankment section should be developed to
incorporate these random materials to the maximum extent possible to minimize
generation of waste material.

Further studies, including the preliminary design program, should include
additional testing and evaluation of the random materials. Specifically, these
investigations should include a comprehensive evaluation of the composition (percent
weathered sandstone, mudstone, etc.) and gradation of the random materials that are
likely to be generated from required excavation at each of the dam sites. This
evaluation should include construction of test fills to assist development of the
specification requirements. In addition, compaction, hydraulic conductivity (if
necessary), shrink/swell, and triaxial testing of the anticipated random materials should
be performed to further refine the engineering properties for use in design of the dam
embankments.

With specific regard to the Boxer Formation, excavated random material should
be explored and laboratory tested to determine engineering properties, especially for
the Sites Dam and saddle dams. In further studies, this material should be tested as a
soil type material.
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8.0 FILTER, DRAIN, AND TRANSITION MATERIAL
8.1 Introduction

The fresh Venado sandstone may be suitable for use as filter, drain, and
transition materials. Visual observation of crushed samples for concrete aggregate
testing and the aggregate quality test results indicate that the Venado sandstone may
have sufficient strength and durability for use as filter, drain, and transition materials.
Use of the Venado sandstone for these materials will require extensive evaluation of
particle breakage characteristics during quarry, transport, placement, and compaction
operations to ensure the materials meet design hydraulic conductivity and in-place
gradation requirements. This particle breakage evaluation will require test quarries and
fills and is considered beyond the scope of this feasibility level investigation.

Since the suitability of the sandstone for use as filter, drain, and transition
materials can not be confirmed at this level of investigation, the feasibility level cost
estimates should include the conservative assumption that these materials will be
imported from the closest sand and gravel source identified in the geologic exploration
program. This sand and gravel source was identified as an old abandoned channel on
Stony Creek located approximately 35 road miles away, between Orland and Willows
(Figure 38). An estimated 160 million cubic yards of material exist, which far exceed
the construction requirements for the proposed structures.

8.2 Shear Strength

Shear strength parameters for the filter, drain, and transition material were
estimated from published data. Specifically, the friction angle was derived from a plot of
relative density verses friction angle found in USBR’s Earth Manual. This plot is
included as Figure 39. In this figure, the trendline corresponding to the No. 3 material
(35% gravel, ¥%-inch maximum size) was selected as representative of the proposed
filter, drain, and transition materials. This material was selected because it is
considered to be representative of an average gradation for the filter, drain, and
transition materials. Assuming a relative density of 90% for compacted in-place filter,
drain, and transition materials, Figure 39 indicates a friction angle for the No. 3 material
of approximately 42°. Accordingly, the recommended shear strength for use in the
feasibility level stability analysis is: Friction Angle (@) = 42°.

8.3 Density
In-place compacted densities for the filter, drain, and transition materials were
estimated in much the same way as the rockfill material. Assuming a water content of

5%, a relative density of 90% for in-place materials, and using the data published by
Becker et al (1972), dry, moist, and saturated densities were estimated at 115 pcf, 121
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pcf, and 135 pcf, respectively. The aforementioned published data is included in
Appendix K as previously noted in the rockfill section.

8.4 Conclusions and Recommendations

Testing and evaluation of the fresh Venado sandstone presented in the rockfill
and concrete aggregate sections indicate that it may be of sufficient quality for filter,
drain, and transition materials. Since the quality of the sandstone for use as these
materials cannot be confirmed without an extensive testing and evaluation program,
feasibility level cost estimates should include the conservative assumption that material
will be imported from the closest sand and gravel source identified in the geologic
exploration program. This source was identified as an abandoned channel on Stony
Creek, approximately 35 road miles from the project site, with an estimated sand and
gravel quantity of roughly 160 million cubic yards. Additional testing and evaluation
performed as part of future design studies should also include an economic comparison
between importing and producing filter, drain, and transition materials to ensure
selection of the most economical material source. This comparison should include a
detailed examination of the costs required to produce clean filter, drain, and transition
materials from the Venado sandstone, particularly related to separating the interbedded
mudstone and weathered sandstone during excavation and processing operations.

Preliminary and final design programs should include placement and compaction
of test fills constructed of quarried and processed sandstone materials, with gradations
approximating anticipated ranges for filter, drain, and transition materials. This would
allow the evaluation of whether the sandstone has sufficient strength and durability
characteristics for use as filter, drain, and transition material. The evaluation should
focus on the propensity of particle breakdown, which would adversely affect the
hydraulic conductivity of the material.
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9.0 CONCRETE AGGREGATE
9.1 Introduction

Sufficient deposits of sands and gravels for construction of the proposed project
facilities are not available within the project area. Therefore, the emphasis of this
program was to evaluate the suitability of crushed Venado sandstone for use as
concrete aggregate.

Alternative sand and gravel sources were also identified as part of the geologic
exploration program. The closest imported source is located about 35 road miles from
the project site, between Orland and Willows, on an old abandoned channel of Stony
Creek (Figure 38). This borrow source contains an estimated 160 million cubic yards of
material, which is considerably greater than quantities required for construction of the
proposed project structures.

9.2 Sampling and Testing

Samples for concrete aggregate testing were prepared from 2.5-inch diameter
drill cores from geologic exploration and waste cobbles from Sites Quarry. Samples
from the latter were segregated into fresh and weathered sandstone lots and then
transported to a rock crushing facility. The sandstone was processed until all material
passed a 1-inch screen. As a result, two cubic yards each of crushed fresh and
weathered Venado sandstone were delivered to Bryte Lab for testing.

The following test procedures were used to evaluate the quality of the sandstone for use
as concrete aggregate:

» Specific Gravity and Absorption of Coarse and Fine Aggregates (ASTM C 127
& 128)

» Resistance to Degradation of Small-Size Coarse Aggregates by Abrasion and
Impact in the Los Angeles Machine (ASTM C 131).

» Clay Lumps and Friable Particles in Aggregate (ASTM C 142)

* Organic Impurities in Fine Aggregate (ASTM C 40)

* Bulk Density and Voids in Aggregate (ASTM C 29)

Figures 40 and 41 present gradation curves for the fresh and weathered crushed
sandstone samples, respectively. The figures include an average gradation curve for
each material along with the Caltrans concrete aggregate gradation envelope. As
shown, the average fresh and weathered material gradations deviate only slightly from
the Caltrans envelope.
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9.3 Quality

Tables 28 and 29 present concrete aggregate quality test results for crushed
Venado sandstone from the drill cores and Sites Quarry, respectively. Detailed test
results are included for reference in Appendix O.

As shown in Table 28, the specific gravity and absorption for the fresh sandstone
were 2.48 and 4.2%, respectively for the drill core sample. Additionally, Los Angeles
abrasion losses were 11.4% and 43.4% for 100 revolutions and 500 revolutions,
respectively.

Table 28 — Concrete Aggregate Quality Test Results for Crushed Venado Sandstone
from Drill Cores

o : Los Angeles Abrasion
Sample Type Degree of Specific Absorption (% loss)

: ; o
Weathering Gravity (%) 100 Rev. 500 Rev.

Crushed Sandstone from

Drill Cores (1%4"-Minus) Fresh 2.48 4.2 11.4 434

As shown in Table 29, the average specific gravity for the fine and coarse fresh
samples were 2.58 and 2.48, respectively, while corresponding weathered samples
were 2.57 and 2.46. Average absorption for the fine and coarse fresh samples were
2.4% and 5.7%, respectively, while corresponding weathered samples were 2.7% and
6.3%. Los Angeles Abrasion losses for the fresh samples were 10.1% and 45.7% for
100 revolutions and 500 revolutions, respectively, while corresponding losses for the
weathered samples were 11.8% and 51.3%.

Average percentage of clay lumps and friable particles for the fine and coarse
fresh samples were 3.2% and 0.6%, respectively, while corresponding averages for the
weathered samples were 5.1% and 1.2%. The average standard colors for the organic
impurities for the “as received” and “washed — fines removed” fresh samples were both
“clear.” Corresponding averages for the weathered samples were 3 and “clear.” The
average bulk densities for the fresh and weathered samples were 88.5 pcf and 86.7 pcf,
respectively.
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Table 29 — Concrete Aggregate Quality Test Results for Crushed Venado Sandstone

from Sites Quarry

Table 29A
sl W Vegg{ﬁ:ri?]; Specific Gravity Absorption (%) e An(gozltlaoss,:)b rasion
Fine Coarse Fine Coarse 100 Rev. | 500 Rev.
99C-113-A 2.57 2.48 2.4 5.6 11.4 50.8
99C-113-B Fresh 2.58 2.49 2.3 5.7 7.3 36.9
99C-113-C 2.58 2.48 2.5 5.8 11.5 49.5
99C-114-A 2.56 2.46 2.7 6.4 13.7 56.0
99C-114-B Weathered 2.57 2.47 2.7 6.3 9.2 43.5
99C-114-C 2.57 2.46 2.7 6.3 12.5 54.5
Average for Fresh Samples = 2.58 2.48 2.4 5.7 101 45.7
Average for Weathered Samples = 2.57 2.46 2.7 6.3 11.8 51.3
Table 29B
g el _Clay Lumps and Organic Impurities Bulk Der)sity
Sample No. Weathering Fnaple Particles (%) (standard color) and Voids
Fine Coarse | As Rec'd | Washed (pcf)
99C-113-A 6.5 1.55 clear clear 88.3
99C-113-B Fresh 1.7 0.15 clear clear 88.7
99C-113-C 1.3 0.15 clear clear 88.6
99C-114-A 8.6 2.50 2 clear 86.2
99C-114-B Weathered 3.0 0.30 3 clear 86.4
99C-114-C 3.7 0.65 3 clear 87.5
Average for Fresh Samples = 3.2 0.6 clear clear 88.5
Average for Weathered Samples = 5.1 1.2 3 clear 86.7

Table 30 presents the average results from the concrete aggregate quality

testing performed on the crushed Venado sandstone from the drill cores and Sites
Quarry. This table also includes acceptable limits criteria adopted from USBR’s
Concrete Manual and ASTM’s Test Designation C33, Standard Specification for
Concrete Aggregates, for comparison and discussion purposes. As shown, average
test results for both the fresh and moderately weathered samples of Venado sandstone
were slightly out of the acceptable limits criteria used by USBR and ASTM. However,
these test results also indicate that the crushed sandstone is generally within the range
of typical values presented in ACI's Manual of Concrete Practice.
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Table 30 - Average Concrete Aggregate Quality Test Results for the Venado Sandstone

ASTM Test Procedures
e . Los Angeles Abrasion Clay Lgmps Orga_n_lc
Specific Absorption C 131 and Friable | Impurities |g |k Density
Sample Type Degree of | Numberof | Gravity C 127 Particles C 40 and Voids
Weathering |~ Tests C 127 (%) C 142 (standard C 29
100 Rev. 500 Rev. (%) color) (pch)
_ _ (% loss) (% loss) _
Fine Coarse Fine Coarse Fine Coarse | As Rec.| Wash
Crushed Sandstone from Drrill
Cores (1%-Inch Minus) Fresh 1 - 2.5 - 4.2 114 43.4 - - - - -
Crushed Sandstone from Fresh 3 2.6 2.5 2.4 5.7 10.1 457 3.2 0.6 | Clear| Clear 89
Sites Quarry Moderatel
(1%-Inch Minus) oderately 3 26 | 25 | 27 | 6.3 11.8 51.3 51| 12 | 3 |Clear 87
Weathered
Acceptable Limits* Should be Not Should be | Should be | Should be Not Not
P >2.6 Specified <10% <40 to 50% <5% Specified | Specified
. Not Color3or | 75to 110
*% o, 0, o,
ACI Range of Typical Values for Aggregates 16t03.2 | 0.2t0 4.0% Specified 15t0 50% | 0.5 to 2% less pcf

* Acceptable limits criteria adopted from USBR, Concrete Manual, Eighth Edition, 1988; ASTM, Designation C 33, Standard Specification for Concrete
Aggregates, 2001; and Waddle, Concrete Construction Handbook, Third Edition, 1993.

** From Guide for Use of Normal Weight Aggregates in Concrete, American Concrete Institute.
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9.4 Conclusions and Recommendations

Based upon the test results, the crushed sandstone is considered to marginally
meet the criteria for concrete aggregate. However, since the current testing program
indicates the sandstone quality is marginal, its suitability for concrete aggregate will
require additional testing and evaluation (such as test batches), which is considered
beyond the scope of this feasibility investigation.

Since the suitability of the sandstone for use as concrete aggregate can not be
confirmed at this level of investigation, the feasibility level cost estimates should include
the conservative assumption that aggregates will be imported from the closest sand and
gravel source identified in the geologic exploration program. This source was identified
as an abandoned channel on Stony Creek, approximately 35 road miles from the project
site, with an estimated sand and gravel quantity of roughly 160 million cubic yards.
Additional testing and evaluation performed as part of future design studies should also
include an economic comparison between importing and producing on-site aggregates
to ensure selection of the most economical material source. This comparison should
include a detailed examination of the costs required to produce clean concrete
aggregate from the Venado sandstone, particularly related to separating the
interbedded mudstone and weathered sandstone during excavation and processing
operations.
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10.0 FINAL CONCLUSIONS AND RECOMMENDATIONS

10.1 Conclusions

The construction materials investigation program identified the types of available
on-site materials, examined their potential uses, and performed limited testing and
evaluation of those materials to determine their suitability for use in the dams and
appurtenant structures for the proposed Sites Reservoir project. This investigation was
guided by the design principle that available on-site materials should dictate the design
and selection of the dam sections.

The construction materials investigation program identified the following material
types within or near the proposed Sites Reservoir project area:

* Impervious Materials (terrace deposits and recent alluvium)
* Venado Sandstone (fresh and weathered from the Cortina Formation)
* Mudstone (Boxer Formation)

These material types were further investigated, tested, and evaluated to explore their
suitability for use as the following types of construction materials:

* Impervious Materials

* Rockfill and Riprap Materials

* Random Materials

* Filter, Drain, and Transition Materials
» Concrete Aggregate

Materials testing and evaluation indicate the impervious materials available within
the project area are suitable as core material for use in embankment dams. Sufficient
quantities of impervious material exist upstream of the dam sites. Approximately 36
million cubic yards of material are available from the deposits within the reservoir area.
This is roughly four times the volume required for construction of Golden Gate Dam,
Sites Dam, and the nine saddle dams. Additional impervious materials are also
available within the required excavation areas for the appurtenant structures and Funks
Reservoir enlargement.

Material testing and evaluation indicate the fresh sandstone is of sufficient quality
for use as clean rockfill and riprap materials. Sufficient quantities of Venado sandstone
can be obtained from quarries developed near the dam sites.

Although use of the highest quality rock meeting laboratory test requirements for
concrete aggregates is desirable, use of “softer” rock types (such as the Venado
sandstone) is an acceptable practice if the rock is the best quality available within the
project area. “Softer” or “weaker” rock types have been used successfully in many
existing dams provided that conservative estimates of engineering properties are
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selected for design. It should be noted that the available types of material should
dictate the selected dam section. Design requirements should not dictate material
criteria for major embankment zones, only for zones with specific design requirements
(such as filters and drains).

Physical properties, strength, and durability testing confirm the observation that
the moderately weathered sandstone is a lower quality rock than the fresh sandstone.
Dam design criteria generally dictate use of the best quality rock available on site for
rockfill and riprap materials. To meet this requirement, it is assumed that only fresh
sandstone will be used for riprap and clean rockfill materials, and weathered sandstone
will be used for random rockfill material in preparing the feasibility level embankment
design and cost estimates. Moderately weathered sandstone may, in fact, be suitable
for clean rockfill materials.

Random embankment materials will be comprised of materials that are
essentially unsuitable for use as rockfill. The random materials will, therefore, include
weathered sandstone, mudstone, slopewash, colluvium, and the like. Unlike rockfill,
random materials do not require a strict engineering evaluation of properties. As such,
only shear strength and density were investigated as part of this feasibility level
investigation. A surplus of random material exists within or near the proposed Sites
Reservoir project area. Random material will be generated from required excavation
and designated borrow areas for construction of the saddle dams.

Fresh Venado sandstone may be suitable for filter, drain, and transition material
as well as concrete aggregate, but feasibility level cost estimates should include the
conservative assumption that material will be imported from the closest sand and gravel
source identified in the geologic exploration program. This source was identified as an
abandoned channel on Stony Creek, approximately 35 road miles from the project site,
with an estimated sand and gravel quantity of roughly 160 million cubic yards.

10.2 Recommendations

Impervious Materials

Preliminary and final design programs should include further exploration, testing,
and evaluation of the impervious materials. Additional testing should include an
expanded evaluation of the in-place density, moisture-density relationship, permeability,
and shear strength properties due to the limited testing performed as part of this
feasibility level investigation. Impervious borrow areas should be selected to minimize
the amount of high plasticity lean clays and fat clays. Also, specific borrow areas
should be identified and quantified within near vicinity of the dams in conjunction with a
constructability review of the project.

Rockfill and Riprap Materials
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Future design investigations for the Venado sandstone should include test
quarries and fills to develop specification requirements. This will ensure that the
Venado sandstone will meet design requirements for clean rockfill material, particularly
related to limiting the fines content of in-place material. Future design investigations
should also include additional testing and evaluation of the Venado sandstone to further
define the engineering properties of the clean rockfill material such as: shear strength,
hydraulic conductivity, density, etc.. The suitability of weathered sandstone for use as
clean rockfill material should also be investigated in future design studies.

Although not discussed in the report, drill cores from the geologic exploration
program found a north trending unit of conglomerate within the proposed Sites
Reservoir area near the proposed saddle dam sites. Preliminary review of the drill
cores indicates the conglomerate may be suitable as rockfill for the saddle dams.
Future design investigations should include a comprehensive study of the conglomerate
to determine its suitability as a rockfill source.

Random Materials

Future design investigations should include a thorough evaluation, as part of the
constructability review, to identify and quantify the type of random materials generated
from required excavation. The dam embankment section should be developed to
incorporate these random materials to the maximum extent possible to minimize
generation of waste material.

Further studies, including the preliminary design program, should include
additional testing and evaluation of the random materials. Specifically, these
investigations should include a comprehensive evaluation of the composition (percent
weathered sandstone, mudstone, etc.) and gradation of the random materials that are
likely to be generated from required excavation at each of the dam sites. This
evaluation should include construction of test fills to assist development of the
specification requirements. In addition, compaction, hydraulic conductivity (if
necessary), shrink/swell, and triaxial testing of the anticipated random materials should
be performed to further refine the engineering properties for use in design of the dam
embankments.

With specific regard to the Boxer Formation, excavated random material should
be explored and laboratory tested to determine engineering properties, especially for
the Sites Dam and saddle dams. In further studies, this material should be tested as a
soil type material.

Filter, Drain, and Transition Materials
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Additional testing and evaluation performed as part of future design studies
should also include an economic comparison between importing and producing filter,
drain, and transition materials to ensure selection of the most economical material
source. This comparison should include a detailed examination of the costs required to
produce clean filter, drain, and transition materials from the Venado sandstone,
particularly related to separating the interbedded mudstone and weathered sandstone
during excavation and processing operations.

Preliminary and final design programs should include placement and compaction
of test fills constructed of quarried and processed sandstone materials, with gradations
approximating anticipated ranges for filter, drain, and transition materials. This would
allow the evaluation of whether the sandstone has sufficient strength and durability
characteristics for use as filter, drain, and transition material. The evaluation should
focus on the propensity of particle breakdown, which would adversely affect the
hydraulic conductivity of the material.

Concrete Aggreqgate

Since the current testing program indicates the sandstone quality is marginal, its
suitability for concrete aggregate will require additional testing and evaluation (such as
test batches). Additional testing and evaluation performed as part of future design
studies should also include an economic comparison between importing and producing
on-site aggregates to ensure selection of the most economical material source. This
comparison should include a detailed examination of the costs required to produce
clean concrete aggregate from the Venado sandstone, particularly related to separating
the interbedded mudstone and weathered sandstone during excavation and processing
operations.
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Location and Geologic Map of the Sites Reservoir Project

% Ty E’ & .

o = 1 A -

5 ‘ -. =

- T ‘T 1

= £ 'Ii i

g I_E 5 v ol I %

o i :

@ E v W,

=3 A %

& = |I E anl

= '; - r_'l_un.n. mﬁ

E e

= O K &

€3 v . COLDEN GATE
/( & DeM SITE

GOLDEMN GATE IMLET/

/ OUTLET WORKS

LSITES DAM SITE

Gal

LEGEND

OUATERNARY UNITS

Qlz — Recent Londs=lide
~ Qol — Racent Alluvium
[ Qtu — Terroce Deposits

CRETACECUS UNITS
T Ke — Certlna Fm—Yala Mermber
[ ke — Corting Fm—%enade Membe

Kb — Baoxer Fm
B K — Pre—Bouer

_—— Faoult Troca

&4 Antlcline
4 Synellne
™~ Formatign Baundary

STHTE O CALIFDETER
THE RESOLRECES ARENCY
OEFARTMENT OF WATER RESOURCEDZ
HORTHERM DSTRICT

NOTER  Scurcem of poelogkml dete Indude geelogk
magp nkerpreteilion, Bresn ond Rish [10813 U5
Geoogloal Burmey (1872] ond USER {18035

Figure 2



o \ AT et T
 DWR, USBR, and USACE Material Investigation Areas

{=) DWR

i :1:3:4':' Sandstone
& Quarry Area

GLEHM CIRINTT

FILNEA SOUMTY

Alternative DWR

Sandstone
Quarry Areas

Golden Gate
Impervious Dam Site

== Material

USBR Sandstone
Quarry Area

Funks
Reservoir

DWR, USBR, and
USACE Sandstone

Quarry Area
Sttes Jam USBR and
USACE
Sandstone
Quarry Area

L\ j/\ Figure 1




_ 1 P s )
DWR and USBR Borrow Areas and Sample
Locations for Golden Gate Dam Site

A

£
Q.
= |
il
|
J |
GLEF !
COLLEA 00 I 3 e sopeet ol St v ot il (e K ol i -":; _i il ol T
T IBLE ™ :f"i R
il
m
13
gl
. by
b
i o
S O O :
o X Proposed DWR ;
S + - Sandstone Quar ;
L bond 4
ana Qcca i c

B 2 s Area

m .I k
- Ly = i . [} - , . ! 48 §
2 i o it
e e A - )
=FE | e y ¥ o ;] I gn v i ey |

1
|
——
¥
ufl'.,l'!

= I 1677~ < e Loy
v o : L — ¢ BT 1
L = L | % - M
Al i, =4

Legend Legend
Qlﬁ Quaternory Low Flat

Terrace

QiSS Quaternary Intermediate DWRsample
Sloped Surface Locations

QUSS Quaternary Upper Sloped
Surface

KB Cretacecus  Boxer
Station Nurmber Keved To Alr i
+ Phaote X
e o Somple Lecations (Test n USBR Sample - I
+ Pit) Locations

LN Terrace Boundary

Potential Quarry Areas

Q 2000 4000
e —

— TR Al N .-~ Figure 3

" Golden Gate
Y AD 2
o El‘@ GG -\ - Dam Site




DWR and USBR Borrow Areas and Sample Locations for Sites Dam Site

Exmls Location 303

BSC 3

Proposed DWR
Sandstone Quarry

Quaternary Low Flat
Terrace

Guaternary Intermediate
Sloped Surfaca

Cuaternary Upper Sloped
Surface

Cretacenus Hoxer

Station Mumber Keyed To

&y T— Air Photo
|

O DWR sample locations f\

Sample Locations (Test

b B- i Pit)
"I L--L..‘ E;I ., A § o Terrace Boundary
-__—yL:t e 1 i Potentiol Quarry Areos
. - e g - = 2000 4000
n USBR sample locations £ :-) k@ y
i By —— i Feet
— e o1 CJAP

Figure 4



Percent Finer By Weight

SITES RESERVOIR

Proposed Impervious Material (Golden Gate Samples)

HYDROMETER ANALYSIS

SIEVE ANALYSIS

Time Readings U.S. Standard Series Clear Square Openings
10024 HR. 1 HR. 5 MIN. 1 MIN. #200 #50 3 3/8" 34" 112" 3" 6" 12"
£ s
| 7 | | | |
\ | \ \ \
80 | ‘/\ Z'!{/ | | |
| ¥ / | | |
. x Y7 x x x
0 /
| 14 | | |
| | | | |
| | | | |
. | | | | |
* | | | ‘ ‘
| | ‘ —0—GG-11 —mW—GG-1.2 —4A—GG-1.3
‘ ‘ ‘ GG-2.1 GG-2.2 GG-2.3
30 | | | —e—GG-31 —M—GG-32 —A—GG-3.3
‘ ‘ ‘ —>%—GG-4.1 —H¥—GG-4.2 ——GG-5.1
20 ‘ ‘ ‘ ——GG-52 —>%—GG-6.1 —4A—GG-7.1
‘ ‘ ‘ ——GG-7.2 —MmW-GG-73 GG-8.1
\ \ \ GG-8.2
| | | | |
10
| | | | |
. | 1 1 | |
0.001 0.01 0.1 1 10 100
Grain Size in Millimeters UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY OR SILT FINES Fine Medium Coarse Fine Coarse COBBLES

1000

Figure 5



Percent Finer By Weight

SITES RESERVOIR

Proposed Impervious Material (Sites Samples)

| HYDROMETER ANALYSIS SIEVE ANALYSIS |
Time Readings U.S. Standard Series | Clear Square Openings
10024 HR. 1 HR. 5 MIN. 1 MIN. #200 #100 #ﬁO #30 #16 #§ 3/8" 13/2" 3" 6" 12"
| - ' |
90 1 ‘ ‘
*‘° | | |
0 | \ | |
| | | |
| | | |
| | | |
| | | |
40 | ] ‘ ‘
‘ ‘ ‘ —»—SC-1.1 —*—SC-1.2 —e—SC-2.1
‘ ‘ ‘ —A—SC-2.2 SC-3.1 SC-3.2
30 \ \ \ ~—-SC-41 —M-SC42 —4—SC-4.3
| \ \ SC-5.1 SC-52 —A—SC-6.1
| | | ——SC-6.2 —m—SC-6.3 SC-7.1
\ \ \ SC-7.2 ——SC-8.1 —%—SC-8.2
20 —%—8C-8.3 —B—SC-91 —A—SC-9.2
‘ ‘ ‘ SC-10.1 SC-10.2 SC-10.3
T T
| | | | |
. | N | | |
0.001 0.01 0.1 1 10 100 1000
Grain Size in Millimeters UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY OR SILTFINES Fine Medium Coarse Fine Coarse COBBLES

Figure 6



Percent Finer By Weight
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SITES RESERVOIR PROJECT

PLASTICITY CHART
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COMPACTION TEST

ASTM D 1557-91 : Laboratory Compaction Characteristics of Soil Modified to DWR Standard

118.0 ¢

117.0
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g Zero Air Void Curve
115.0 ¢ for G4 = 2.80
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112.0 +maximum dry density
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WATER CONTENT % (w)

PROJECT: Sites Reservoir - Golden Gate Dam MAXIMUM DRY DENSITY 111.8 pcf
FEATURE: Composite Sample, Hole GG OPTIMUM WATER CONTEI 17.4 %
HOLE NO. N/A PENETRATION RESISTANCE psi
DEPTH N/A
FIELD SAMPLE NO. N/A COMPACTIVE EFFORT 20,250 ft.Ib./ft>
MOLD SIZE 0.0333 cu. ft.
LAB NO. 99-1419 SPECIFIC GRAVITY N/A
REQUEST NO. 99-51 MAX. SIZE minus No. 4
DATE Sept. 9, 1999 TESTED BY Dave Tully
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COMPACTION TEST

ASTM D 1557-91 : Laboratory Compaction Characteristics of Soil Modified to DWR Standard
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FEATURE: Composite Sample, Hole SC

HOLE NO. N/A
DEPTH N/A

FIELD SAMPLE NO. N/A

MAXIMUM DRY DENSITY 110.0 pcf
OPTIMUM WATER CONTI 17.0 %
PENETRATION RESISTANCE psi
COMPACTIVE EFFORT 20,250

Figure 12




Deviator Stress (tsf)

10

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample GG - Deviator Stress vs. Strain
83% Passing No. 200, Pl = 22, 98% Compaction @ Optimum Water Content
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Figure 13



Effective Stress Ratio (0"1/0";)

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample GG - Effective Stress Ratio vs. Strain

83% Passing No. 200, Pl = 22, 98% Compaction @ Optimum Water Content
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Pore Pressure (tsf)

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample GG - Pore Pressure vs. Strain
83% Passing No. 200, Pl = 22, 98% Compaction @ Optimum Water Content
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jNote: Test No. 99-1419A excluded. Problems with test set-up probably due to low confining pressure and low permeability materials.
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Figure 15



Deviator Stress (tsf)

10

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample SC - Deviator Stress vs. Strain
81% Passing No. 200, Pl = 30, 98% Compaction @ Optimum Water Content
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Note: Test No.|99-1420D excluded. Problems with test set-up; had difficulty seating piston.
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Figure 16



Effective Stress Ratio (0"1/0";)

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample SC - Effective Stress Ratio vs. Strain
81% Passing No. 200, Pl = 30, 98% Compaction @ Optimum Water Content
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Note: Test No. 99-1420D excluded. Problems with test set-up; had difficulty seating piston.
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Figure 17



Pore Pressure (tsf)

0

SITES RESERVOIR - MATERIALS INVESTIGATION

Composite Sample SC - Pore Pressure vs. Strain
81% Passing No. 200, Pl = 30, 98% Compaction @ Optimum Water Content
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Shear Stress (tsf)

Shear Stress (tsf)
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SITES RESERVOIR - MATERIALS INVESTIGATION
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SITES RESERVOIR - MATERIALS INVESTIGATION
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Venado Sandstone at Sites Quarry

Figure 21
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Rock Strength and Classification
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Figure 25

UC Berkeley Large-Scale Triaxial Testing Apparatus



Figure 26

UC Berkeley Large-Scale Plane Strain Testing Apparatus



Friction Angle, ¢ (degrees)

Comparison of Confining Stress and Friction Angle for Rockfill Materials
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Friction Angle, @ (degrees)

Comparison of Compressive Strength and Friction Angle of Rockfill Materials
Confining Stress = 40 psi
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¢ = 44.5 degrees for Venado Sandstone at
average compressive strength of 9568 psi
under plane strain conditions.
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under triaxial conditions.
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Friction Angle, @ (degrees)

Comparison of Compressive Strength and Friction Angle of Rockfill Materials
Confining Stress = 100 psi
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Friction Angle (degrees)

Comparison of Compressive Strength and Friction Angle for Rockfill Materials
Rockfill Dam Data - From ICOLD Bulletin 92
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Particle Breokage Factor, B~ %
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PARTICLE CRUSHING-CONFINING PRESSURE RELATIONSHIP FOR MODELED
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Figure copied from UC Berkeley report by Becker et. al., 1972. Figure 31



PARTICLE BREAKAGE FACTOR, B, %

Figure copied from UC Berkeley report by Marachi et. al., 1969.
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U.S. Standard Sieve Sizes
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. Figure 34
Figure copied from UC Berkeley report by Becker et. al., 1972



Venado Sandstone Used as Upstream Slope Protection at Funks Reservoir Dam

Figure 35



Friction Angle, @ (degrees)

Comparison of Compressive Strength and Friction Angle of Rockfill Materials
Confining Stress = 40 psi
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under plane strain conditions. \ R
_________——-"'
I
° \

Trendline for Triaxial Data

2,000 6,000 10,000 14,000 18,000 22,000

26,000 30,000 34,000 38,000 42,000 46,000 50,000

Dry Unconfined Compressive Strength (psi)

Figure 36



Friction Angle (degrees)

Comparison of Compressive Strength and Friction Angle for Rockfill Materials

Rockfill Dam Data - From ICOLD Bulletin 92

60
55
50
¢ = 38.5 degrees for weathered sandstone at
average compressive strength of 4,998 psi.
45 °
A * ) * A
B B
40 A
*
[ |
i a [ |
| )
1
35 N | ’
1
| Lo
1
I
30 - !
1
1
[
1
1
25 1
I
1
1
1
20 — ‘ ‘ ‘ ‘ ‘
2,000 6,000 10,000 14,000 18,000 22,000 26,000 30,000

Compressive Strength (psi)

Dartmouth, h=591 feet, Granite Gneiss
Copeton, h=371 feet, Granite (blasted)
Ord, h=325 feet, Quartzite

Corin, h=249 feet, Quartzite (quarried)
Chaffey, h=177 feet, Jasper (blasted)
Googong, h=85 feet, Granite, Dacite

Foz do Areia, h=525 feet, Basalt, Basaltic Breccia

® > ¢ H o » o 1

La Grande 2, h=551 feet, Granite Gneiss
Cat Arm, h=171 feet, Granite, Granite Gneiss
Mont-Cenis, h=394 feet, Caleschist
Wehebachtalspeere, h=162 feet, Sandstone
Brianne, h=295 feet, Aleurolites

Tedorigawa, h=502 feet, Gneiss
Tedorigawa, h=502 feet, Conglomerate

Seto, h=364 feet, Sandstone, Shale

e > o 1

Inamura, h=289 feet, Shale

Futai, h=285 feet, Grandodiorite
Trauchi, h=272 feet, Shale

Chicoasen, h=856 feet, Limestone
Pukaku, h=200 feet, Greywacke (gravel)
Fintinele, h=302 feet, Granite

Fintinele, h=302 feet, Andesite

Charvak, h=551 feet, Limestone
Kolyma, h=427 feet, Biotite, Granite
Serebrjanskaya, h=256 feet, Granite
Vilyuiskaya, h=244 feet, Diabase
Khao-Laem, h=427 feet, Limestone
Upper Summersville, h=390 feet, Sandstone

Lower Summersville, h=390 feet, Sandstone

¢ O © » ¢ m o » o n

R.D. Bailey, h=308 feet, Sandstone

e Trendline for Rockfill Materials

Figure 37



Sites Reservoir Proposed Location on Regional Map

S
Ladw

Proposed DWR Borrow Location for
Filter, Drain, & Transition Material and
Concrete Aggregate

Figure 38



CHAPTER 1-—PROPERTIES OF SOILS
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= @ / —C— Coorse uniform sand
et = & —%— Gravelly sand '
20 (D 20% Gravel, Mox. size 3/4¢
@ 20% Gravel, Mox. size | 72"
(D 35% Gravel, Max. size 3444
ok 4) 50% Gravel, Max. size 3/4¢
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~—Effect of relative densiiy on the coefficient of friction, tan &,
+ for coarse-grained soils [24, 28], :

Figure 39

Figure copied from USBR's Earth Manual, 1998



Percent Finer By Weight

SITES RESERVOIR

Sites Quarry Aggregates - Fresh

HYDROMETER ANALYSIS

Time Readings

U.S. Standard Series

SIEVE ANALYSIS
I

Clear Square Openings

1 6HR. 1 HR. 5 MIN. 1 MIN. #200 #100 #50 #30 #16 #8 #4 3/8" 3/4" 11/2" 3" 6" 12"
| | | | ) |
. x x x = e
| x | . |
50 — — — 99C-113-A ‘ ‘ ,/,‘,.' / / ‘
— - — 99C-113-B | n/ | |
— - —-99C-113-C | | I,I / |
70 117
CALTRANS Spec #90-3.04 | S / ;
‘ .
= = Average
o | 7 ,A’ / |
\ \ \ 7RI
. 4 I
. w w w 7 w
| | | S H |
7 |
40 v v I
x x Iz x
| | Ve id Al |
30 o
| | _/ 1 2 |
- 4 /
20 ‘ ‘ - ‘ g _ /. - _+ C ~ / ‘ ‘
| Dy AN !l |
[ \(, P —’ [ [ [
\ . \ - \ \
h | s LT | |
J L
0 4::—/ ‘
0.00_1 . . . 0.01 0.1 1 10 100
Grain Size in Millimeters UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY OR SILT FINES Fine Medium Coarse Fine Coarse COBBLES

1000

Figure 40



Percent Finer By Weight

SITES RESERVOIR

Sites Quarry Aggregates - Weathered

| HYDROMETER ANALYSIS SIEVE ANALYSIS |
Time Readings U.S. Standard Series | Clear Square Openings
R4 HR. 1 HR. 5 MIN. 1MIN. #200 #100 #50  #30 #16  #8 #4 3/8"  3/4" 112" 3" 6" 12"
| | | s |
o | | | 4/ |
l l ; e .
80 — — — 99C-114-A ‘ ‘ ! / / ‘
— - — 99C-114-B | o / |
— - —-99C-114-C | | i / |
70 CALTRANS Spec #90-3.04 ! e !
- = | | W/ / |
Average ‘ ‘/,V / ‘
N | | | / |
. w w w - w
| | | '/, | |
. | | | * |
x x =AY 76 x
30 \ \ V/ | \
\ \ / \ ] 7 \ \
‘ ‘ ‘ - ‘
2 | | yEIOs B |
| | AR |
10 | | /‘/;’zi . T | |
. ==
T
O L g L L L L TR
0001 0.01 0.1 1 10 100 1000
Grain Size in Millimeters UNIFIED SOIL CLASSIFICATION SYSTEM
SAND GRAVEL
CLAY OR SILT FINES Fine Medium Coarse Fine Coarse COBBLES

Figure 41



APPENDIX A

IMPERVIOUS MATERIAL
COMPOSITION OF DWR COMPOSITE SAMPLES
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APPENDIX B

IMPERVIOUS MATERIAL
CLASSIFICATION, GRADATION, ATTERBERG LIMITS, SPECIFIC GRAVITY,
AND ORGANIC CONTENT TEST RESULTS FOR DWR SAMPLES
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State of California
THE RESQURCES AGENCY
DEPARTMENT QOF WATER RESCURCES

Technical Services Ofice
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS
77-25

Project

Request Ne.

Classification

Lab Ne.

Remarks

77-737

F1 Air Dried

Date 7//7/?7

DWR 714 (Rev, 12/66)

71 inSisu [} Oven Dried Tested By WT
PLASTIC LIMIT LIQUID LIMIT
Determination Nao. 1 2 1 2 3 4
No. of Blows 20 2z /5
Container No. /M‘ l/ F/g X E/
Wt. Container + Wet Soii, gm W | 27./7 2‘?*?? e L7 Zérg‘§ 2o 2o
Wt. Container + Dry Soil, gm 2) | 726,67 Zﬁﬁ%‘ ‘ 2—4*52-— 24, 7! 2‘4" a7
Wi. Water, Ww, gm (1-2) @ | (.50 e | ZoZ 1 272 | 2.3
Wr. Container, gm @ | /5,85 /757 | B4 | Bl | 828
Wt. Dry Soil, Ws, gm {2-4) s | g8t | 077 <. 84 595 | 577
Water Content W, % (3:5)x100 (&) | /4.2 | /53 249 | 356 | 265
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination Ne. ] 2
Container No, 27 \“
Consistency, No. of Blows I
Wt. Container + Wet Soil, gm M \
Wt. Container + Dry Scil, gm 2) =
. s 3
Wi, Con‘rgmer, gm {3) = \
Wi, Wet Soil, Wi gm (1-3) (4) L: )\‘
Wi, Dry Soil, Ws, gm (2-3) (5) »g \
Vol. Wet Soil, Vs, cc (6) = 38 %
Yol, Dry Soil, V2* cc {7) \
Wy = Ws  (4:5) (8) ‘
Vi -Vz  (67) (9 24
W% at Shrinkage Limit
(8) = Oxsw) 140 5 10 20 2530 40 50
(5)
Shrinkage Ratio — (5+7) No. of Blows
*Determination Yy by Weighing
Wt. of Container + Displaced, Hg, gm {A) Mercury, Hg gm/cc =
Wt. of Container, om (B) 62° F-68° F = 13.55 gm/cc
Wi, of Mercury, Hg, gm (A-B) c) 69° F-72° F = 13.54 gm/c
Vo* = C = Hg gm/ec {D) 73° F-82° F = 13.53 gm/cc
zu)
Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratic [ndex Limit Limit index
g | 35 | 2o
Request No. G735 Las No 77 —~737




State of California
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES

4 r’—,[(’ S pﬁ/m

Classification

Technical Services Ofice
LABORATORIES BRANCH
SOILS LABORATCRY

ATTERBERG LIMITS
Request Ne. ?f?" 35
Leb No._ @D = /38

Date Z/I?‘/?‘f

Project

Remarks
’ . —
[7] Air Dried (] InSit L] Gven Dried Tested By { f[
PLASTIC LIMIT LIQUID LIMIT
Determination Ne. 1 2 ] 2 3
No. of Blows ?; Zle 20
Container No. Flz /’7/; L /%{a //7
W+, Container + Wet Soil, gm (1) }J?: 68 29, 28 ZAEI 7? 2%, 9% Z—;a 0%
Wt. Container + Dry Soil, gm (2) :’3{3 Z/ Z8.07 22 T4 2 T8 2%,07
Wr. Water, Ww, gm (1-2) @ | £27 | 23l | 205 | 195 | 2.80
Wt, Container, gm (4) /& é’;’ /3 ‘74 /7’3/ /é r?4 /5): Olo
Wt. Dry Soil, Ws, gm (2-4) 5 | 98 .33 | 543 504 497
Water Content, W, % (3+5) x 100 {8) /4; A /‘?zf 0 57:5 BQJ 4&?-2- )
SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination Ne. ] 2
Container No.
Consistency, No. of Blows
Wi, Container + Wet Soil, gm {1
Wi, Container + Dry Soil, gm {2) 'E 41
Wt. Container, gm {3) ‘é \‘
Wi, Wet Soil, Wy, gm (1-3) (4) O 40 P\
Wi, Dry Soil, Ws, gm (2-3) (5) ‘:',‘J
Vol, Wet Soil, Vi, cc (6) = 29 N
Yol. Bry Soil, Va* cc 7)
Wi We (45) © 38 %
Vi-Va  (67) 9) 27 A
W% at Shrinkage Limit .
(8) ~’(9xb‘w) 100 = 5 10 20 2530 4C 50

2) N f Bl

Shrinkoge Ratio — (5+7) °e-° ows
*Determination V3 by Weighing
Wt. of Container + Displaced, Hg, gm (A) |- Mercury, Hg gm/cc =
Wt. of Container, gm (B) 62° F-68° F = 13.55 gm/cc
Wi, of Mercury, Hg, gm {A-B) ‘ (C) 69° F-72° F = 13.54 gm/cc
Vo* = C + Hg gm/cc (D) 73°F-82° F = 13.53 gm/cc
(0
Shrinkage Shrinkage Shrinkage Plastic Liquid Flasficity
L imit Ratio Index Limit Limit Index
Ls 24 | 25
Reguest No. 7¢f55 Lab Ne. 79’” 733

DWR 714 (Rev. 12/66)



State of California Technical Services Qffice
THE RESOURCES AGENCY ' ’ LABORATORIES BRANCH
DEPARTMENT OF WATER RESOURCES SOILS LABORATORY

ATTERBERG LIMITS

Project é{./l(é DW Request Ne. ??/2}?

Classification Lab No. q(?’ 75?
Remarks .. : Date 7/4 /q
o
[?J/Air Dried 1 InSitu 7] Oven Dried Tested By ?%{ff
{ PLASTIC LIMIT L1QUID LIMIT
Determination No. 1 2 1 2 3 4
No. of Blows %‘ 27 2%
Container No. /gg /45 5' Y ?;—/
W, Container + Wet Soil, gm {1} 27:5/@ . G/ Z5,02 %ﬁ@ 24'37
Wt. Container + Dry Soil, gm (2 2L 07 | 29.20 225, | 23.,/8 2{F!
Wi, cher, Ww, gm (1-2) (3) /;4’3 /; 3 / 2,4@ Z'¢z Z,4IA
W+, Container, gm (4) /&r;’} Zﬁ:&’/ /7Ié2* /,620{ /z iy
¥Wt, Dry Soil, Ws, gm (2-4) | 754 | 877 | 494 | (3 | 4.67
Water Contont, W, % (3:5) 100 (61 | /570 4.9 490 |5/ /[ | £2.5
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. ] 2
Container No.
Consistency, No. of Blows
Wt, Container + Wet Soil, gm (1) 2
Wt. Container + Dry Soil, gm {2) E g A\
W+, Container, gm (3) "g" 7} )
Wi, Wet Soil, Wy gm (1-3) (4) Qo
Wt. Dry Soil, Ws, am (2-3) (5) g gl s
Vol. Wet Soil, Vi, ec (6) o
Yol. Dry Seil, Va* cc 7 w0 ®
Wy - We (4-5) (8 44 A
Vi-Va (67} {9
W% at ShrigkagegLimif . ~ PraTTv—
B = 2x5w) 10 -

Shrinkage Ratio — (5+7) No. of Blows

*Determination V2 by Weighing
W+, of Container + Displaced, Hg, gm (A} ' Mercury, Hg gm/cc =
Wt. of Container, gm (B) 82° F~68° F = 13.55 gm/cc
Wi. of Mercury, Ha, am (A-B) () ' 69° F_72° F = 13.54 gm/cc
Vo* = C + Mg gm/cc (D) 73° F~82° F = 13.53 gm/cc _

' e
| CCH D
Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
l Limit Eatio Index Limit Limit Index

| 5 | g2 | 37
Reguest No, €€’5§  Lab No 4?" 7%

DWR 714 (Rev. 12/65)



~ Stote of Califarnia Technical Services Office
THE RESOURCES AGENCY LABORATORIES BRANCH
DEPARTMENT OF WATER RESCURCES SOILS LABORATORY

ATTERBERG LIMITS

Prciec'r 4/ 7‘!-66 D{ﬂ‘ ﬁ4 Regquest Ne, ?t?/'z;
Classification Lab Ne. ??d7§£0
Remarks Date 7/ Z/?f

{
79 Air Driod =7 In Sitw T Oven Dried Tested By M{'?/f”
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 1 2 3 4
No. of Blows Z8 20 /5
Container Ne. P/S/ Z/ //? /28 //7
W+, Container + Wet Soil, gm 1 27. 5; Z8, Zq e, 26 22'?7 Z5. 63
Wt. Container + Dry Soil, am 2 24 4 27’05 Z"Kf- 38 219*?3 Z3:08

)
)
A 24 248 | 204 | 245
) | /8. /B bl || /889 | /6.5 | /B ol
V17
)

537 | 549 | 439 | c.(2

{
(
Wt. Water, Ww, gm (1-2) {3
W, Container, gm (4
(
(

i~
SN

,‘?

Wt Cry Soil, Ws, gm (2-4) 5

ﬁ\ V1

Water Content, W, % (3+5) x 100 6 74‘; /4"8 ‘45 A %:; 47a ?
SHRINKAGE LIMIT ' Flow Curve for Liquid Limit
Determination No. ] 2
Contginer No.
Censistency, No. of Blows
Wi, Container + Wet Soll, gm {1
Wi, Cortainer + Dry Soil, gm- - (2) ‘5
Wt. Container, gm (3) ‘é 4_5 \‘\
Wt. Wet Soil, Wy gm {1-3) (4) Y X
Wt. Dry Soil, Ws, am (2:3) (5) £ 47
Vol. Wet Soil, Vi, cc {6) = \
VYol, Dry Seil, Va2* cc {73 ‘H’
Wy - Ws  (4-5) (8) e Y
- Yz {67} (%)
W% at Shrinkage Limit \
(8) = Oxsw) 140 . 5 10 . 20 2530 4 50
2. "~ No. of Blows

Shrinkage Ratio — (5+7)
*Determination Yz by Weighing

Wt. of Centainer + Dispiaced, Hg, gm (A Mereury, Hg gm/cc =

(A)

Wi. of Container, gm {B) 62° F—68° F = 13.55 gm/cc
(C)
(D)

Wt. of Mercury, Ha, am {A-B) 69° F~72° F = 13.54 gm/ec
Vo* = C + Hg gm/cc 73° F-82° F = 13.53 gm/cc

o)

Shrinkage Shrinkage Shrinkage Plastic Liquid TPTasticity
Limit Ratio Index l.imit Limit index

/£ 4 2/
Request No. 74“35 Lab No. 7?" 740

DWR 714 (Rev. 12/66)



State of California
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

4/7‘?4@%/\

Project

Technical Services Office
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS

Reguest No, ?6?,,;;/

Classification

IV ik

Remarks

7

DWR 714 {Rev, 12/66)

VjAEr Dried | [ In Site ™ Oven Dried Tested By W T
PLASTIC LIMIT LIQUID LIMIT
Determination Ne, | 2 1 2 3 4
No. of Blows 34 2| /{
Container Na. /4{5 j/ V/ - Z22 I
|Wt. Container + Wet Soil, gm (1) | €L, 33 27;;7 %57 Z‘f:- /p? Z‘fﬂ’ﬁ
Wt. Container + Dry Soil, gm (23 }7: 4‘«: Zis {5 Z35,Z{ Z/r?@ 2-f ¢ 87
Wi, Water, Ww, gm (1-2) (33 /437 /‘2[ Zi 2 d’, 2.77 2 7
Wt. Container, gm ) | 2052 %/ﬁ /%0‘?{‘ /7e // / 7.3/
W+, Dry Soil, Ws, gm {2-4) (5) 8@‘?‘4’ A 00 4{/7 4'77 4:5?
Water Content, W, % (3+5) x 100 () ’/.':{43 /5, / _% Lo ?7;5 ﬁ% -
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. 1 2
- |Container No.
Consistency, No. of Blows
W+, Container + Wet Soil, gm ) Lo
Wi, Container + Dry Seoil, gm (2 E \\ﬁ
Wi, Containsr, gm (3) E Y N
Wi, Wet Soil, Wi, gm {1-3) 4) © 5
Wt. Dry Soil, Ws, am (2-3) (5 % $p B
Vol. Wet Soil, Vi, cc (6) = & N
Vol Dry Soil, Va* ce {7)
Wy —Ws  (4:5) ._(8) Q2 \
Vi— Ve (6.7) (%)
W% at Shrinkage Limit
(8) - (9xb’w) 100 _ 5 10 20 2530 40 50
= - No. of Blows
Shrinkaege Ratio ~ (5+7)
*Determination Y2 by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, Hg gm/cc =
Wi, of Container, gm =) 62° F.68° F = 13.55 gm/cc
Wt. of Mercury, Hg, gm (A-B) (C) 699 F—72° F =13.54 gm/cc
Vot = C = Hg gm/cc o)1 73° F-82° F = 13.53 gm/cc ]
CH )
Shrinkage Shrinkage Shrinkage Piestic Liquid Proestetty
Limit Ratio Index Limit Limit index
1S | 57 | 42
Request No. ?7F 35 Lab Ne ?C? _ 74 (




State of California
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Technical Serviees Otfice
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS

Project é/"[\‘?; ’Z)M’(

Classification

Request No. ‘ féz’gf
b N 1L THZ

Date 7 /4/7?

DWR 714 {Rev. 12/66)

Request No.

Remarks
E{'Air Dried 1 InSitu ] Oven Dried Tested By %%7/
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 ] 2z . 3 4
No. of Blews g! Zi /B
Container No. 357 /4’!{/ /42- \/ /49/
Ws. Container + Wet Soil, gm | 25¢/ | 258 | Z7.36 | 25.49 | 27.04
Wi, Container + Dry Soil, gm (2) Z‘f=§7 2475 ﬁg‘ﬁ‘d}' ZZ 86 24’34
Wi, Water, Ww, gm (1-2) B3) 1 (100 1O L Z 22 | 2032 2.20
W+. Container, gm (4) /7'52’ /é ?ﬁﬁ 70;/7 /7' 57 2“0'5/
Wt Dry Soil, Ws, gm (2-4) ) | 729 | 7Bl | 4B | 5,29 | 433
Water Contert, W, % (3:5)x 100 () | (37 | /26 | 470 1497 | 508
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. 1 2
Container No.
Consistency, No. of Blows
Wt, Container + Wet Soil, gm () l' \
W+, Container + Dry Soil, gm {2) %‘ ‘7, _\q
W1, Container, gm (2 '§ =) \
Wi, Wet Soil, Wy gm (1-3) 4) e
Wt. Dry Soil, Ws, gm (2-3) () g 4
Vol. Wet Soil, V3, cc i6) = 45 \
VYol Dry Sail, V2* cc 7 b\
Wi—Ws (4-5) . (8) 47 y
V1 - VY2 (6-7) (9) ’
W% at Shrinkage Limit ; v e
. B
Shrinkage Ratio - (5+7) No. of Biows
*Determination ¥z by Weighing ‘
Wt. of Contairer + Displaced, Hg, gm (A) Mercury, Hg gm/ec =
Wt. of Container, gm (B) 62° F-£8° F = 13.55 gm/cc
Wi, of Mercury, Hg, am (A-B) () 89° F-72° F = 13.54 gm/cc
Va* = C + Hg gm/cc (D) 73° F-82° F = 13.53 gm/cc
O
Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratio [ndex Limit L imif [ndex

F7-35

Laeb No Wu #Z




State of Califarnia
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Gide s Vm

Project

ATTERBERG LIMITS ,
. Reguest No, ‘?’?‘;5

Classification

Tachnical Setvices Office
LABORATORIES BRANCH
SOILS LABORATORY

Date 7¢ /;[_/W

Lab Ne. ?’@" 24

Remarks
Air Dried [ In Situ [ ] Oven Dried Tested By Z}%ﬂ{,?
PLASTIC LIMIT LIQUID LIMIT
Petermination No. 1 2 1 2 3 4
Ne. of Blows 5L ZzZ /;
Container No. J | /7 L/ FP/; /i
We, Container + Wet Seil, gm (D . 2 27,49 Z?.&Z_ 2o Ze Z§F4
Wi, Container + Dry Soil, am (2 24\{'?4‘ o i F 22,83 |zaL2. |23 /0O
Wi. Water, Wy, gm (1-2) @ | o8 122 1 219 2.4 | 2.44
Wt. Container, gm (4) /f//? /é),ﬂé /fa G /59{74 /ff70
Wi, Dry Soil, Ws, gm (2-4) ) | 475 gl 4t | 4.88 | 440
Water Content, W, % (3+5) x 100 6 |l | b2 | Grle | 54 55.% .
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. 1 2
Container No.
Consistency, No. of Blows
Wt. Centainer + Wet Soil, gm (n
W+, Conteiner + Dry Soil, gm (2) = sl
Wt. Contsiner, gm (3) {é < N
Wi, Wet Soil, Wy, gm (1-3) (4) L‘)_
Wt. Dry Soil, Ws, gm (2-3) {5} g 54’ \.\
Vol. Wet Soil, Vs, cc (6) = AN
Yol. Dry Seil, ¥2* cc i7) §5
Wy - Ws _(4-5) (8) 52 N\
Vi-Va {67) (9
W% at Shrinkege Limit
(8) - (9x¥w) 5 10 20 2530 40 50
R 100 =
Shrinkage Ratio — (5+7) No. of Blows
*Determination V2 by Weighing
W1, of Container + Displaced, Hg, am {A) Mercury, Hg gm/cc =
Wi. of Container,_gm ' (B} 62° F-68° F = 13.55 gm/cc
W+, of Mercury, Hg, gm (A-B) ) 69° F_72° F = 13.54 gm/cc
Vo* = C = Hg gm/cc (D) 73° F-82° F = 13.53 gm/cc
7D
Shrinkage Shrinkage Shrinkage Plastie Liquid Plasticity
Limit Ratio Index Limit Limit Index
Jlo g4 | 3B

DWR 714 (Rev. 12/66})

Request No. '?2/7" %

Lab No. q ?”74/7




State of California Technical Serviees Office
THE RESOURCES AGENCY LABORATORIES BRANCH

DEPARTMENT OF WATER RESCURCES : SOILS LABCRATORY
: ATTERBERG LIMITS

Project___ A1 ilee [Jim Request No. 9935

Classification Lab No. §7”744'

Remarks - Date 7//5/7,7
[]/Air Dried * [} InSitu ] Oven Dried Tested By W//f

PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 H 2 3 4
No, of Blows %‘7/ A / \ /
Container No, : /44 S /ﬁ/ /%3/ 5//
W+, Container + Wet Soil, gm (n 2-4-3?;- 26,7 Zg';g fi \L/
Wi, Container + Dry Soil, gm ) | 23 S 24, 93 Z/@;O‘f' fY‘\ _:ﬁ\
Wi, Water, Ww, gm (1-2) SR J 16 | 2.5 A P\
Wt. Containar, gm (4) /;fﬁ:4' /7&2- Z20.5Z /7‘"7/\’( {@155
Wt. Dry Soil, Ws, gm (2-4) 5y | 73] 73] | sssz 1 7 \
Water Content, W, % (3+5) x 100 6 | oo | /59 | 455 y
SHRINKAGE LIMIT : Flow Curve for Liquid Limit
Determination Ne. ] 2
Container Ne,
Consistency, No. of Blows
Wt. Container + Wet Soil, gm (1
Wi, Container + Dry Soil, gm (2} p
Wt. Container, gm (3) %
Wi, Wet Soif, Wy, gm (1-3) (4) ©
Wi. Dry Seil, Ws, gm (2-3) (5) 4;3
Vol. Wet Soil, Vi, cc (6) =
Vol. Dry Soil, V=¥ ce 73
Wi We (4-3) (8)
Vi=Vz (&7) 9
W ot Shr(;gn)kag?QLEIml; ' 5 10 20 2530 40 50
"(5)" 2100 =
Shrinkage Ratie ~ (57) N¢. of Blows
*Determination Vo by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, Hg am/cc =
W+, of Container, gm (B) 62° F—68° F = 13.55 gm/cc
Wi. of Mercury, Hyg, gm (A-B) (C) 69° F-72° F = 13.54 gm/cc
V2* = C + Hg gm/ce (D) . 73° F—82°F = 13.53 gm/ce
e
Skrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratio Index Limit L imit index
[l Rl Z0

Request No. 7?’3g Lab No. qq,74‘4

DWR 714 {Rev. 12/66)



State of Cualifornia
THE RESOQURCES AGENCY
DEPARTMENT OF WATER RESQURCES

Sites [

Classification

Teehnical Serviees Office
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS

Reguest No. 4?’5{ '
Leb Now_ 79 = [ 47
- Date 7//;[/?)7

Project

Remarks

[7] Air Dried

7] InSity "1 Oven Dried Tested By P‘y{/{?
PLASTIC LIMIT LIQUID LIMIT
Determination No. ] 2 ] .2 3 4
No. of Blows ‘ 2l Zl Z!
Container No. /4'; E/ 203 /4& /35
|Wt. Container + Wet Soil, gm {1 Z:é’.r 5/ Z5. 78 ‘Q_Zf,‘ t:}é ;4’, 3('? 24‘ &7
Wi, Container + Dry Soil, gm ) | 22,35 ,24"1 8 & | 22, Bg 2, 87 Z/ ,3?
Wt, Water, Ww, gm (1-2) {3) 113 . q & 2 b | Z 5Z 2. 78
Wi, Container, gm (4) /{‘/';7/ /4, Z% /Z/Z— /é,74‘ /é ,ﬁ?
Wt. Dry Soil, Ws, am (2-4) (5) 7, 4‘7 é" 5:4 ) 4 93 5}5?
Waier Content, W, % {3+5) x 100 {6) /5/ /4:7 4‘?'? S/ / 5Z.C
SHRINKAGE LIMIT Flow Curve for Liguid Limii
Determination No. . ] 2
Container Ne. 57 - R
Consistency, No. of Blews {
Wi, Container + Wet Soil, gm (D |
Wt. Container + Dry Soil, gm (2) p c
. 2 ,,;/
Wt. Container, gm {3) s v
Wi, Wet Soil, Wy, gm (1-3) (4) L: \
Wt. Dry Soil, Ws, gm (2-3) (5) ":;J
Vol. Wet Soil, Vi, ce 6) = 5
Vol. Dry Soil, V2* ec (7) \
Wi = Ws  (4-5) 8) ’
Vi-VYa (67 (9 449
W at Shr(ig}kﬁg?ngi’mi)? S 10 20 2530 40 50
___‘_(3_)&_“’_ 100 =
Shrinkage Ratio — (5+7) No. of Blows
*Determination Yz by Weighing
Wt. of Container + Disploced, Hg, gm (A} Mercury, Hg gm/cc =
Wi, of Container, gm (B) 42° F-68° F = 13.55 gm/cc
Wt. of Mercury, Hg, cm (A-B) (%) 69° F-72° F = 13.54 gm/cc
Vs = C + Hg gm/cc (D} 73° F-82° F = 13.53 gm/cc

e

Shrinkage Shrinkage Shrinkage Plastic Liquid SR tTETHY
Limit Ratie [ndex Limit Limif |ndex
s Z| 2
Request Ne. ?Q’Eg, Lab Ne. ?9”721{;

DWR 714 (Rev. 12/66)



State of Califarnia Technical Services Offi
THE RESQURCES AGENCY LABORATORIES BRANGH

DEPARTMENT OF WATER RESOURCES S0ILS LABORATCRY
ATTERBERG LIMITS

Project 5{7{;59 DMM Request No. 7?-1;9/
Classification Lab No. ?Pq’7%

Remarks Date 7/é3/%

ﬁAir Dried [.] InSity 7] Oven Dried Tested By "”)/ﬂ/?f
PLASTIC LiMIT LIQUID LIMIT
Determination Nae. 1 2 e 2 3 4
No: of Blows 26 |x N/
Centainer No. 71?/3 : \// £/ \{4? X/?
Wt. Container + Wet Soil, gm (1) Z7.28 Z9.08 Zé, 34—- ‘\ / X
Wt. Container + Dry Soil, gm {2) 24 Nt 127 o _Z3.95 \\/ ;’/ \
W1, Water, Ww, gm (1-2) @ | 1,24 | (42 | 239 A /A
Wt. Container, gm ' @) | /B, &% /7 5)4 /B.18 /#}i/ l/ﬁ;%
Wt. Dry Soil, Ws, gm (2-4) s | 7.6] A 7 N _
Water Content, W, % (3+5) x 100 © | /o2 | e | 422
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determinatien No. : ] 2
Container Ne,
Consistency, No. of Blows
Wt. Contrainer + Wet Soil, gm (n
Wt, Container + Dry Soil, gm ) £
Wt. Container, gm (3) %
Wt. Wet Soil, W4, gm (1-3) (4) ‘-:
Wt, Dry Soil, Ws, qm (2-3) (5) g
Val, Wet Soil, Vi, cc (6} =
Val, Dry Soil, Va* ce 7
Wy — W (4-5) (8)
Vi-Vo  (67) (9)
W% at Shr(ig)kag(egl..ém])’r : =
m:..(..g)_’.‘_._&’_ 100 =
Shrinkage Ratie — (5+7) No. of Blows
*Determination ¥z by Weighing
W1, of Container + Displaced, Hg, gm (A) Mercury, Hg gm/cc =
Wt. of Container, am (B) 62° F—68° F = 13.55 gm/cc
Wt. of Mercury, Hg, gm (A-B) (C) 69° F_72° F = 13.54 gm/cc
Vo* = C + Hg gm/cc. D) 73° F-82° F = 13.53 gm/cc
e
(ee)
Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratie Index : Limit L imit [ndex

(7 4z zs
Request No. ?413; Lab No qc?'-?ﬁi{;»

DWR 714 {Rev, 12/66)



State of Califernie Technieal Services Office

THE RESQURCES AGENCY LABORATORIES BRANCH
DEPARTMENT OCF WATER RESOURCES SOILS LABORATORY
' ATTERBERG LIMITS
Projecs 517[\?5 Dﬁm Request No. W"ff
Classification l.ab No. ﬁ';é{?'
Remarks . 7 Date 7/23/(??
m/Air Cried 1 InSit { ] Oven Dried Tested By j)”!/i”
, PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 i 2, 3, 4
No. of Blows zs v | [/
Container No. /4& -I /0/; \V / /\Yj’fL
Wi, Container + Wet Scil, gm () 25,7/ 25-75 2-4.53 \ / Y
Wt. Centainer + Dry Soil, gm (23 Z‘f“r’?B 2 T2 2’4" /7 \A/ /\
Wr. Water, Wy, gm (1-2) @ | iz | 106 | 2324 | /) [\
Wt. Container, gm (4) /é 74‘ /7’3/ /8’74’ Ff ;3 /’5,7&
Wt. Dry Scil, Ws, gm (2-4) (5) 7 6574' 7’ %/ $.4< !' \ {
Water Content, W, % (3=5) x 100 @ | /E4F | 143 429
SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination No. 1 2
Container Neo.
Consistency, No. of Blows
Wt. Container + Wet Soil, gm (1
Wt. Container + Dry Seil, am . (2) =
W+, Container, gm {3) %
"I Wet Soil, Wq, gm (1-3) (4) o
Wt. Dry Soil, Ws, am (2-3) (5) g
Vaol. Wet Seil, Vi, cc (6) =
Vol. Dry Soil, Vo¥ cc (7)
Wi — W (4-5) (8)
Vi-Va 67) 9
W ot Shrinkage Limi e T
—_—:—(TS_}E——W_ 100 =

. of B}
Shrinkace Ratie — (5+7) Ne. of Blows

*Determination Yz by Weighing

Wi, of Container + Displaced, Hg, gm Mercury, Mg gm/cc =

(A)

Wi, of Container, gm B 62° F-68° F = 13.55 gm/<c
(<)
(D)

Wt. of Mercury, Hg, gm {(A-B) ¢9° F-72° F = 13.54 gm/cc
Vo* = C + Hg gm/cc 73° F-82" F = 13.53 gm/cc

(e

Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratio [ndex Limit Limit [ndex

/4 43 29
Request No. 7¢ -39 Lab No. 7?* 7‘4 /

DWR 714 (Rev. 12/66)



State of Califarnia
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Preject_ 5"1 745 DM

Classificetion

Tachnical Services Office
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS
Request No. f?“;}”
Lab oL 2= [#5

Date 7,/‘2'3//f¢

Remarks

[@/Aer Dried T In Sity ] Oven Dried Tested By Z;"&f/f/f
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 ] 2 3 4
No. of Blows 29 2'4 . /8
Container Ne. . I/ 25/ /%/ /‘743 i
Wt. Contoiner + Wet Soil, gm (| Z72 4—5 Z4. 08 2-41 98 Zﬁé@; 25,60
Wt. Container + Dry Soil, gm @ | 26.33 | 25,0/ || 22,7 | 2444 | 23,
Wt. Water, W, gm (1-2) ORI R /o7 2.2.0 2.6/ /.9 €
Wt. Container, gm (4) /f, /ﬂ /7: zZ /7'// /‘%?/ /jlﬁ(f
Wt Dry Scil, Ws, gm (2-4) 5 | Bfs 7,79 S.6] | 53 | 475
Waser Content, W, % (3+5) x 100 6 | /4] (3.7 226 | 40.0 | 4.3
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determinaiion No, 1 2
Contaiper No.
Consistency, No. of Blows
Wi, Container + Wet Soil, gm (1)
Wt. Container + Dry Soil, gm (2) E 42‘ \
Wt. Container, gm (3} E 4f \
Wt. Wet Soil, Wy, gm {1-3) (4) e \\
Wt. Dry Soil, Ws, am (2-3) (5) 2 4o X
Vol. Wet Soil, V4, cc (6) = Y
Vol Dry Soil, Vo* cc 7) > \\
Wy = We  (4-5) (8 8 :
Vi-Vo  (6]) () - :
W% at Shrigkagegl_'\mi)‘r : - T
(8} —(é)xb’w 100 =
Shrinkage Ratio — (5+7) No. of Blows
*Determinotion Y2 by Weighing
Wt. of Container + Displaced, Hg, gm ‘ (A) Mercury, Hg gm/ec =
Wt., of Container, gm (B) ) 62° F—68° F = 13,55 gm/cc
Wi, of Mercury, Hg, gm (A-B) ) 69° F-72° F = 13.54 gm/cc
Yo* = C + Hg gm/ce (D) 73° F-82°F = 13.53 gm/cc
=
Shrinkage Shrinkage Shrinkage Plastic liquid Plasticity
Limit Ratio Index Limit ZEH Index
(4 2o
Req;uesf Ne. ‘??—55 Lab No. f‘?,ﬂ 7‘%5

DWR 714 (Rev. 12/66)



YIUIE D] wUII0inig i i i
THE RESOURCES AGENCY Jﬁé%néid';_gai‘l\'égég}qog‘lee
CEPARTMENT OF WATER RESOURCES ' o

SOILS LABORATORY
ATTERBERG LIMITS

Project Q{TE‘:J | - Request No. P95

Clessification Lab Ne. 9“? "7’49

Remarks | . ' Date 7- Z'@_""%?
[ Air Dried T InSity Q@ Oven Dried Tested By @M

. PLASTIC LIMIT LIQUID LIMIT
Determinatior Ne, | 2 ] 2 3 4
Ne. of Blows . %% {? /L% :
Container No. NA V1 ‘%@ 141 L40y
(We Contalner + Wet Soll, gm () 1 15-%% léf%g DA 44~ | 15, F w.OZ
Wi, Container + Dry Scil, em {2). 74776 Z;;.OO Z%C}b 1%, 4] 75 o
Wt Water, Ww, gm (1-2) (3) , g"E)/L : @'%9 L.=| /L%’% L4 _.
" [Wr. Container, gm | @W | 1For 11902 | lp5® 17U | 10737
Wi, Dry Soll, Ws, gm (2-4) & | b | waz | 140 | WD | .04
Water Content, W, % (3+5) x 100 6 | .ol 14%% | 229 | 24.% | 5.2
SHRINKAGE LIMIT Flew Curve for Liquid Limit
Determinatior No. 1 2 ;
Centainer No. : % | .
Consistency, No. of Blows ‘ T % —
Wi, Container + Wet Soil, am ()
Wt. Container + Dry Seil, am (2) E
Wt.-Cantainer, gm {3) 2 7Y \
, ‘ g
Wt, Wet Soil, Wy gm (1-3) - {4) L: \
Wi, Dry Soil, Ws, om {2-3) (5) g A ; A
Vel Wer Seil, Vi, cc (6) 77@ \
Yol Dry Soil, Vo* cc (73 . \
Wy — Wy {4-5) (8)
Vi = Vo  {6-7) (%) L4 ll\ |
W ot Shri"kcgegum” : 5 0 70 2530° 4050
(8) —({S)XKW) 100 < . .
Shrinkeas Rotio - (5;7) No., of B]OWS'
*Determination Vo by Weighing
W1, of Container + Disploced, Hag, .gm (A) Mercury, Hg gm/;c =
Wi, of Container, am (B) 62° F-48° F = 13.55 gm/cc
Wi, of Mercury, Hg, gm (A-B) (C) g 169 FL72° F =13.54 gm/cc
Va* = C = Hg gm/cc ‘ (D) ‘ 73°F-82°F = 13.53 gm/cc
e | hRe | M A S i

| = b5 2.0
Reque;f No. Qé}/%é lab Ne. 579#749

DWR 714 (Rev. 12/68)



State of Celifornia
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Pro]ecf QHL% ’Dﬂ«lﬂ’\ '

Classification

Technical Serviees Office
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS .
Request No. 94’ 35

Lo o L1750
Date 7/1@/? c?

Remarks
X Air Dried 7] I Situ {7 Oven Dried "Tested By pH
PLASTIC LIMIT LIQUID LIMIT
Determination No, 1 2 L 2 3 4
No. of Blows =2 2 19 2.2 [
Container No. T o0 _Add E[ X E2)
Wt. Container + Wet Scoil, gm (1) 25.4 A S RN A ﬂg 757070 115. 75
Wt, Container + Dry Soif, gm (2) 2424 4.3 12,47 fl"ZulC{Y 12.%91 22.00
Wi, Water, Ww, gm (1-2) (3) LIz ) 7—-75 2749 2& 2,23
Wi, Container, gm (4) {ﬂ,bh{' ’20‘-"‘)?# ) xlgl-j( { 82% \8,")% V77 o 2
Wt. Dry Soil, Ws, gm (2-4) Gl 525 4251 243 0 %4) | 4905 434
Water Content, W, % (3+5) x 100 6 | 202 | 2e] J2.0 L3 7%k L 1%
. SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination No. | 2
Container No. "‘
Consistency, No. of Blows ’IL{' ‘
Wi, Container + Wet Soil, gm D A
W+, Container + Dry Soil, gm {2) E 13 1‘
40, Container, gm {3) = \
m Wet Soil, Wy, gm {1-3} “{4) ‘:’_ :
Wi, Dry Soil, Ws, om (2-3) (5) *f:: 1% —
Vol Wet Soil, Vi, cc (6) = \]
Yol Dry Seil, Va* cc (7} Al '
Wy = We (4-5) (8) :
Vi-Vz (&7) {9) \
W% at Shrinkege Limit 10 - .‘40 %
&:_(__W_)_ 100 = 5 10 20 253
No, of Blows

Shrinkoge Ratie ~ (5%7)
. *Determination ¥z by Weighing

) Mercury, Hg gm/&c =

) ' 62° F—68° F = 13.55 gm/cc
) ' ‘ 69° F72° F = 13.54 gm/cc
D) 73° F-82° F = 13.53 gm/zc

Wt, of Container + Displaced, Hg, gm

{
W+, of Container, gm {
Wt. of Mercury, Mg, am {(A-B) {
Vo* = C = Hg gm/cc {

Tow)

Shrinkage Shrinkoge - Shrinkage Piastic Li‘qu'id \Plosficity
Limit Ratio Index Limit Limit Index
2 e 5 |

Request No. @Q“%% ’;_qb No, Q}Q»? 200,

DWR 714 (Rev, 12/68)



Stete of California
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESQURCES

Technical Services Office
LABORATORIES BRANCH
SOILS LABORATORY

Requesf No. 7?’55
L.ak Ne. ?4' 75/
Date 8’/{”/??

_ ATTERBERG LIMITS
Preject «514-@,«’5 ?/W "

Classification

DWR 714 (Rev. 12/66)

Remarks
ﬁAir Dried [ InSity ] Gven Dried Tested By yf/{/{;’r : /
¢
PLASTIC LIMIT LIQUID LIMIT /
Determination Nao. 1 2 1 2 3 4
No. of Blows | z9 23 <
Container No. ) % /4’2— Z00 //? /“%4
{Wt. Container = Wet Soil, gm {N Zé: /3 _217445 Z;} 75 27;% .Z%,@/
Wi, Container + Dry Sail, am (2) 24,72 AT 95 . BF | 2410 2043
Wr. Water, Ww, gm (1-2) @ L 4 L] 00 | Bbhty | DB
Wi. Container, gm ' (4) /7,;:’52_ Zh. /7 /7// /éo» 7 /5. 83
Wt. Dry Soil, Ws, gm (2-4) (5) 2101 Y. =7 | B 4.0
Water Content, W, % (3:5) x 100 (6) | {9.9 9% [ 4.2 | bsa | p4.]
SHRINKAGE LIMIT Flow Curve for Liquid Limit -
Determination No. 1 2
Ceontainer Ne.
Consistency, No. of Bicws 10
Wi, Container + Wet Soil, gm (1) ‘ . \
Wi. Container + Dry Soil, gm (2) = ©9 \
Wt. Container, gm i3) % Lﬁ \
Wi, Wet Seil, Wy, gm {1-3) (4} L: \
Wi, Dry Soil, Ws, qm {2-3} (5) g Wt
Vol. Wet Soil, Vq, cc {6) = Y
Yol. Dry Soil, Va* e¢ {7) e r
Wy - Ws  (4-5) (8) 6
Vi—Va  (&7) (%) "L A
W% at Shrinkage Limit . (o4 A
(8) — (9x¥w) 5 10 20 2530 40 50
e e R
{5) .
Shrinkage Ratio — (5+7) No. of Blows'
*Determination Yz by Weighing
Wrt. of Conﬁiner + Displaced, Hg, gm (A} Mercury, Hg gm/ce =
Wt. of Container, gm (BY | 62° F—68° F = 13,55 gm/cc
Wi, of Mercury, Hg, gm (A-B) (i) £9° Fo.72° F = 13.54 gm/cc
Vo* = C = Hg gm/cc (DY 73° F~82° F = 13.53 gm/cc
( Shrinkage Shrinkage Shrinkage Plastic - -L/i.quid Plasticity
Limit Ratieo Index L/;Zb L(Ez; ijz;
- —
Request No. ﬁ?{%d -?g Lab No. %" 7b /




State af Californic

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESCURCES

ATTERBERG LIMITS

Tachnical Services QOffjze

LABORATORIES BRANCH

SOILS LABORATORY

.

DWR 714 (Rev, 12/66)

Request No.

G-

= | TE (HF "2
Project """)l S JDR'M Request No. ;g =
L ey
Clessification Lab Ne. /’:i; /7 72-—/“-'
Remarks Date ‘6////0/9?
7
@Air Oried (7] In Situ {7 Oven Dried Tested By {ffﬂ%
PLASTIC LIMIT LIQUID LIMIT

Determination No. ] 2 /1 | /2 3 4
No. of Blows % ZI /Z/
Centainer No. , %/‘4‘0 %46 %/% - #55/ #/4’5
Wt Container + Wet Soil, gm (n ?4*@% 25'/59 gfﬁ?’! 29. o) 26-‘4’0
Wi, Contoiner + Dry Soil, am (2) _.;j-:.%, + i Z{ﬂ?g 5. 2-4' 2591 | Z z L%
Wr. Water, Ww, gm (1-2) (3) [ ot | 247 | Bl 2.0%
Wt. Con'rcxiner, qm (4) _ /dﬂr?g’) /@:5/ /&,63 /?'ZI /4'9
Wr. Dry Soil, Ws, gm (2:4) & | pan| 7970 AF L 83F0 | P B
Water Cortent, W, % (3:5) x 100 © | (1D 7112991 Huv 4=
| SHRINKAGE LIMIT | Flow Curve for Liguid Limit
Determination No. ] 2 _\
Container No. \
Consistency, No, of Blows 41 \
Wt. Container + Wet Soil, gm )
Wi, Container + Dry Soil, am (2) E \
Wi, Container, gm (3) ‘S' 4 \‘
Wi. Wet Soil, Wy, qm {1-3) (4) Y v
Wt. Dry Soil, Ws, gm {2:3) (5) £ \
Vol. Wet Soil, Vi, cc (&) = T \
Vol, Dry Soil, V2* cc (7) A0 \
Wy~ Ws  (4-5) _(8)
Vi-Vz  (6&7) 2 .,
W% at Shrinkege Limit 39 = ;

5 10 20 2530 40 50

B = B 00 -
No. of Blows
Shrinkage Ratio = (5+7)
*Determination Yz by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, Mg am/cc =
Wi, of Container, am (B) 62: F‘68: F = 13.55 gm/ce
Wi, of Mercury, Hg, gm (A-B) (& 69:. [E'Jgo § i :ggg gm;cc
Va* = C = Hg gm/cc (D) 73" F-8 = 13,53 gm/cc
. S RN U T
| o
i Shri Shrink Plastic Liquid Plasticity
Shlr:inmk%ge hrinkage r!|r:1deuxge Jeste T i

i

4

74
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Stote of Californie

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Tachnica! Services Offiee
LABORATORIES BRANCH
SOILS LABORATORY

ATTERBERG LIMITS

L TES TINANM 3G-2=

Frojest Request No,
Classification Lab No. Qq - 75&
Remarks : Date . %/ﬂ@/@g //
74
[Y Air Dried O In Sit . Quven Dried Tested By il
g
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 1 yi 3
No. of Blows 2z 2.0 /2
Container No. j[ Vo X Pf?: = '
Wi, Containar + Wet Soil, gm (1) L&(y9 Zér% 60!%& ?70 C?)D 3067
Wi, Container + Drv Soil, am (2) 7’2@?« ZA‘J %9 Z-—’?OQ 23 L2 2709
Wi, Water, Ww, gm (1-2) a1 03| 0.9e) 251l 290 238
We. Contoiner, gm 4y | /8. 19 (9,05 ‘16\':!-':!' .o 4 fé'ﬁg
Wi. Dry Scil, Ws, gm (2-4) 5 | 435 | 224 819 | b= | 2.00
Water Content, W_ % (3:5) x 100 6 | e | 129 | Ap.0 | 4.7 | &%.0

SHRINKAGE LIMIT

Cetermination No. 1 2

Flow Curve for Liquid Limit

Container No.

Consistency, Ne. of Blews &5

Wi, Container + Wet Soil, gm () \

Wi, Container + Dry Soil, am 2) * \

Wt, Container, gm {3) ‘::f: 41 \

Wi, Wet Soil, Wy gm (1-3) (4) ©

Wt. Dry Soil, Ws, gm (2-3) (5) £ _ A\
Vel Wer Soil, Vi, cc (6) *= \

Vol. Dry Seil, V2* cc 7 - A

Wi - Wy (45) 8 \
V- Vo o (6:7) %)

W ot Shr(igr’)kc_]g?g;;?; A 5 10 20 2530 40 50

Bl 100 =

Shrinkage Ratio = (5:7) _
“Determination Yz by Weighing

Neo. of Blows

Wy, of Con?diner + Displaced, Hg, am (A Mercury, Hg gm/cc =

) _

B) 62° F-68° F = 13.55 gm/cc
)
)

Wi, of Ceontainer, gm {
Wi, of Mercury, He, gm (A-B) {C
Vor = C + Hg gmiec (D

69° F72° F = 13.54 gm/cc
73° F-82° F = 13,53 gm/cc

Shrinkage.

DWR 714 (Rev. 12/66)

Shrinkage Shrinkage
Limit Ratio index
Request No.

((r)

Plastic Liquid Plasticity
Limit Limit Index
ly A 75
Q@‘% Lab No, QQ"’? ‘6 %




State of Colifornia ' Technical Services Office
THE RESOURCES AGENCY LABORATORIES BRANCH

DEPARTMENT OF WATER RESOURCES . SQILS LABORATORY
ATTERBERG LIMITS

Project__ 514€5 Lo Ressest o735

Classification : Lab Ne. 9?—*7&74

Remarks _ Date 5//0/‘?0/

[E{Air Dried 1 In Sity 7] Oven Dried Tested By Wr : /

PLASTIC LIMIT LIQUID LIMIT \/

Determination No. 1 2 1 2 3 4
Neo. of Blows 22 Z% /g
Container No. /4} "/ ﬁ 1% /3/ //5
W+, Container + Wet Scil, gm {1} ;ﬁr@? Zfﬁ 25, 8&) Zﬁ;'ff Z?;ﬁ
Wt. Container + Dry Seil, gm {2) 79.5% %0’# 12,70 | 2405 12213
Wr. Water, Wy, gm (1-2) @ | %0 | ) P? Zde | 2.5 Z A
Wt. Container, gm .| Zp, 70 )57,5/ /7:;7 /7 P f8.70
W Dry Soil, Ws, gm (2-4) (5) 8.9 | 440 e 1% | (280 o, 4%
Water Contens, W, % {3+5) x 100 {6) /4’! ¢ 14’ = 2, L Dy D 24 2
SHRINKAGE LIMIT Fiow Curve for Liguid Limit
Determination No. , i 2
Container No. - ) Y
Consistency, No. of Blows [ ) \\
Wt. Container + Wet Soil, gm (1) 1\
Wt, Container + Dry Soil, gm 2) -
Wi, Container, gm (3 é 1 : \
Wi, Wet Soil, Wy, gm (1-3) @) S \\
Wi, Dry Soil, Ws, gm (2-3) {(5) 43 X
Vol Wet Soil, Vi, cc (6} x ‘\
Yol. Dry Soil, Vao* ce {7 o \l
Wy - We (4-5) _8) |
Vi-Va 67 (9) : !
W% at Shrinkage Limit 1o
(8) ~ (9x¥w) L 5 10 20 2530 40 50
T 100 =
Shrinkaqe Ratio = (5+7) Ne. of Blows
*Determination Y3 by Weighing
Wt. of Container + Displaced, Hg, gm (A) . Mercury, Hg gm/cc = ]
Wt. of Container, gm - =) 62° F68° F = 13.55 gm/«cc
Wt. of Mercury, Hg, gm (A-B) (C) §9°F_72°F = 13.54 gm/cc
Vot = C + Hg gm/ec (D) 73° F82° F = 12,53 gm/ce
_ (i)
Shrinkage Shrinkage Shrinkage Plastic T Liquid Plasticity
Limit Ratio index i Limit Limit Index

= A4 Zi
Reguest Ne. q‘?“jg Lab No. W‘ 75#4-’

DWR 714 (Rev. 12/66)



Stote of California .
THE RESCURCES AGENCY
DEPARTMENT OF WATER RESQURCES

- . ATTERBERG LIMITS

Techrical Services Office
LABORATORIES BRANCH
SOILS LABORATORY

o
Preoject §f j‘l{"; {‘}a/l/i/\ Request Ne. %fgg
Classification Lab No. 4?’755
Remarks Dote 8//?/%7
o Air Dried [ in Sit ] Oven Dried Tested By W’? /
PLASTIC LIMIT LIQUID LIMIT /
Determination No. i 2 1 2 3 4
No. of Blows 20 ZO /5
Container Ne. /4’; /4‘& 203 \{ /7
Wt. Container+ Wet Soil, gm (N {25 «?; 25»% ;%47 ZL, PM 26.00
Wt. Container + Dry Soil, gm (2) ﬂ? &4 %.29° 2%. 40 | 432 7%.9%
Wi, Water, Ww, gm (1-2) {3) Z‘ H llq' ZO? ﬁ ("_LL Z~D7'
Wt. Container, gm.. (4) 265 jérdf‘i/‘ /7«(‘1 /3«03/ /é),ﬁé
Wr. Dry Soil, Ws, gm (2-4) 5 | 75| 45 | @l 11| 587
Water Content, W, % (3+5) x 100 {8). Iéu | .1 5.0 Shp R
SHRINKAGE LIMIT Fiow Curve for Liguid Limit
Determination No. 1 2
Container No,
Consistency, No. of Blows )
Wi. Container + Wet Soil, gm (1) \
Wt. Container + Dry Soil, gm (2) = 5% \
Wt. Container, gm (3} % \
Wi. Wet Soil, Wy gm (1-3) (4) Y i
Wi, Dry Soil, Ws, qm (2-3) (5} g \
Vol Wet Soif, ¥y, ec (6) = 44
Vol. Dey Soil, ¥2* cc 7 h
Wi = W (4:3) (8) \
Vi-Va  (67) ) \
W% at Shrinkage Limit 5% ‘
48 = Oxpw) o | s 10 20 2530y 4 50

) N f Bl

Shrinkage Ratio — {347) °° o
*Determinaiion Yz by Weighing

W1, of Container + Displaced, Mg, gm (A Mercury, Hg gm/cc =
Wt. of Container, gm {B) £2° Fo68° F = 13.55 gm/cc
Wt. of Mercury, Hg, am (A-B) () 69° F-72°F = 13.54 gm/cc

; (D) 73° F-82° F = 13.53 gm/cc

Vo* =C + Hg gm/cc

1)

Shrinkage
Ratio

Shrinkage
Limit

Shrinkage

Index

DWR 714 {Rev, 12/66)

Request No. 7?"3;

Plastic trquid Plasticity
Limit Limif Index
% D4 g
Lab No PT-T7S S




State of Califarnia

o THE RESOURCES AGENCY
CEPARTMENT OF WATER RESOURCES

Qs

ATTERBERG LIMITS

Teshnieal Sarvices Othee
LABORATORIES BRANCH
SOILE LABORATORY

99-25

Project -Dﬁf\”i‘ Request No.
Classification Lab Ne, qu 76(/
Remcrks Ddte ? g Zé B ?q
3 Air Dried 7] in Situ ™7} Oven Dried Tested By "i_/j
PLASTIC LIMIT LIQUID LIMIT
Determinatien Ne. 1 2 1 2 ' 3 4
No. of Blows \b®/ M ’% 2‘4
Centainar Ne. . ‘\9(7// ]4’9 ”?’ “C)
Wt. Container + Wet Soil, am (1) Zg\/(a Z?t@B Z/&’% 15, 64’
Ws. Container + Dry Soil, am {(2) A 26@0 ﬁﬁ.’/’/ﬂ 12. 29
Wrt. Water, Ww, gm (1-2) (3) [\ 11| 1% 0 1.05
Wt. Container, gm (4) ’l/fp' \1P\ w’;l l%oq‘ Zg 9
Wr. Dry Soil, Ws, gm (24) (5) /[ A\ 5.09 | 209 4 4
Water Content, W, % (3+5) x 100 (8) / 4'4” - 48,0 | Mo v
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. ] 2 AP .\.:
Container No. - \
Consistency, No. of Blows _
Wi. Container + Wet Soil, gm (1) AT |
Wi, Container + Dry Soil gm 2) E : L
Wt. Container, gm (3) F \
Wi, Wet Soil, Wy gm (1-3) {4) L: iy \
Wi, Dry Soil, W‘s, gm [2-3) (5) -g
Yol. Wer Soit, Vi, cc {6) =
Yol. Dry Soil, Va* cc {7) 45 4 |
- We  (4-5) {8) \
Vi-Vz  (67) (9) \'i
W% at Shrink Limi
o hr(lgﬂ) igfgx;—n\:,l; 40’5 10 20 2530 4L 50
BT 100 =
Shrinkcae Ratie — {(5:7) No. of Blaws
*Determination Yz by Weighing
W+, of Container + Displaced, Hg, gm (A) Mercury, Hg gm/cc =
Wt of Container, gm (B) 62° F—68° F = 13.55 gm/cc
W, of Mercury, Ha, am (A-B) (C) 69: F—72° F =13.54 gm/cc
Vz* =C =+ Hg gm/cc (D) 73°F-82°F =13.53 gm/_cwc
P "y
)
Shrinkege Shrinkage Shrinkage Plastic Ligquid Flasticity
Limit Ratio [ndex Limit Limit Index
17 45 et

DWR 714 {Rev. 12/66}

Request Ne.
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Leb No.
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Srate of California
. THE RESQURCES AGENCY
DERARTMENT OF WATER RESQURCES

Technieal Sewicas OHice
LABORATORIES BRANCH
SOILS LABORATORY

99- 35

ATTERBERG LIMITS

Project Reguest Ne,
Classification Lab No. Qq - 15w
Remarks Cate ?"{ﬁw" 79
o | - Al
] Air Dried [ In Situ gzj Qven Dried Tested By o /i1
. s
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 1 2 3
No. of Blows _ : $¢ /50 “é
Container Ne. Y ZO% > 'D &
Wi, Container + Wet Scil, gm (1} ?/1\35 %69 210 ZB 5 [ 2/699?,')
Wi, Container + Dry Sofl, gm (3 {3 1 40 22,70 229 | 12,2
Wi, Water, W, gm (1-2) 3 | 00D 0.99 5% | 5.0 =1
W, Confcziner, gm (4) Jﬁ»o% ]/"} ‘!7/ 1@;({ IQ‘-C)?' [C_:t q‘?
Wr. Dry Seil, Ws, gm (2-4) s | 4.1 56 | 717 .ol L.u?
Water Content, W, % (3+5) x 100 (&) 177, @’70 . fj{ fip A7 o blo. 2590 Aig. e
SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination No. ] 2
Container Ne.
Consistency, No. of Blows »
Wi, Container + Wet Soil, gm (1) ' ' 4
Wi, Container + Dry Soil, am (2) - i
Wi, Container, gm (3) %
Wt Wet Soil, Wy, gm (1-3) (4) ‘-:’_
W+, Dry Soil, Ws, am (2-3) (3) 2
Yol. Wet Soil, V4, cc {6) =
Vol Dry Soil, ¥2* cc {7}
Wy = We  (4-5) {8
Vi-Vo  (67) %) 4y
W% ot Shrinkage Limit - .
(8) = (9x¥w) 0 - 5 10 20 2530 40 50
= No, of Bl
Shrinkege Ratio - (5+7) o. of Blows
*Determination Vg by Weighing
Wt. of Container + Displaced, Hg, am (A} | Mercury, Hg gm/cc =
Wi. of Container, gm (B} 62° F~68° F = 13.55 gm/cc
Wi, of Mercury, Hg, gm (A-B) (C) 49° F-72° F = 13.54 gm/cc
Vo* = C + Hg gm/cc (D) 73°F-82°F = 13.53 gm/ec
Shrinkage Shrinkage Shrinkage Plastic Liquid Plasticity
Limit Ratio Index Limit Limit Index
|
Request No. Lab Ne.

DWR 714 (Rev, 12/66)



State of Californic
THE RESCURCES AGENCY
DEPARTMENT OF WATER RESQURCES

SHL

Classification

Technica! Services Office
LABORATORIES BRANCH
S0ILS LABORATORY

—
Request No. 7 7’6 b
Lab No. CZ? (’/ 75’ ]

Date g/’(!l/ L

ATTERBERG LIMITS

‘Project

DWR 714 (Rev, 12/66)

Request No.

V-25~

Remarks
{Air Dried 71 In Sity [T} Oven Dried Tested By Jﬁ"/
PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 1 2 3 4
Mo, of Blows A0 2% 17
Centainer No. '}% /4’7‘ ’%6[ o0 //?
Wt. Container + Wet Soil, gm (1) ’l(ﬂ,ﬁf? i 25 ‘10 Qé/djg Zb.gﬁ 28./2
Wi, Container + Dry Soil, gm 2) 15,50k w,‘—("—{/ ‘Z—L‘E ]’7 13vbﬂj Z‘S:‘Bﬁ
W, Water, Ww, gm (1-2) (3)
Wt, Container, gm 4) /o, 77 /{‘?'—.-5,‘1’d [7.27 1 7ed! 25-67
Wt. Dry Soil, Ws, gm (2-4) (5)
Water Contert, W, % (3+5) x 100 ) (g, L !7,0 [21'0 4/ 17“2»
SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determinotion No. . ] 2z }
Container No. ‘ \\
- |Consistency, No. of Blows Y
Wt. Container + Wet Soll, gm {1 {{i ?
Wi, Container + Dry So'il, am (2) ‘;:-J )
Wt. Container, gm (3) E "\
Wi, Wet Soil Wy am (1-3) (4) ‘-: 1‘[_‘
Wt, Dry Soil, Ws; am (2-3) {5) -g &{[ 4“.
Vol. Wet Soil, Vi, cc (6) = ' 1
Yol Dry Soil, Va* (7) |
Wi Ws  (4-5) (B b
Vi-Vz  167) (9) o \
W% at Shr(ln)kagn(e%l:bllral)’r | . - S0 253 30 50
e e 100 = :
2 No. of Blows
Shrinkage Ratig — (5+7) _
*Determination ¥z by Weighing
W+, of Container + Disploced, Hg, gm (A) Mercury, Hg gm/cc =
Wi. of Container, gm (B) 62° F—68° F = 13,55 gm/ecc
Wt. of Mercury, Ha, gm (A-B) 9} 69: F—?Q: F = 13.54 gm/cc
Vz* = C + Hg gm/cc (D) 73" F-82°F =13.53 gm/IlCC
P
e | Rae | M TR -l B Y i

]

4

24

Lab No C?ﬁ

72




Stafe of Califsrnia
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESQURCES

Technical Sarvices Office
LABORATORIES BRANCH
SOILS LABORATORY

W25
97-7543

ATTERBERG LIMITS
= 1ES DEM

Project Request No.

Classification

Lab Ne.

Remarks

o B/UfTT.
/ T
% Air Dried "3 In Sity ] Oven Dried Tested By kéf;"j:/')j
) PLASTIC LIMIT LIQUID LIMIT /
Determination No. ] 2 1 2 3 4
No. of Blows 7% 22 2
Container No. % \/ = QL H
Wi, Container + Wer Scil, gm (1 24.9% Dip.lo] Z;f?b ' Z@,? 74 2424
We, Container + Dry Soil, gm (2) 2. s | S eAd 28, 13 2l Ol | 76 (o7,
Wi, Water, Ww, gm {1.2) (3)
Wt. Container, gm (4) )Q.D4’ [+.27 [Fe2- | 1.7 .50
Wi, Dry Soil, Ws, gm (2-4) (5) '
Water Content, W, % (3-5) x 100 6 | ek | WD | e 0l D0 0] g
SHRINKAGE LIMIT Flow Curve for Liquid Limis
Determination No. ] : 2
Container No.
Consistency, No, of Blows
Wi, Container + Wer Soil, am (
W1, Centainer + Dry Soil, gm (2) t Eis
Wt. Container, gm {3) § ‘\\
Wi, Wet Soil, Wy gm (1-3) {4) Y
Wi. Dry Soil, Ws, gm (2-3) (5) £ U
Yol. Wet Soil, Vy, cc ~(8) L 1
Vol. Dry Soil, V2* ce 7) |
Wy - We (4-5) (8)
Yi=Ve (&7} (9) .
WP at Shr(ig)kcg?gumi)f B s. 10 20 25\'30 40 50
____:(_S)ﬁﬁ_ 100=
Shrinkage Ratio = (5+7) No. of Blows
*Determination ¥z by Weighing ,
Wi. of Contalner + Displaced, Hg, gm (A} Mercury, Hg gm/cc = |
Wi, of Container, am ‘ (B) ‘ |62° F=68°F = 13.85 gm/cc
Wi, of Mercury, Hg, am (A-B) () 69° F-72° F = 13.54 gm/cc
Vo* = C + Hg gm/ce (D} 73° F~82°F = 13.53 gm/cc
| (L)
Shrinkage Shrinkage Shrinkage Plastic “Liduid Plasticiiy
Limit Ratio Index L[in&r %% Er:gdux
. P
Request No. qq_ 65 Leb Ne. ‘9‘7?—‘ ?%

DWR 714 (Rev, 12/68)



State of California Tachnical Services Qtfjee

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES LA?&E?{?@SSABTROARNYCH
ATTERBERG LIMITS
Project = | = = D&M Request Ne, ':' ' ’%5
Classification _ Lab Ne, 99\’759

Remarks Date @//2/99
: oy
@ Air Dried [ in Situ {71 Oven Dried Tested By /jfﬁj%ﬁ

N

PLASTIC LIMIT LIGUID LIMIT
Determination No. 1 - 2 1 .2 3 4
No. of Blows % 244“ }?
Container No. R' z I ul H‘
Wt. Container + Wet Soil, gm () 29.%% 20077 2@} %6 79, 772, 77090
Wi, Ccn‘l‘c.linér + Dry Soil, gm (2) L? 6 9 ?/?%4' LZ_?, %Z‘ Z,Q’ \fé(ﬂ Z"'ﬂ 90
Wi, Water, Ww, gm (1-2) (3) Wiz L % tol | 186 | %00
Wt, Container, gm (4) ]%‘u? ) 0% 1"}'%\ 16'§4‘ lq =
We, Dry Soil, Ws, gm (2-4) s | 440 P21 | §.0 $.51-| 0.5
Water Content, W, % (3+5) x 100 6 | (7] I’ Ne 2 A | Bl 4 | B D

SHRINKAGE LIMIT : * Flow Curve for Liguid Limit
Determinatien No. 1 2 ! |
Container No. . \
Consistency, No. of Biows ‘ }
W+, Container + Wat Soil, am (1) o
Wi, Conteiner + Dry Seil, gm (2) E 5%
W+, Container, gm {3) "g: \
Wi, Wet Soil, Wy, gm (1-3) () S )
Wt Dry Soil, Ws, gm (2-3) (5) 2
Vol, Wet Soil, Vi, cc (8) = AT T
Yol. Dry Soil, Y2* cc (7) ‘
Wi — We {4-5) . (8) .
Vi-Va  (67) 9 \
W ot Shr(lg)ka_g(eqbgm\:)f k&t 10 20 2530 40 50
BT 100 =
Shrinkege Ratio = (5+7) No. of Blows
*Determination Yz by Weighing
Wt. of Container + Displaced, Hg, gm {A) Mereury, Hg gm/ce =
Wi, of Container, am (B) 62° F68° F = 13.55 gm/cc
Wi, of Mercury, Ha, gm (A-B) (™) 69° F-72° F = 13.54 gm/cc
Vot = C + Hg gm/ce ) 73°F-82°F = 13.53 gm/cc
(Lr)
Shrinkage Shrinkage Shrinkage - Plastic 7 Liguid Plasticity
Limit Ratig Index Limit L imit Index

[l 24 10
Request No. &Q’?)é Lab No. C?L?"" 71:;;{;?
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State of Celifornia
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESQOURCES

. ATTERBERG LIMITS

Technizal Services Office
LABORATORIES BRANCH
SOILS LABORATORY

- R f}':
o ’(""\
" Project :_EZ 2'@ Reguest Ne. q P
2967 T A
Classification Lab Ne. fd ;’-{;ff‘?
Remarks Date Z;///}/fq
C\{é\ir Dried ] In Situ {77 Oven Dried Tested By pal //
PLASTIC LIMIT LIQUID LIMITY
Determination No. . ] 2 1 2 3 4
No. of Blows r’?‘fé 24 ?(}
Container No. . il 205 [H’gJ{ |17 59
Wi, Container + Wet Soil, gm 4B] 'lta'.?(g, ’197,_‘717 B3 1 7{7 Zb,‘gg
Wi, Container + Dry Soil, am (2) | 4%, 47 27-«&“! 271 ,q@ %97 2—% 4’8
Wi, Water, Ww, gm (1-2} {3) :
Wt, Container, gm (4) 1O 17 WA 201 /51 70 / él/r L&"{
Wr, Dry Soil, Ws, gm {2-4} (5) ;
Weter Content, W, % (3+5) x 100 (6) Qj, \ g ,{ 2| '¢1 %Z‘@ %L\( .
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determingtion Ne. ] 2z \\
Container No.
Consistency, No. of Blows i
Wt, Container + Wet 50‘11, am (M ?)Ll/ \
Wi, Container + Dry Soil, gm (2) ‘E )
W+, Container, gm {3) = :
Wi, Wet Soil, We gm (1-3) (4) v : ‘\
Wi, Dry Soil. Ws, gm {2-3) (5) g 2%
YVal, Wet Soil, Vi, cc (6) * '
Yal. Dry Soil, ¥z* cc {7)
Wy We (4-5) (8) \
Vi-Va [(&7) (9) 271, \3\
W% at Shrinkage Limit
(8) - 95w} 100 - s 0 20 2530 \io 50
2! . No. of Blows
0. 0
Shrinkage Ratio — (5+7)
*Determination Yz by VWeighEng
Wi, of Container + Disploced, Hg, gm (A) Mereury, Ha am/cc = -
Wi, of Container, gm (B) 62° F7—68° F =13.55 gm/cc
Wi, of Mercury, Ha, gm (A-B) \9); 690 F"72° F=13.54 gm/cc
Vo* = C = Hg gm/cc (D) 73° F-82°F = 13.53 gm/cc
Shrinkage Shrinkoge Shrinkuge Plastic Ll\qg-w.i’ Plasticity
Limjt Retio Index Limit Limit Index
. =% o
GG b5 GG
Request No. !f / -/) / Lab No. ;/J % té::'aw?
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State of Califarnia

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESCURCES

- ATTERBERG LIMITS

Tachnical Sarviees Offiae
LABORATORIES BRANCH
SOILS LABORATORY

9925

SIS Do

Project Reguest No,
Classification L.ab No. 99 "—:?'&Z
Remarks Date 5///99 :
%{?Air Dried 7 In Sit ] Qven Dried Tested By / : /
PLASTIC LIMIT LiQUID LIMIT \/
Determination No. ] 2 1 2 3 _ 4
No. of Blows _ _ A Z4 20
Container No. ai F2 =2 \// TDI'.?D
Wt Container + Wet Soil, gm (1) Z0. 2/ 2% iplp I 26 0 Zg: 54’ Z?“ "7'0
Wi, Container + Dry Seil, gm {2) ¥l "3{ % f SRR N 2 LY
Wi, Water, Ww, gm (1-2) ‘ (3}
Wt, Container, gm (4) ‘ /6% /72‘)2- jéfZ% l?' 04‘ 15(04”'
Wi, Dry Soil, Ws, gm (2-4) (5) -
Water Content, W, % (3-3) x 100 w | e A 1 Y LA | 229 | BUPD
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination Ne. ' | 2
Conteiner No,
Consistency, No, of Blows %7 |
Wt. Container + Wet Soil, gm () \
Wi, Contginer + Dry Soil, am (2) E \
Wi, Container, gm (3) "é e \
Wt, Wet Soil, Wi gm (1-3) (4) ¢ \
Wt_. Dry Soil, Ws, gm (2-3) {5) g i
Yol. Wet Soil, Vi, cc (8) = . : ]}
Vol, Dry Soil, V2* cc 7) Pl 1
Wy — We  (4-3) - (8
Vi =Va (67 (%) :
- — ; {
o) 10 A o e
: Bl - No, of Blows
Shrinkoge Reotio -~ (5+7)
*Determinction Yz by Weighing
W+t. of Container + Displaced, Hg, gm (A) Mercury, Hg gm/cc =
Y1, of Container, am (B) 62° F—-éB: F = 13.55 gm/cc
Wt. of Mercury, Ha, gm (A-B) (c 699 g“égo ; f ;gi;” gm;cc
Vo* = C + Hg gm/ec (D) 73" F~ = 13.53 gm/cc
i (@z,
Shrinkage " Shrinkage Shrinkoge Plastic Tiquid Plasticity
Limit Ratie |ndex Limit Limit |r§ex
PP/
Request No. gq/ 55 Lab No. ;Z//
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Stete of California
THE RESQURCES AGENCY
DEPARTMENT OF WATER RESQURCES

‘ Project 6//‘(3 QZW’;

ATTERBERG LIMITS

Request N

. Classification

Lab No.

Remarks

0.

Technical Services Office
lLABORATORIES BRANCH
SCILS LABORATORY

I35

79 -~

C\{Air Dried

Date g/}//{;f}f 17‘?

Ny
) In Situ . (7] Owven Dried Tested By f{"?f/
PLAST!C LIMIT LIQUID LIMIT M/
Determination No. 1 2 1 2 3 _ 4
No. of Blows %"’f' . L7L 15
Container No. /f/? X ] /45 I
Wt Container + Wet Soil, gm (1) | % %9 20, 5 24, ¢7 ‘8(7,7’% 2'7 05
- ot
We. Container + Dry Soil, gm (2) ZS’,‘;’D 2—8-98 (2*7\479(0 7, 1L 1+ S5
We, Water, Ww, gm (1-2) {3) : :
Wt. Container, gm W | 18,0 | 1878 | )Y 920 5% | 17,2
Wt. Dry Seil, Ws, gm (2-4) (5) :
Water Content, W, % (3=5) x 100 (6) 17.0 /Q’f{ﬂ % !rﬁ 3'2.1(0 6%0
SHRINKAGE LiMIT. Flow Curve for Liguid Limit
Determinction No. 1 2 3
Container No. al
Consistency, No, of Blows ji{ ‘1\
Wt. Container + Weat Sori|, am (M | \\
Wt. Container + Dry Soil, gm (2) = \
. ‘ 2 AsTT ‘
Wi, Container, gm o (3) g -
We. Wert Soil, Wi gm (1-3) (4) ©
Wi, Dry Soil, Ws, gm (2-3) (5) *f,-’ ;?
Vol. Wet Soil, Vi, cc (6) = 2 :
Yol Dry Seoil, Va* cc {7)
Wy —We (4-5) (8)
Vi-Va (67) §] 21 ‘s
W% at Shrinkage l.imit
g 10 20 2530 40 50
6)= (250 1. :
No. of Blows
Shrinkege Ratio — {5+7}
*Determination Yz by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, Hg gm/ec =
Wi, of Container, gm (B) : 62: F“()B: F=13.55 gm/crc
Wi, of Mercury, Ha, am (A-B) (< 690 F“720 F = 13.54 gm/cc
V¥ = C + Hg gm/cc (D) 73° F=82°F =13.53 gm/cc\
1 5 :
' Shri Shrink Plastic Liguid™" Plasticity
Sh;_linjr;iofge hggficlge rll;d:fe Limit Limit Index
3 fnt
] oyl [
{
Request No. / 7 20 Lab No. // /kz‘

DWR 714 (Rev. 12/66)




2rdte of Lalitarnia

. THE RESQURCES AGENCY
DEPARTMENT OF WATER RESQURCES

ATTERBERG LIMITS

1
Py
Project é;)/j%

Tachnical Sarvices C

LABORATORIES BRA,
SCILS LABORATOR,

nnnn

Request Ne.

DWR 714 (Rev. 12/66) .

Classification Lab Nb. 4
Remarks A Date g/%’/ /7 q
e,
71 Air Dried £ I Situ [ Oven Dried Tested By 7
PLASTIC LiMIT LIQUID LIMIT v
Determination Ne. 1 2 1 2 3 4
No. of Biows == _ Iz [ 5
Container No. j{ Y /:} ‘l /% g 2R,
Wt, Container + Wet Soil, gm (N 25,4 2—"{‘1141 U, 555 {24(’9!!7’1/ 7’5;’5?
Wt Container + Dry Soil, am (23 7Hi s 7, 56] 24,2% 'Z-JL'){’:,Ug 2. “’)‘4’
Wt. Water, Ww, gm (1.2) (3) 99 A
Wt. Container, gm 4 | 1818 805 117 95 T/652 2.0.78%
Wi, Dry Soil, Ws, am (2-4) ® | 641 | /.20
Water Content, W, % (345) x 100 {6) [ietp /(%‘? %/, L]L YN 5(9 *-!'
: SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination Ne. ] 2
Container No. l[_ ‘ : ]' 1
Consistency, No, of Blows ot X
Wi. Coritainer + Wet Soil, gm () Y
Wi, Container + Dry Soil, am (2} 'g \\’
Wt, Container, gm (3) g \
Wt. Wet Soil, Wy om (1.3) () S \
Wt Dry Soil, Ws, gm (2.3 {5) 42 "
Vol Wet Soil, V4, cc {6) =
Yoi. Dry Soil, Va* cc 7) w b
Wy~ We  (4-5) (8) TL L
Vi-VYz (67} (9) 5
W% at Shrinkage L.imit ey -
] 5 30 20 2530 ‘40 50
HERE AN =G 400 -
. of Bl
mwrinkcqe Ratic — (5+7) _ No. of Blows
*Determination V3 by Waighing
Wt of Cénhﬁiner + Displaced, Hg, gm (A) W Mercury, Hg gm/cc =
W, of Contciner, am (B} ' 62° F~68° F = 13.55 gm/cc
Wi, of Mereury, Ha, gm (A-B) (¢ 690 F‘72° F =13.54 gm/cc
Vo* = C + Hg gm/cc (D) 73°F-82°F = 13,53 gm{cc
i ﬂ/L"j
Shrinkage Shrinkage Shrinkage Plastic Liguid Plasticity
Limit Ratie index Limit Limit Index
17 =% b
{
‘7 R Onlg =7 s g,
Request No. ?‘” j:’/:” Lab Ne. / [




State of Califarnia
THE RESQURCES AGENCY

DEPARTMENT OF WATER RESOURCES

ATTERBERG LIMITS

Tachnical Services Offjee
LABORATORIES BRANCH
SOILS LABORATORY

Project éﬂ—g‘f;‘ DA'M Request Ne. W'25 '
C!ossificaﬂ.on Lab Ne. QQ"?{?‘?‘
Remarks Date 5/////?5

P@Air Dried [ In Site {7 Qven Dried Tested By \ @f

' PLASTIC LIMIT LIQUID LIM[T/
Determination No. 1 2 1 2 3 4
Ne. of Blows >0 ) L4
Container No. E P’% %] 4 1&4@‘ ﬁ’fA*Q?
Wt. Container + Wet Soil, gm W | Zgor. | 2535 | 2 | 210% |15 b
Wi, Contaliner + Dry Soil, gm (| 24 %o TH D6 LY G |27 6;?
Wy, Water, Ww, gm (1-2) (3) ‘
Wt. Container, gm (4) [=Rrle; 15,75 3.1 [2.5 [ (2.94
Ws. Dry Soil, Ws, gm (2-4) (5)
Water Content, W, % (325) x 100 6\ Tw | (7 | 4p | 4241 472.9.
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Determination No. ] 2
Container No,
Conslistency, No. of Blows A -
Wt. Container + Wet Soil, am {n
Wi, Container + Bry Soil, gm (2) <
Wt. Container, gm (3) g A%
Wi, Wer Seoil, ¥y am (1-3) (4) i
Wi, Dry Seil, Ws, am (2-3) (&) g .
Vo!, Wet Soil, Vi, cc {6) =
Vol. Dry Soil, Vz* c¢ (7 AL
Wy - Ws (4-5) (8)
Vi- V2  (67) ©)
W% at Shrinkage Limtt 4 , :
(8) = (Fx¥w) 8 10 20 2530 40 50
———-'-“-—'—(5) 100 =
Shrinkcae Ratio — (5+7) No. of Blows
*Determination ¥z by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, Hg gm/cc =
Wi, of Container, gm (B) 62° F—48° F = 13.55 gm/cc
Wt. of Mercury, Ha, am (A-B) (e 69° F-72° F = 13.54 gm/cc
Vaor = C + Hg gm/cc (D) 73" F-82° F = 13.53 gm/cc
(4
Shrinkage Shrinkege Shrinkage Plastic “Ligquid Plasticity
Limit Ratio Index Limit Limit [ndex
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State of Califarnia T i Servi ‘
THE RESOURCES AGENCY ‘ LEE%“éi"n’—oErs”a‘éeéROﬁfJé%

DEPARTMENT OF WATER RESOURCES S01LS LABORATORY
ATTERBERG LIMITS

Project 5/74;‘;- DW ‘ RequesT.No_ 79’}(

Classification Leb No. 7;?“759
Remarks ‘ Date @/{Z./??
.
@/ Air Dried 7 InSitu [} Oven Dried Tested By Pp&{/{
PLASTIC LIMIT LiQuID LIMIT
Determination No. 1 2 1 2 3 4
No. of Blows : Z5 1Y R HN
Container Ne, . /2] /4'}’[ /5 J \(42/
Wt. Container + Wet Soil, gm (1} 27' ;3 27» 46 77 /8 \\/ /
W+, Container + Dry Soil, am (2 25.5( Z§:. 65 Z—“f‘: 5‘? )K /\
Wi, Warer, W, gm (1-2) @ | (32 | J.21 | 2219 /A /AN
Wt. Container, gm (4) /7, Z; 20,77 /5:70 !/er 246* /7\
Wt. Dry Seil, Ws, gm (2-4) (5) - 59‘ St | 7'94 éﬂ/q I N / :
Water Content, W, % (3:5) x 100 o | /5t | o2 Do
SHRINKAGE LIMIT ' : : Flow Curve for Liquid‘ Limit

Determination No, ] y; '
Container No.

Censisiency, No. of Blows

Wt, Container + Wet Soil, gm (1}

Wt. Container + Dry Soii, gm (2) E

Wt. Container, gm (3) %

W, Wet Soil, Wy, gm (1-3) (4) L"_

W+, Dry Seil, Ws, gm (2-3) {5} g

Vol, Wet Soil, Vi, cc (8) =

Yol, Brv Soil, V2* cc 7

Wi w We  (4-5) . (8

Vi=Vz  (67) (%)

W% at Shrinkage Limit

(8) - (9x¥w) 5 e 20 2530 40 50
NG 100 = .
Shrinkage Ratie ~ [5+7) Ne. of Blows
*Determination Yz by Weighing

Wt. of Container + Displaced, Hg, gm (A} Mercury, Hg am/ec =

Wi, of Container, gm (B) 42° F-68" F = 13.55 gr/cc
Wi, of Mercury, Hg, am (A-B) (C} l69° F_72° F = 13,54 gm/cc

‘ (D) 73°F-82°F =13.53 gm/cc

Vo* = C + Hg gm/ee

)
Shrinkuge Shrinkege | Shrinkage Plastic Liguid “Plasticity
Limit . Ratio Index Limit L imit index

(5 27 22
77,;( L.al; No. 9?" 7@5/
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Stata of California
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Project 41@/6

Clossification

Technical Sarvizes O¥fjce
LABORATORIES BRANCH
SOILS LABORATORY

9G -2

ATTERBERG LIMITS

Regquest No,

Lab Ne.

&//2 [99

Remarks Date -
o
[V Air Dried 7] tn Situ [77] Oven Dried . Tested By @
PLASTIC LIMIT LIQUID LIMIT
Determination No. ! 2 1 2 3 4
No. of Blows @@ Z% }Lca
Container Ne. P[% Plg Z & P2
Wt. Container + Wet Soil, gm {1 5/-% 7 F 2 qu‘(ﬁ Ldﬂd/// 2? 2@
Wi, Container + Dry Soil, am {2) 7/3‘77% 15.91 |75 . Fe L%'Za L LoD
Wt, Watrer, Ww, gm {1-2) (3)
Wt, Container, gm 4) | |22 131 1904 Rwe | D2
W+, Dry Scil, Ws, gm {2-4) (5)
[ Water Content, W, % (3:5)x000 (&) | [7-9 3.0 [zl 29 0] Ll
SHRINKAGE LIMIT Fiow Curve for Liquid Limit
Determination Na. 1 2
Lontainer No.
Consistency, Neo. of Blows : ' \
Wi, Containet + Wet Soil, gm (1 ! \,
Wi, Cantainer + Dry Soil, gm (2) E \
Wt, Container, gm {3 E oo \
Wt Wet Soil, Wy, gm (1-3) (4} © \
W+, Dry Soil, Ws, gm (2-3) {5) *:;’ &9 \
Yol. Wet Soil, ¥y, cc (&) =
Yol, Dry Sail, V2F ce {7) # : \\
Wi — We {4-5) (8) &) \\
Vi-Vz (&7 1) —
W% ar Shl’(lé’l)}(ﬂg(egl;g:? Q)US 10 20‘2530 40 50
18/ = AZXE¥) aap - _
5) No. of Blows
Shrinkage Ratio — {527)
*Determination Yz by Weighing
Wt. of Container + Displaced, Ha, gm [4) Mercury, Hg gm/ec =
Wi, of Container, am 8] 62: i"?gz E = E;i gmicc
Wi, of M _Ha, ain (A-B (C) 69" - = 13,04 gm/cc
L of Mercury, Ho, om (A:2) o) 73° Fo82® F = 13.53 gm/cc

Vot = C + Hg gm/cc

e
oy
"L iquid
Limit Limit

ER
Requesrii‘;\lo. 4Q,55 Lab No. QQ— /17({;’{[

Plasticity
Index

41

Shrinkage Plastic

Shrinkage
Index

Limit

Shrinkage
Katio
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State of California - T ical Seryi i
THE RESCURCES AGENCY Lﬁé%né?&]%oajvggeéﬁgggéa
DEPARTMENT OF WATER RESOURCES ) . SOILS LABORATORY
ATTERBERG LIMITS

Progecr gi“;ég Requesf Neo. 7?"‘?)6«'
Clcssificlc‘rion ‘ | Lab Nao. 6? ‘? " M‘/}é"?
Remarks ¢ Date ﬁ/;%/g g;?

Ajr Dried L7 i Situ E] Oven Dried Tested By JQM
| CPLASTIC LIMIT | LIQUID LIMIT *~
Determinatior No. 1 2 ] 2 3' 4
Ne. of Blows L B 122 )
Contginer No, - ) &= [ E( Rz
Wt Container + Wet Soil, gm m | al.22 |zp.98 | 228 12799 | 2620
Ws, Container + Dry Seil, gm 2 W' Kl l&g | & 25, %41 7 ;4W 7 —g;qo
Wi, Water, Ww, am (1-2) (3)
Wt. Container, gm (4) /é' [( /"55“‘7 /¢,0'7‘4 /825 /[Gf (fLP
Wt. Dry Soil, Ws, gm (2-4) (5) ' ‘
Water Content, W, % (3+5) x 100 {(6) [/)4[ 11 .(‘f/ %\1@, 1 97%40! > %
SHRINKAGE LIMIT ‘ . Flow Curve for Liquid Limit
Determination No. ] 2
Container No. ‘ v
Consistency, No. of Blows zgg‘
Wt, Container + Wet Soil, gm (0 ' \
Wi, Ceptainer + Dry Soil, gm {2 - \
Wt, Container, gm - (3) % 61— \;
Wi, Wet Soil, Wi gm (1.3) (4) U._ : \
Wi, Dry Soil, Ws, am (2-3) {5) g ¥
Vol. Wer Soil, Vy, cc (6) = . Y
Yol. Dry Soil, Va* cc {7 31
Wi o Ws  (4-5) (8)
Vi o Va  (67) (9) \\:__
W% ot Shr(lg)kig?c;;zl; : e 16 20 2530 4y 0
=T 100 = : '
Shrinkage Ratio — (5+7) No. of Blows
*Determination Vo by Weighing
W+, of Container + Displaced, Hg, am (A) Mercury, Hg gm/cc =
W1, of Contalner,_gm (B 62° F-68° F = 13,55 gm/cc
Wt. of Mercury, Mg, am (A.-B) (C) 49° F-72° F = 13,54 gm/cc
Va* = C + Hg gm/cc : (D) 73° F~82°F = 13.53 gm/cc
Shrin!;.cge Shrinkage Shrirkage : Plastic Liguid Sasticity
Limit Ratig Index Limit Limit Index

7] 2 | |4

1
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State of California ‘ ‘ Tachni Sarvi ,
THE RESQURCES AGENCY L:éonéi\c%ogﬂvégeéi?oﬁméﬁ
DEPARTMENT OF WATER RESQURCES . SOILS LABORATORY

7 ATTERBERG LIMITS
Project Zikes I)W Request Ne. 99-3¢
Classification — Lab Ne, 99748
Remorks _ - Date 5://7’/77
[Z(Air Dried [T In Site [] Oven Dried Tested By W{T'

PLASTIC LIMIT LIQUID LIMIT
Determination No. 1 2 ] 2 . 3 4
Neo. of Blows ' 53 Z3 /.g
Container No. . /43 //7 J o) X ,)/
Wt, Container + Wet Soil, gm N | ZZ. 3z 2@‘35 s 87 27, 32_ Zloi bR
Wt. Contaiger + Dry Sail, gm o | Fl T 25 .5 || 27, ?4 %, W, | B3l
Wi, Water, Ww, gm (1-2) (3) [ ] D { e8 Z.75 | 29 ¢ 207
Wt. Com‘ainer, am (4) /4’:‘7/ /5'04 /Z// /39,7C§ /ﬁ«d(
W, Dry Soil, Ws, gm (2-4) s | 731 724 | 583 560 | 5.5
Warer Content, W, % (3:5) x 100 ()| /&8 | /4.9 o6 | 529 | 552
SHRINKAGE LIMIT - Fiow Curve for Liquid Limit
Determination No. 1 2 ‘
Conptainer No. : LY \\
Consistency, No. of Blows )"
Wi, Container + Wet Soil, gm {1 5% \
xf. Contain'er + Dry Scil, gm {2 :5 <4 \
t. Container, gm (3) =
Wi, Wet Soil, Wy gm (1-3) (4) Uh 53 ¥
Wi, Dry Soil, Ws, gm (2-3) (5 £ ‘
Vol. Wet Soil, Vi, cc (6) = 52 N
Yol, Dry Soil, V2* ¢c (7) &/ 1
Wi —We  (4-5) (8) )\
Vi=-V¥z (67} (9) [-ve)
W% at Shrinkage Limit
(8) - (9)(3“,) 100 = 5 10 20 2530 40 50
(5) .
Shrinkoge Ratio < (5:7) No. of Blows
*Determination ¥z by Weighing
Wt. of Container + Displaced, Ho, gm {A) Mercury, Hg gm/ec = |
W+, of Container, am (B} : 62° F—68° F = 13.55 gm/ce
Wi, of Mercury, Ha, am (A-B) {C) 49° F-72°F =13.54 gm/cc
Va* = C « Hg gm/cc (D) 73° F—82° F = 13.53 gm/cc .
1 CH >
1 Shrinkage Shrinkage " Shrinkage Plastic Liquid “———Pldsticity.
Limit Ratio Index Limit Limit index

| 1S | 52 | 37
7935 b no DTS

Request No.

DWR 714 (Rev. ?2/66)



State of Califarnia Tachnical Sarviees Offies

THE RESQURCES AGENCY ABORAT
DEPARTMENT OF WATER RESOURCES ) SOiES.LoARBigs;ﬁ\BTRDARNYCH

o . ATTERBERG LIMITS

P I
Proiec? L;)[s {)§ Request No. qg/ %’5
Classification : Lab No. W _.,/Z@ q
Remarks Date 53//}/‘;7{)

- 5
Ea/Air Dried CJ In Situ ™ Oven Dried Tested By @fﬂz
PLASTIC LIMIT LIQUID LIMIT \/
Determinatior No. ] 2 ] 2 3 4
No. of Blows % % ‘ +
Centainer No. \/ L A 1)'? 2.\
Wi, Container + Wai Sail, gm )| DR | 2208 | 2275 29.23 | 1479
Wi, Container + Dry Soil, gm {7) e .50 |20 Fi- T o0 | Iz 47} 7,6 54
W, Watrer, Ww, gm (1.2) (3)
Wi, Contciner, gm (4) /75’—?— /? 5{ /54 6.4' /962—- /64&?
Wt. Dry Soil, Ws, gm {2-4) (5) | : \
Water Content, W, % (3+5) » 100 {8) ,’7"0 .7 %ﬂ'@ o | Bl 1
SHRINKAGE LIMIT g Flow Curve for Liguid Limit
Determination Ne. 1 2 : —t
Container Ne. \
Consistency, No. of Blows Al \
Wi, Container + Wet Soil, am ‘ h \
Wi, Container + Dry Soil, am {(2) = \
Wi, Container, gm (3) % 7
Wi, Wet Seit, Wy, gm (1.3} {4) Li \
Wi, Dry Seil, Ws, gm (2-3) {5) g 9‘3 §
Yol, Wet Soil, ¥y, cc {6) =
Yol Dry Soil, Vao* cc {7) . \
Wy = W (4:5) (8) 77 A
Vi=Vz  (67) {9)
W% at Shrinkage Limit EYs .
(8) - (QXB’W) 100 = 5 10 ) 20 2530 40 50
(5} ¢ &l
Shrinkage Ratie — (5+7) N?' ° ows
*Determinction ¥ by Weighing
Wt. of Container + Displaced, Hg, gm (A) Mercury, He gmiee =
Wt of Container, gm (B} 62° F-68° F = 13.55 gm/cc
Wi, of Mercury; Hg, am (A-B) (o)) 69° F_72°F =13.54 gm/cc
Vet =C + Hg gm/cc ) 73° F—82°F = 13.53 gm/cc
| (B0
Shrinkage Shrinkage Shrinkage Plastic Seiquid Plosticity
| Limit Ratio Index Limit L imit _Index

l | | 7 122 | 1
Request No. &4"5 (---Lab No. ci?(/_h 4& 9,,)

DWR 714 (Rev. 12/66)



" State of Californic Technica! Services Office

THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES ‘ LASBOOIE}S\I.?A%[OEFEABTROARNYCH

ATTERBERG LIMITS

Project A//;é.é ‘ Request No, 9 7’%6
Classification ‘ Lab No, C? ﬁ’/; 7@
Remarks : Date y//z“/??

‘ e
(V1 Air Dried L7 In Sity 7] Oven Dried Tested By L)ﬂ,,?/
-
PLASTIC LIMIT LIQUID LIMIT v~
Determination No. : ‘ ] 2 1 2 3 4

No, of Blows r ZE
Centeiner Ne. { I:/“6 jL,L‘-—/‘ /?5
Wt. Container + Wet Seil, gm ] 2. 57 L2, | 18

(1 '
Wi, Container + Dry Soil, am (2) 1@_, & 21,578 176 4
Wi, Woter, Ww, gm (1-2) (3) '

1Wt. Centainer, gm (4) 0.2 |15 B¢ | (6563
Wt. Ory Soil, Ws, gm (2-4) (5) |
Water Content, W, % {3+5) x 100 (6) lqtj /C-//’Iﬂ 977),[1/
SHRINKAGE LIMIT : Flow Curve for Liquid Limit
Determination No. ] 2 ‘ :
Container Ne.
Censistency, No. of Blows
Wt. Container + Wet Soil, gm (1)
Wt, Container + Dry Soil, gm (2) =
Wt. Container, gm o {3} %
Wi, Wet Soil, Wy gm (1-3) 4) e
Wi, Dry Soil, Ws, gm (2-3) (5) 2
Vel. Wet Soil, Vi, ce (6) =
Vel Dry Soil, V2* cc 7
Wi—Ws (4-5) (8)
Vi-Vz  (67) )
W% at Shrinkage Limit
(8) - (9x5w) 150 5 10 20 2530 40 50

(9)
Shrinkage Ratio = {5+7] _
*Determination Yz by Weighing

No. of Blows

Mercury, Hg am/cc =

Wi. of Container + Displaced, Hg, gm {A

)
Wi, of Container, am {B) 62° F-68° F = 13.55 gm/cc
Wi, of Mercury, Ha, gm {A-B) (C) 69° F-72° F = 13.54 gm/cc
Vo* = C = Hg gm/cc (D) 73° F~82° F = 13.53 gm/cc
Shrinkage Shrinkage Shrinkage Plastic Ligquid | Plasticity
Limit Ratic Index L imit Limit Index

1] 2% [{p
Request Ne. ﬁ\?’%g Lab No. ?9’" 773

DWR 714 (Rev, 12/66)



State of California
THE RESOQURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SHs

Classification

Technical Services Office
LABORATORIES BRANCH
SQOILS LABORATORY

ATTERBERG LIMITS

Reque_s‘r No,7?f25”
Lob o ZPT TS
Date 8"//&/%“@

Project

Remarks ’
J] Air Dried (7] In Sity U7 Oven Dried Tested By D/(f

PLASTIC LIMIT LIQUID LIMIT Y
Determination No. ] 2 1 2 . 3 4
No. of Blows %5 Z/g
Container No. //q : /['%a Z5 | /L/'/
Wt. Container + Wet Scil, gm (1) Q[pi ?{ Zlk v3 24"76 20,[5
Wi, Container + Dry Soil, am Q) | 2518 | T4, 6? L 94 |27 e
Wt, Water, Ww, gm (1-2) {3 }
W+, Container, gm “) /C?t' 57 /[/r?g /7(20 /7;//
Wi, Dry Scil, Ws, gm (2-4) {5)
Water Content, W, % (3+5) x 100 {6) 2.0 &P (Z;%;(a Qﬂ.@

SHRINKAGE LIMIT Flow Curve for Liguid Limit
Determination No. ] 2
Centainer Ne.
Consistency, No. of Blows
Wt. Contairer + Wet Soil, gm ()
Wi, Contairer + Dry Soil, gm {2) E
W1, Container, gm (3) §
We. Wet Soil, Wy, am {1-3) {4) (-‘J_
Wi, Drv Soil, Ws, am (2-3) (5} %
Vel Wet Sail Vy, cc (6) =
Vol, Dry Soil, V2* ce 7
Wy - We  (4-5) (8)
Vi~ ¥z (6-7) (%)
WP at Shr(ig)kig?gi—gr\:,l; 5 10 20 2530 40 50
. R . No. of Blows - .
Shrinkage Ratic = {5+7)
*Determination Yz by Weighing
Wt. of Container + Disploced, Ha, gm (A) ] - . Mercury, Hg gm/ce =
Wi, of Container, gm (8) ‘ :2Z ;—-?g: FF; = igii gm?cc
- =13, m/ec

Wt. of Mercury, Hg, gm (A-BY Eg; 720 E g2 F 1353 :m/cc

|Va* = C + Hg gm/cc

¢

Shrinkage Shrinkege Shrinkage Plastic Liquid Plasticity
Limis Ratio Index Limit Limit lndex
| 20 (o

Request No. @qj;g Lab Ne. ???L 77/f

DWR 714 {Rev, 12/66)



State of California
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESCURCES

Technica!l Services Offige
LABORATORIES BRANCH
SOILS LABORATORY

Eries

Project

ATTERBERG LIMITS

7925

Request No.

Classification

Rl
Lab No. 75— 77

Remarks 7 Date 8//%/77
o/] Air Dried (77 inSitu " Cven Dried Tested By :Dﬂ?,

DWR 714 (Rev, 12/68)

PLASTIC LIMIT LIQUID LIMIT -
Determination No. 1 2 1 2 3 4
No. of Blows 75
Container Ne. 102 oD 657
W1, Centainer + Wet Soil, gm (n 1%. 60 a2 51 }5,70
Wt, Container + Dry Soil, gm @ | 22871605 | 1594
Wi, Water, Ww, gm (1-2) {3)
Wt. Container, gm (4) ) L3 4037 / 5./
Wt. Dry Soil, Ws, gm {2-4) (5) ' X
Water Conten, W, % {3+5) x 100 (6) | ‘:)/{%) ; {fﬂ,(}/ 6 Lk» 5
SHRINKAGE LIMIT Flow Curve for Liquid Limit
Datermination No. 1 2
Contairer No.
Consistency, No. of Blows
'Wt. Container + Wet Soil, gm 1)
W+, Container + Dry Soil, gm {2) E
¥t, Centainer, gm {3) %
Wi, Wet Soil, Wi, am (1-3) (4) L‘-’_
Wi, Dry Soil, Ws, gm (2-3) (5) £
Vel, Wet Soil, Vi, cc (6) =
Vol, Dry Soil, V2% cc (7)
Wy — We  (4-5) {8)
Vi - Vo  (6-7) {9)
W% at ShrigkagegLimi)f : - prarTrra)
{ )-(g)xb’w 100: .
Shrinkage Ratio = (5+7) No: of Blows
' *Determination V2 by Weighing
Wt of Container + Disploced, Hg, gm (A) Mercury, Hg gm/cc =
Wi, of Container, am {B) £2° F-68° F = 13.55 gm/cc
Wi, of Mercury, Ho, am (A-B) Q) 65° Fu72°F = 13.54 gm/cc
Vo* = C + Hyg gm/ce (D) 73°F-82"F = i3.53 Qm/cc(cy
Shrinkage Shrinkage Shrinkege Plastic Liguid Plasticity
Limit Ratio Index Limit Limit Index

20

lp | 54

Request No, 7\4’% é/)ﬂ_. Lub No. ‘c?q“" 77 ?—



State of California Technical Services OHice

DEPA F-?r'?l\f Eiﬁrsg g RWCAETSETQGFQE?;OYU RCES - ASBSJI E SATIZ.?RRBICE)‘:ES ABTRDARNYC "
' ATTERBERG LIMITS
brofect (TS TOAM Request o 9-25
Classification Lab Ne. q q -3
Remarks Date //é//qq
Ej/Air Cried T In Situ "] Oven Dried Tested By \{L{Mi) P
PLASTIC LIMIT  LIGUID LIMIT - /
Determination No. . ] 7 ] 2 3 4
No. of Blows %% Lt Z%
Container Ne. : j‘J';f 45 %A@ éﬁjﬁ:’[ < 5"-11;{.2’&5 —"Fh 4’4’
Wt. Container + Wet Soil, gm W | 290l | 5240 0 LETFY) | Le O L LA L9
Wi, Container + Dry Soil, am (23 126.049 i ey~ 25 6% Z% D Z/ ??
W, Water, Ww, gm (1-2) (3) |9y | 139 7941 1.96%F .30
Wt. Container, gm 4 | 2057 |@6 | 16@@ (55 !Gé‘{"
Wi, Dry So |, Ws, gm (2-4) - (5) 2571 130 .95 <] s
Water Content, W, % (3+5) x 100 (6) 0.0 \gq.= 4.5 42, 1| 4R 9
SHRINKAGE LIMIT ‘ Flow Curve for Liquid Limit
Determination Ne. ] 2
Container No, .
Consistency, No. of Blows
Wt, Conteiner + Wet Soil, gm (1)
Wt. Container + Dry Seil, gm (2) x M 4
Wt. Container, gm (3) "g \
Wi, Wet Soil, Wi am (1-3) (4) b y
Wt Dry Soil, Ws, am (2-3) (5) £
Yol Wet Soil, ¥y, cc (6) E o
Vol, Drv Soll, ¥a2* cc (7} \
Wi- Wy  (4-5) (8) \
Vi-Vz  (67) 9) 3
W% at Shrinkage Limit , /}?f ' - \
(8) — (Oxyw) 5 10 . 20 2530 40 50
T 100 =
Shrinkege Ratio — (5+7) lNo. of Blows
*Determination Y3 by Weighing
Wt. of Contairer + Displeced, Hg, gm (A} Mercury, Hg am/ce =
Ws. of Contoinar, am (B) 62° F—68° F = 13.55 gm/ce
Wi, of Mercury, Ha, om (A-B) \9) 69° F-72° F = 13.54 gm/cc
Vo* = C + Hy gm/ec (D) 73° F-82° F = 13.53 gm/cc

o)
Shrinkage Shrinkage Shrinkage Plastic . “Liguid Flasticity
Limit Ratie Index Limit Limit index

o | AN | A
o | Reques;tNo. 5}@'%9 Lab Ne. 7773

ey

“BHR g, (Rov. 12/66)



State of California

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESO

SPECIFIC GRAVITY TEST FO

Project

URCES

]
]

i

‘Technico"! Services Qffice
LABORATORIES BRANCH
| SOILS LABORATORY

R SOILS

Re'quesif Ne. ?3 «/g
La:b No ?28 ~e7

Classification

o5 ]/2/78

Tested lBy pWT

Fiask Ns.

[ =

Temp. &,

28

Wt, Tare + Dry Soil

Zi2.5/

Wt. Tore 170,46
Wt. Dry Soil (Wy) 0z.08
Wi, Flask + Water (W,) &1 94
W + W, 7%69.99
Wi Flosk + Water + Dry Soil (W) 7Z3,28
Wot W, W, %067/ Gs
Specific Gravity :W__.\_V_s__ = (Gg) 7. 78 ¢ ‘
s +W =Wy !
% COMBUSTIBLE ORGANIC |  Remarks:
: “ L
Date | Teste& By. '§E ‘i ?
Trial l | 8t
| N ouT N oot |l N | out
Time BRI
Wt. Container + Oven Dry Soil (1} f , ;; ? .i 31 ‘1§ . E
Wt. Centainer + Burned Soil (2) i { . : .
Organic Loss {1-2) (3) e
Yt. Container (4) ‘
Wi of Oven Dry Soif (1-4)  (5) | |
% Organic {3+5) x 100 y ’ ] o
- Request Noi& : chb N:ﬁ‘\?ﬁ ’/57
DWR 713 {Rev, 4/66) ' | v 0 )



State of Colifarnio

THE RESOURCES AGENCY

DEPARTMENT OF WATER RESOURCES

b | .
SPECIFIC GRAVITY TEST FOR SQBLS

Project

i
i
i
|

iTechn‘rcal Services Office
LABORATORIES BRANCH
i SOILS LABORATORY

i

Reguest No. 48 "/(9
LobNo.__F B~ /68

Clossification

Dﬁf; i é’:/Z——@/‘?g

Tested By S’Q?’?v/’{:}v’

Flask Ne. /&
Temp. °E, 78
W1, Tare + Dry Soil 279, 8|
Wi, Tore 112.45
Wr. Dry Soil (W) /00:3(,
W, Flask + Water (W,) 674 .80
| W + W, | YA
Wt. Flask + Water + Dry Soil (W) T4 27
We W W, ?fa g? i Gs
Specific Gravity H-"f——- = (Gs) 7. 794
s+W -, : i
% COMBUSTIBLE ORGANIC - Remarkd: -
Date Tested By I
Trial ! I ! 3
N oUT 4§ N L ouT IN our
Time | [
. 1 1
Temp. | | o
Wt. Container + Oven Dry Soil (1) ii | TE
Wt. Container + Burned Soil  (2) | e
Orgonic Loss (1-2) () | ‘ , 1 %
Wt. Container (4) ‘ :i ! N
We. of Oven Dry Soil (14)  (5) | TN
- % Organic (3+5) x 100 |

DWR 713 (Rev, 47/86)

i i |
Request No.ﬁ_’ﬁ/ﬁi iLugEN;s ?8*//@8




State of California
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES

SPECIFIC GRAVJITY TES

Project

i
1
|

i
[

|
]

SO
T FOR SOILS |

Reﬁqdesz} Na.

ool §
i | [Teehniedl Services Office
‘ { LABORATORIES BRANCH
i1 [ SOILS LABORATORY

i

Ge-/8

LabNo_FB(ET

5/24/28

DWR 713 (Rev, 4/46)

Classification Date,
Teisfed tBy ‘ %;%/7»
Flask No. -7 'E - 3
e 22
Wi, Tare + Dry Soil 27/ G
Wi Tore | |/ 7247 | :
Wt Dry Soil (W,) 2944
Wi, Flask + Water (W.) 649,81 i
W, W, | 769.2 il :
Wi. Flask + Water = Dry Soil (W) 727,57 |
We #¥ W, | 35.74 | . Gs
W, | | |
Specific Grovity :m = {Gg) : 2‘734 :: - i
% COMBUSTIBLE ORGANIC  i|  Remarkk:
Date jTested By I : ‘ ]
Trial o] 20 3
IN oliT IN: fout || in ouT
Time IR N
Temp, ] i
Wt. Container + Oven Dry Soil (1) ' I 1 | '
W:. Containel + Burned Soil_ (2) | i§ X ]
Orgenic Losé}('l-?) {3) ‘ ] |
Wt. Container (4) | N J L |
Wt. of Oven S.ry Soil (1-4) __ (5) | | | IR IS
% Organic (3+5) x 100 | o I
T R T i
. Request No?ér/d? Nc ?{éf ’/6—:7



State of Califernia
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESQURCES :

SPECIFIC GRAVITY TEST FOR

Project

Clossification

| :TBiChniC(::‘:l Ser‘vicas QOffice
LABORATORIES BRANCH
i SOILS LABORATORY

SOILS
L

Req'u;es;r Neo. ,C/;g '"/59
Lab No; ?g "/,,S.f '

Da:tef ' -E-i// Z&ﬁ{/ ‘?ﬁ

Tes ted By Vp%! :?”

. Flask No. 0/
Temp, & - 28.¢5
" Wi, Tare + Dry Soil Z7Z,89
Wi Tore . (7286
Wr. Dry Sofl (W) 99 .,2%
Wi Flask + Water W,) Lo, 46 ‘
He o ¥y Teq.e2l |
Wt. Flask + Water + Dry Soil (W) 734, | l : ,
Ws 14 W, " 35.53 | i . 6,
Specific Gravity :;Y____Vjs__‘ = (Gg) 2,793 ' 1 |
s W 2-W, : i g
% COMBUSTIBLE ORGANIC i Remarkd: |
Dite ?ITesfed By i :
N ouT N fdour | e T ot
Temp, | ﬁf 5 v !
Wt. Container + Oven.Dry Soi} (1) ' |
Wt. Container + Burned Soil  (2) i) - oo
Organic Loss (1-2) LG r
Wt Container (4) i i_ { |
We. of Oven Dry Soil (1.4) © (5)]. - i B |
% Organic (3+5) x 100 | . | H 1
1 Request &o.z I LEJL:) Ncé ?f?/m
DWR 713 (Rev, 4/66} ‘ | |



State of Califarnia
THE RESOURCES AGENCY

DEFARTMEMT OF WATER RESOURCES

Technical Services Office
LABORATORIES BRANCH
SOILS LABORATORY

SPECIFIC GRAVITY TEST FOR SOILS

21 4es

Project

- Lab Ne.

Classification

Request Ne. (?Qﬂ 5/

77147

Sove T/HTT

Tested By W{T

Flosk No. 7
Temp. °& 2y
Wit. Tore + Dey Soil 272,48
Wi, Tare T2 48
Wi. Dry Soil (00 .0
Wi, Fiask + Water G70:08
W + W, _ 770‘a8
Wt. Flask + Water + Dry Soil (W) 733,64
We W, W, Zéa 4‘4 Gs
Specific Gravity :m = {Gs) 2, -74, :
T % COMBUSTIBLE ORGANIC Remarks:
e 41519 ostoc by DM
et L 1 2 3
IN ouUT IN ouT IN ] ouT
Time
Temp.

Wt. Container + Gven Dry Soil (1)

47.89

Wt. Container + Burned Seil  (2)

47, /0

Organic Loss (1-2) 3) 15
Wi, Container (4) 2’5’ g‘?
Wi, of Oven Dry Soil (1-4) () [9.0=

% Organic (3+5) x 100

3.9

DWR 7313 (Rev. 4/66)

7 Request N;.iq_'_gi__ Labk No, ?4”/4/‘?



State of Coltfornia
THE RESCURCES AGENCY
DEPARTMENT OF WATER RESOURCES

Technica! Services Office
LABORATORIES BRANCH
SOILS LABORATORY

SPECIFIC GRAVITY TEST FOR SOILS

Siex

Project

Classification

77-57

Reguest No,

Lab No. 77‘/?23

Date q//%/‘??

Tested By ?;{4?

DWR 713 (Rev. 4/66)

Flask No. Za
Temp. & 275
Wt. Tare + Dry Soil 27795
Wi. Tare 179.04
Wi. Dry Soil (W) 2291
Wt. Flask + Weter (W, ol ST
W W, 769,47
Wt. Flosk + Water + Dry Scil  (W,) 7355/
W W, 23.9b Gs
Specific Gravity I@Zﬁv}: = (Gg) Z, 74
T % COMBUSTIBLE ORGANIC Remarks:
Date 4// ;/?\f’? Tested By W T
Trial "% 2 1 2 3
IN ouT IN ouT IN ouT
Time
| Temp. '
Ws. Container + Oven Dry Soil (1) g4, 44
Wt. Container + Burned Soil _ (2) 43,78
Organic Loss (1-2) 3 C T
Wt. Container (4) 27 39
‘Wt. of Cven Dry Soil (1-4) _ (5) (7. 1O
% Organic (3+5) x 100 4.2
Request No. 7= Lab No, P~/ S 20



APPENDIX C

IMPERVIOUS MATERIAL
CLASSIFICATION, GRADATION, ATTERBERG LIMITS, SPECIFIC GRAVITY,
AND COMPACTION TEST RESULTS FOR USBR SAMPLES



FORM T- 1365 e
[5—62} ‘ HYDROMETER ANALYSIS SIEVE ANALYSIS
BUREAY OF I e TIME READINGS U, S, STANDARD SERIES & CLEAR SOUARE OPENINGS
RECLAMATION uosmrf WY GOMIN IMIN  GMIN _ EMIN  *20n %00 %50 "a0%30 4 fng ui " P " O
- 1001 Ll ___L T -
4 -
o - T
= [0 — p— T
. v 80 ' = t
n + }
l.‘—" —_;/ L + ; -
=N 70 - : i 30
g = : == g
£ g A= y : |
x| =0 y ! T a0 E
o - T z
ol 2 ; I [
o« T
x| & : I w
o 50 " 1 50 &
[=1 - T pu—
- o= I | [
= | o f g
il I goid
& 4 =
] m m
o
b . o &
: f
I
f 20/ + [:[a]
I
H 1 1
- M 11
- ; 10 i : 90

F-v. ° 1 1 LTI | 1 T O] i L L I P LT 1 I 1 TR [T+ls}

H foiell o0z 005 009 019 037 074 JA4G 297 1.590 Lis 38 47 9.52 124 38.1 762 1271 200

f f DIAMETER OF PARTIGLE IN MILLIMETERS ~ 52

- i SAND 4 CRAVEL
GLAY [PLASTIC) TO SILT INON-PLASTIC) + FTAE T ERRSE T FNE | CORASE —|COBBLES

f - T MOISTURE-PENETRATION RESISTANGE CUAVE | T GRAVEL....... ......,__Q__Vn

i 2BO0E—— = : — SAND. v D%

! = n " t + g t T
L = — — : : . sirToctav.... 9L %

P a00f—s T :
il ! = :
FErLh == : i :
Bao00f : - '
g ! : : : ——— STANDARD PROPERTIES SUMMARY
11800 ' :
- w : — ; : CLASSIFICATION SYMBOL fand 4
1600 —+ - z : : -
g : . - SPECIEIC GRAVITY _Ze7
. 43 1400 e oot + : T - : ]
‘ R 1200 : ve— ! ATTEREERS LIAITS
W + .
c=u:o — : — . . LGUID LIMIT 4,{&
< * = T ; : - ) . P
= z T ‘ : BLASTICITY INDEX o T
£ sov : ; : = ‘
- - — — : SHRINKAGE LIMIT 7.0
‘é‘ 4 ‘ J -— . : COMPACT ION
& 00 ; ; : * : % LARGER THAN TESTED—mmm—mm
= e : = -
P — i = i S v MAX. DRY DENSITY (PL.F) e
s ) s 20 26 g
MOISTURE — PERCENT OF DRY WEIGHT OPTIMUM MOIST. CONT (%)

; O TETORE—DRY DERSITY GURVE || THEORETGAL CURVE AT COW- PENETRATION RESIST, (RSLh—m

H PLETE SATURATICNINGVERALS .

b MNOICATE PERCENTAGE OF NT

; R oe Scapen ov PERCOLATION SETTLEME

: . WATER ie. T VOIDS ! . BLAGEMENT CONDITION oo
£ PERM EABILITY (FT/YRY o e
3 : SETTLEMENT (%) UNDER '

' & P&l LOAD S
[%

d .

{ 3 NOTES! . — -
> e ————— e ———— e
=
m .
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APPENDIX D

IMPERVIOUS MATERIAL
PERMEABILITY TEST RESULTS FOR DWR SAMPLES



STATE GF TALIFOBRNIA

THEZ RESCGURCES AGENCY

DEPARTMENT CF WATER RESOURCEE

ASTM D5084-80: PERMEABILITY
"Ealiing Head Test - (Method C)"

DIVIEIQE CF RESIGH AND

CONSTRUITION

clviL DESIGH BRANCH

BRYTE SOILE AND CONCRETE LAE

BEFORE AFTER AFTER
. : CONS. CONS. TEST
PROJECT: Sites Dam SAMPLE LENGTH, L (cm) 15,25 - 15.30 152
REQUEST -ND. 8-51 SAMPLE DIAMETER, D (em) 744 7.04 7.44
LAB SAMPLE 88-1418 SAMPLE AREA , e’ 4D.04 40,04 40.04
HOLE NO, PEE" composiie SAMPLE VOL., em® 810.680 §12.52 a1
F.8, NO. : ALz DD . 082
DEPTH: 5 feet Abem 8.060
ViS, DESCRIPTION: Lean clay TEMPERATURE, °C 22.0 '
TEMP. CORRECTION 0.956
CONSOLIDATION STRESS {kso) C.50
Burstte | . Burstle | Added inflow o ‘ . Elapsad -AVERAGE | PERM
TIME | Reading | HReading | Pressure | Outfiow ‘ iog Time - . "GRADIENT | RATE _}
{sec) 1 "INM MOUT" "IN Rate Ratio | Ny b {hefhy) t {s88) . ho/tiy ink. (h1+n2)yaL | kepmero/ses
0 - 48,1 0.5 108 I '
808040 48,7 341 108 D.16 1535 | 1805 | ©.0191 - EDED4D 088 8.94 6.8E-08
Aversge | 1535 | 1308 1 D.O0IM 508040 698 .84 5.0E-05
. Burstte | Burette Added | Inflowto Elepead T AVERAGE |° PERM
TIME | Resding | ‘Reading | Pressure | Ouffiow . ‘ : Time GRADIENT |  RATE
{s&c) "iNY “ouT" “wN' | Rate Ratio | by by | in fheing t (seo) hofhy Init, - | (hi+h2)y2L |~Kegzomise
] 48.7 =X 289 ‘ o :
342360 482 8.8 C 280 068 - | 3055 | 2864 | (0205 342360 0.98 - 18.77 1.1E-08
1 Average | 3056 | 2094 | 00205 342360 0.98 18.77 1 4E-08
Burette Buretie Added infiow to Elapsed | AVERAGE | PERM
TIME Reading Reading Prassure Qutflow Time ‘ GRADIENT RATE
" (sec) "N "ouUT" "IN Rate Ratio | hy hy 1 {hafhz)  (sec) hfhiy 1. (hi+h2)/2L | Kemomisso
0 48.2 8.8 420 o '
245360 47 . 12.8 420 0.97 4584 | 447.3 | C.0254 345880 0.57 29.65 1.3E-0¢
. Average | 450.4 | 4478 | 0.0254 345880 0.67 28.65 1.3E-08

Al
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PERMEABILITY

LAB SAMPLERS-1418 |
HOLE NO. "GG"
F.S NO.

DEPTH: 5 feet

0 § 10 15 20 25 30 35

AVERAGE GRADIENT

DEPARTMENT OF WATER RESOURCES PRM-1410 Charl 4
BRYTE SOILS AND CONCRETE LAE 10649701



ATE OF CALIFORNIA

THE RESOURCES ABENCY

DEFARTMENT OF WATER REEDURCES

ASTM D5084-80: FERMEABILITY |
"Failing Head Test - (Method C)"

DiviSioN CF DESIGH AND CONSTRUZTION
civiL DESIGN BRANCH
- BRYTE BOILE AND CDNCRETE-LA@ :

AFTER

BEFORE AFTER
CONS. CONS. - TEST
PROJECT: Sites Dam SAMPLELENGTH, L (cm) 14,24 14,27 1402
REQUEST NO. 8851 - SAMPLE DIAMETER, D (cm) 7.13 713 , T
- LAB SAMPLE .98-1420 SAMPLE AREA , o’ 39.93 39.83 388
HOLE NO. YSC" composie SAMPLE,VOL., ot 558.56 560,56 55842
F.8.NO. Alote ' 0.03 R
DEPTH: . Sieat AD,em . 0:00 '
VIS, DESCRIPTION: Lsan clay TEMPERATURE, °C 228
TEMP. CORRECTION 0836
CONSOLIDATION BTRESS (kst) 0.50
o Burete Burette Added inflow to Elapsed AVERAGE | FERM
TIME | Reading | Reading | Pressure | Ouiffow | .- e oo, Time GRADIENT RATE
{sec) N SQUT" N Rate Ratio | by he’ {he/hz) -4 (zse0) fiu/hy Init. (hi+h2y2L | Kep=omis:s |
D | 438 0.5 _ oD -0 g
344540 42.4 a3 7 400 400 ] 1427 | 1421 | 00042 344840 1.00 £.98 2.0E-08
b Aversge. | 1427 | 1424 ] D.O042 | 344840 . 100 8.98 2.0E-09
Burstte Buratte Added infiow to Elapsed AVERAGE ¢ PERM
TIME | Reading | Resding | Pressure | Outfiow - o b Time -  GRADIENT | RATE
(seg) "IN "OUT" “INY Rate Ratio | M b iIn (Hy/hg) t (sec) Bl inlk, ni+h2yal | Keo=omises
0 424 1.5 2445 _ ‘ 0 C .
887720 305 32 244.5 1.71 2854 | 2808 | D012 BE7720 | D.8B 16.85- 31508
“Average | 2854 | 2808 | ODi62 867720 0.98 18,85 34508
Burette | Burette | Added | inflowto Elapse " | AVERAGE |” PERM -
TIME Reading Reading Pressure | Cuiflow Time GRADIENT |  RATE
(sec) N | touT g Rate Ratio | hs fe | In(hy/hy) t (se) hyfhis il {ni+n2)/al | kpg=cri/ses
BB4N0 48,0 3.9 3828 ‘ B D
ag3z4n’| 452 5.8 382.8 1,40 4260 | 4221 0.0113 E0&840 .99 28.76 34508
Average | 4268 | 4224 |- 00118 EDEBAD 0.88 28.78 _BAE-8

%Y.




Sites Dam
8C composite

1.00E-07 + - e e e
| i
1 O :
! i
i
|
E a
3
2
¥ 1.00E-08
=
o
it
0.
; o
[ 4 &
I
i |
!
A - S o LAB SAMPLEIS-1420
HOLE NO. "SC”
F.5.NO.
DEPTH: 5 feet
1.00E-0% -
0 5 10 15 20 25 30 35
AVERAGE GRADIENT
i
DEPARTMENT OF WATER RESOURCES PRM-1420 Chart 4

BRYTE SOILS AND CONCRETE LAB 10719/01



APPENDIX E

IMPERVIOUS MATERIAL
CUE TRIAXIAL TEST RESULTS FOR DWR SAMPLES



e e e

-

Th &)\5;’-’%&, u@%ﬁm%‘%:SSmN TEST

Tvm TEST

D!AM OF SPECIM::N 2. g@% %&M
LENGTH OF SPECIMNEN b 03{3” £ S 24 M,
24 48 am”

AREA OF SAHFLE ‘

:éATE 5-2-D0 ______
TESTED BYﬁ'zQ
| SPECIFIC GRAYITY 2 74

CHECKED BY oo |

TYPE OF SAMPLE

VOLUME OF SAMPLE 60935 -cmf’ wiTpensity __|28.0b pof
WT.+ TARE - I ory pensiy 09T P \
TARE._. : WATER CONTENT 12 % ‘
WT. OF SAMPLE 12_‘50 b 12985 " WATER CONTENT FOR sAT. 20,7 1%
MAX. SIZE Dbkl %saT 83 é: %
[SL%L(LO vOID RATIO, = 0‘56.5
T . DIJA-L ETTel b voL. - AFTER COHSDL!DATION
| pate | TME || kg/eme [READING] em e LenGTH _2: 29 .cm
_ D D arza 020 cm”
51y 5 o944 voLuwe B2 é"'!'fm
1%/ ' ':,.oq'T} DRY DERSITY [0F. Oém
| ‘5]3! , 074 WATER CONT;NTM-
- ¥ COMT. FOR SAT. 2, 2-4@_
| % osaT. _[02.% /0 :
A=t 0L Oéécw\, 2 ?-oi‘; 7135 . VoID RATIQ e_.__.ng_——@'
Ao __.,__LQ.'l__ 'U“ ,. jé.ﬁ% ‘ﬁ% A vol., % —db YA
WATER CONTENT: BEFORE AFTER™ SAMPLE DESCRIFTION:
CONTAINER NO..— | f}iei ‘ - Vis. CLASS COLOR -
WT. CONT. ¥ WET SOIL W79 STRUCTURE [:]" “55% E&D s T[:]RAT LAE; s_s»l«:sia-s-
WT. CONT. 4 DRY SOIL qqgé} - Coment Fiss CALG woyT RECOTE VOIDS OTNET
WT.OF WATER 1§55 J D IR g ,D o
WT. GF CONTAINER |43 coNngTEch "’E’}” “E , ?5“ - RB
WT. DRY SOIL §51.5 REMARKS ‘ o .
WATER CONTENT % |\ 2L¥ ' | ———
| CLASS!F!CATION TESTS H{% E] [] []' FEATURE S}J"e.ﬁ «B&W\ S ————
_ HOLE NO. ' IR Vi = IR ey
'RP-MOIG’@-B() ‘ DEPTH ' e

.

DWR 720 tREVY, B/8E]

995 |

 REQUEST NO.

ShAMEER NO.

LAB. NO. M

e



STATE OF CALIFORNIA DIVISION OF DESIGN AND CONSTRUCTIO!
THE RESOQURCZS AGENCY CIVIL DESIGHN BRANCH

DEPARTMENT OF WATER RESOURCES BRYTE SCILS AND CONCRETE LAB

TRIAXIAL COMPRESSION
ASTM 4787 : Consolidated-Undrained Triaxial Compression Test on Cohesive Soils

DATE: 53 IIOOm TIME: 8:00am

SPECIMEN: MEMBRANE and FILTER STRIPS: EQUIPMENT:

New Length ™ 15293 (cm) Thickness (mem).  0.024  {cm) Frame No. 37906
New Diameter *: 1160 {em) E Modulus {mem): 140 {kg/omz) Load Cell #: A9GISEH
New Arsa, A, 4026 (cm? Ky, (fs) 0,196  (kaiem) Initial ;' (ksc) 0.09
B-Vaiue: 935.0 Py, (fs) @ 0.6 (om) Axial Strain Rate: 0.0033 (% /min)
{* After consolidation) {@ Perimeter length of filler sirips}
: ! ! Top ' Bottom ‘ § ‘ Effective ! j
Axial Axlal Chamber | Pore 5 Pore Corrected | Membrane ! Pore ‘ Gonfining ‘ Stress | Devialor
Displacement Sirain Load Praessure | Pressure Pressure | Area | Correction @ Pressure Stress ¢ Rafio Stress
aH : P ot Uy o | AJI-€) | Moy-oy) | su oo | oofiod (oy-o5)
(cm) (%) (Kg-f (ksc) (ksc) (ksc) (sz) {ksc) l (Ksc) i (ksc) | (ksc)
6ooo | 00 | o9 602 597 | 589 4026 0.00 1 000 0.09 1.02 | 0.00
oots | o1 603 | 605 586 | 4030 | 000 ¢ 007 002 1476 034
0046 | 03 2400 , 603 | 606 | 598 4039 0.00 0.09 0.01 8343 0.59
6ot 04 2702 P 603 606 598 4042 000 0.09 001 9634 0.67
T oao% | 05 | 2094 603 606 $98 4046 000 009 001 10610 074
0091, 06 603 | 606 597 . 4051 000 009 001 7607 079
0.107 0.7 6.03 605 596 4054 000 008 002 4777 0.82
G:124 0.8 603 | 605 | 595 | 4050 000 008 003 3103 084
037 | 09 603 | 603 | 594 | 4063 000 . 006 004 2139 086
052 | 10 602 | 602 5:93 1067 | 000 005 005 2019 | 088
0307 2.0 6:03 5.93 5.84 4108 | 000 004 015 7.32 0.96
0460 | 30 603 | S8 | 57 41s 001 000 a0 590 098
0:612 40 5.03 5.83 5.74 4154 00 0.14 0.24 516 1.01
0.765 500 Tz | osso | a1 4238 000 007 026 488 102
0917 4 60 602 | 578 | 568 - 4283 001 019 029 459 103
L 170 G0z | 577 567 0 4329 . 001 020 | 030 . 455 10
224 | 80 602 | 575 | 565 4377 , 001 022 032 435 106
1379 90 60 | 574 564 4425, 002 023 . 033 42307
{520 10.0 502 | ST 562 | 4473 0 002 025 035 , 410 | L08
1.0 6:03 572 561 4524 002 025 036 | 401 & 109
e o e P I e
o R B T T
6.02 567 558 dcs2 002 030 L v T

601 566 4737 -0.03 031 0.40 376 LI

"
- - S i N i
| H | : i i

Remarks: Composite Sample, GG, remolded @ 98.0% of the maximum dry density

Confining Pressure Requested - 0.05 tsf(0.05 ksc)

~ This test excluded. Problems with test set-up probably due to low confining pressure and low Request#: 99-51
permeability materials, Lab#  99-14]9A




TEEA MET OF Ve TR RIEDURTED SO0 L L aRDRATOR
TRIAKIAL COMPRESSION TEST

o, oF seecmen 2208 % 6,570 Om. DATE. /‘é;ﬁ ‘
LENGTH OF SFECIKEN Hovth® 1‘3 JE3 wen. TESTED BY jﬁr[\l CHECKED BY ]
AREA OF 5AMPLE ﬁ!,%z m, SPECIFIC GRAVITY 274 '
VOLUME OF SAWPLE “8b. Q'f t.W\ wer pensiTy 1 28,08 pel

WT 4+ TARE , _ DRY DENSITY J&.ﬂ%{ S
TARE.. o watEr conTenT _10.8 Yo - ‘

WT. OF SAMPLE 100556 . 10d34e warsg c:omsm ror, s, 2. 0%
| MAX. SIZE 369‘1 ¢ | ., K % sAT, 7
' Mee | VOID RATIO, o %.‘347
‘ : , 1 - AFTER CONSDLIDATION
1 oy DIAL  |PIPETTE ! & vOL. . ‘
DATE TIHE || Kg/em? [READING| e |- cin LENGTHJ&JJM:-—
s 10 1400 wea L8 cm”
B 140 | 088 voLuvz 4BE36 cen |
: . Reall DRY DENSITY . &
LiE 47 | 403 | WATER 'CDNTENTJA&
A W7, CO NT. FOR SAT. .
' ] | ' ‘ b sat K’&&ﬁﬁ |
ArLs ;Wp:#ﬂg%mi- 62:} }Qgﬁ'ﬁ E-i-é? VOID R ATIO, o 30 1
R A LT 5.367 - v naBROR

SAMPLE DESCRIPTION:

WATER cofﬁ»&‘r: : BEFORE AFTER | . o
CONTAINER NC..— . . Vis. CLASS COLOR
WT. CONT. #WET SOIL Ng2d | strucrue T HE’E“" =T =" L%N LENDSEE
WT, CORT. + DRY SO}L i lm\ ‘ ’ CEMENT FIS3 CALE MOTT FROOTS vDIPS OTHER
WT. OF WATER .__ 5%13 1 oo e g _ -
W7, OF CONTAINER !"“ JJ consisTENEY ¥ E‘"‘E’JF' SET F{E]M Hﬁo RE’T‘ .
¥T. DRY SOIL - g-’iﬁ# REMARKS : ‘

- cont Tavy | | L

WATER CONTENT %

HY D,

CLASSIFICATION TESTS ) Ej ’E} Ej  FEATURE Sﬁ&.ﬁ %M

HOLE NO.wem . F.5 N

TYPE oFsAMPLEM%M, i DEPTH—

' ~ i ADD :
DWR 720 LREY. 8/68) REGQUEST WO, % ? CHAMBER MO,




R LTI . e B Bo b m s

DEPARTMEN

T OF WATER RESQURCES BRYTE SOILS AND CONGRETE LAE

TRIAXIAL COMPRESSION
ASTM 4767 : Consolidated-Undrained Triaxial Compression Test on Cohesive Sails -

- DATE; 6/13/01 - TIME: . &:42am
SPECIMEN: o MEMBRANE and FILTER STRIPS: EQUIPMENT: 7
New Length *: 15275 (cm) Thickness (mem): 0024 {em) Frame No. 87899
New Diameter * 6367  {em) E Modulus (mem}; 140 (kgicmz) Load Cell #: AQ6370
New Area, A,* 31.87  {em® K, (f5) _ 0.196  (kgicm) initial oy’ (ksc) 12
B-Value: 96.0 Py (fs) & . 100 (em) . Axial Strain Rate: _ 0.0030 (. fmin}
{* After consolidation) ) @ Perimeter length of fllter sirips) ' ‘
" Top Bottom ) | Effective .
Axial Axial Chamber Pore Pore Corrected | Membrane Pore Confining Stress Devialor
Displagement |  Strain Load Pressure | Pressure | Prassure Arga Correction | " Pressure Stress Ratic Stress
4H - e o Uy us | Adli-el | Ao - o) A | oy oliay | (oy—oa)
(cm} (%%} (kg-H (kac) (kse) {kse) {cm¥) (keg) {ksc) {Kksc) (kse)
0.0 31.87 0.00 €.00 1.12 1.07 0.07
a1 T 31.90 0.00 0.22 0.8% 1.59 0.52
c.2 3193 0.00 0.43 0.71 2,20 G.85
3 31.97 0.00 1 0.60 0.56 2.94 1.08
0.4 32.00 000 | 068 0.49 3.44 1.19 -
0.5 - 3204 0.00 0.79 0.38 4.46 1.33
0.6 3208 | 000 | 083 0.34 5.04 1.38
C0.T 3210 0.00 086 0.32 5.45 L4
0.8 . 32,13 0.00 0.86 032 | 537 | 14l
0.9 32.16 0.60 089 | 029 5.94 1.44
i.0 32,15 0.00 . 0.90 0.28 6.15 1.45
2.0 3253 0.00 097 .22 7.77 1.52
3.0 32.86 -0.01 1.00 .21 8.70 1.60
4.0 33.20 .01 1.02 0.20 32 ' - 1.64
5.0 33.55 -0.01 1.04 .19 9.70 1.68
6.0 33.91 000 - 1.05 0.20 9.76 1.72
7.0 - 3428 -0.01 1.0 0.20 9.76 176
8.0 34,64 -0.02 1.05 0.20 9,75 178
9.8 35.03 0.02 1.04 0.22 9.02 | 181
10.0- '35.43 -0.02 1.02 025 | 839 1.82
1.0 3581 -0.02 1.00 0.27 7.74 1.82
12.0 36,22 -0.02 o087 0.30 713 | 1.33
13.0 36,64 -0.03 0.96 0,32 6.80 1.83
140 3708 0.03 0.94 0.34 6.41 1.84
151 37.53 -0.03 093 . (.35 6,29 1.86
g

Remarks: Composite Sample, GG, remolded @ 98.0 % of the maimum dry density
Confiting Pressure Requested - 1.2 ts£ (1,17 kse), Retest

Request #: 96-51
Lab# 1419B1

Lol




o

WT. OF WATER L

84.5
375
357

¥T. DRY SOIL _ ‘ ' 7’5‘%

| 189

W, CONT. + DRY SCIL

WT,.0F CONTAINER

WATER CONTENT %

HYD..

E][DE]E]

%@wv\(id

CLASSIFICATION TESTS

TYPE oF SAMPLL—.

IRCZ: SUILE CABORATORY
TRIAXIAL COMPRESSION TEST
© Jybe oF TEST \
\ L \.LE - |
DIAM. OF SPECIMEN, LRID ¢ 7-[%7 LI "DATE: £-6-00
LENGTH OF spscmENjaOQ@ 15, A0 am TESTED BY. %)\5 - CHECKED BY:
AREA OF SAMP.;E % oL cwE SPECIFIC GRAVITY 2.74
VOLUME OF SAMPLE 6‘39 (oof Q-W\ WET DENSITY 11837 f-’Mﬁ
WT.+ TARE ‘DRY DENSITY O?‘H’ fJﬂ:@ ' - -
TARE WATER CONTENT __[ 7. 3 % ]
WT. OF SAMPLE l2461'll' %’Cx/ : Euf,—f 4. 'WATER CONTENT ‘EOR SAT. 29-‘5 v
| Max. sizE 1068: (.o ' e 4 % SAT. 844 % |
(F4.7 -~ vOID RATIO, «. ’53-5&?,
T . DI'AL F{P‘ETTE A voL. TSI AFTER ‘CDNS‘OL.H}"ATION
DATE | TIME | Kg/em? |READING | c.o | <= ; i | LENGTH 1505 tm,
o | . | o | .l i | anea_20:03 om,
' | 5 042 VOLUM E "55/7 %3 CMB
a5 %% 133 ory sensiTy 3 63 ch
b &0y 1Y WATER CONTENT,
‘ WT, CO NT. FOR SAT.
T — wonr, (02T
AL O (88 em. 15240 1137 VoI R:ATIO . 0.905 . |
Ao 2. 0% ,—-—'l——g-& LO0EF A voL., % 3.7 0/0 :
: 15.05L  Foag ’
o -
WATER CONTENT: .SEFO‘R;E' AFTER™ SAMPLE DESCRIPTION:
CONTAINER NO. - V5, CLASS .. COLEOR
WT. CONT. + WET SOIL i [ODE 3 STRUCTURzH[jMD HEE;'% EE]D 5ET L‘E? LENBSES

CEMENMT Fi1S§ CALC MeTT FRO0DTS VOIDS O THER

DE]DE]E]DD

VY, BOFT SOT—'T i F'IF{M HARB ROCK
CONSISTENCY '
REMARKS ‘ -
' FEATURE S 1!—@5 A&m -
HOLE WO\ F.s. R O- e

DEPTH —

‘REQUEST NO.

DWFR 72D {REV. 3/86)

9-51 ‘ .\QC‘I‘%;.MB-ER NO. 6 - LAB. NO-W




[ R N =1 I arlWae BrZ i DA T

DEPARTMENT GF WATER RESOURCES BRYTZ SOILE AND CONCRETE LAE

TRIAKIAL COMPRESSION
ASTM 4767 . Consolidated-Undrained Triaxial Compression Test on Cohesive Soils

DATE: o 26400 TIME: 8:15am
SPECIMEN: ‘ . MEMBRANE and F}LTER STRIPS: EQUIPMENT:
New Length * 15.052  {cm) Thickness (mem). . 0024  (om) Frame No. 87900
MNew Diameter *; 7.049  {cm) E Moduius (mem): 140 (kglom2) “Load Cell # ADE3IS6
New Area, A ™ 39.03  cm¥ Ko (f8) 0.196  (kgfom) Initial o;' (ksC) 8.96
B-Valua: 950 P (fs) @: . 100 (cm) Axial Strain Rate: 0.0028 (% /min)
{* After consofidation) ' {@ Perimeter length of filter strips) ' '
. Top | Boten | Effective
Axial Axial Gharmber Pore Pore Corrected | Membrane Pora’ Confining Strass Deviator
Displacement | Strain - Load Pressure | Pressure Pressure Area Correction Pressure | Stress Ratio Siress
AH s P - oy Cop lg Ad(1-e) | Asr—woy). o AuT oy’ o'ley’ | (o1 -o3
{cm) ) | (kg (ksty (ksc) (ks tom?) {ksc) (ksc) fksc) fksc)
0.0 3903 1 000 .00 5,10 1.00 0.00
G 36.07 0.00 .04 5.06 1.02 .10
0.2 39.11 0.00 0.14 5.05 1.02 0.10
0.3 13915 0.00 0.15 5.03 162 0.12
0.4 36.19 0.00 0.23 4,94 - 1.06 0.29
0.5 ©39.23 0.00 0.40 472 1.15 0.72
0.5 3927 0.00 0.68 4.42 1.29 1.26
0.7 39.31 0.00 - 0.94 416 | 141 171
0.3 39.35 0.00 L1l 3.99 149 195
0.5 39.38 0.00 1.28 3.82 1.56 215
1.0 3942 0.00 142 3.67 1.63 2.30
2.0 35.83 080 | 227 2.77 2.11 3.07
3.0 40.24 -0.01 2.67 2.34 2.44 338
4.0 40.65 -0.01 281 | 214 | 267 3.57
5.0 41.08 -0.01 2.87 2.04 2.81 3.6%
6.0 41.53 ~0.01 296 1.95 2.94 3.80
7.0 41.97 -0.01 2,98 193 3.01 3.88
8.0 42,43 . -0.01 298 1,92 3.06 3.95
9.0 42.8% 002 3.00 1.9z 3.0 | 4.02
10.0 4337 . -0.02 3.01 1.93 3.11 4.07
110 43,86 -0.02 3.12 1.38 3.20 4.12
12.0 4436 -0,02 3.07 1.92 3.17 416
13.0 44.87 002 3.05 1.94 3.16 419
14,0 4539 |, 002 3.02 1.57 3.14 421
15.0 45.92 -0.03 3.11 Lo4 3.18 423

Remarks: Composite Sample, GG, remolded sample @ 98.0% of the maximum dry density
Confining Pressure Requested - 5.6 1s£(5.47 ksc)

Request #; 99-51
lab # 99-1419(:.

\ 0D



TRIAK AL COMPRESS IOR T EST

%&g TEST . -
DAk, OF SPECIMEN ‘z %@?H : %___&ﬁ__ RN e @@
LENGTR OF SPECIMEN &, @@%?.,” - E% e e, - TESTED BY&Q BES  usckepBY oo

AREA OF SAMPLE %Qiﬁﬁﬂ &m ' SPECIFIC GRAVITY %-'7‘“’%“
~VOLUME OF SAMPLE i Bho k™ € ' WET DENSITY %m "'Q‘@ @éif
WT.+ TARE ‘ . DRY DENsm 104, % ,
TARE_._ N ' - WATER CONTENT -
WT. OF SAMPLE 2-5%%- o Jwﬁ g " WATER CONTENT FDR SAT. iﬁ éﬁi&g@
1 OMAX. s_IZE_ %‘9 %%«% 4 sm.___fg%_‘%‘@ %
{93 B voib raTio, o0 . 565
| DI'AL A © AFTER écnsbuozi'rlcm
§ | BATE | TIME .:f{_q'%";?hz READING | e& | e ".___ LENGTH ?‘@' ?@7 b
?’ & | 400 \: AREA.— ‘%? B o,
& 2 A0 ] VOLUME %g@,@ 7@.&%
Tho e | L300 | | DRY DENSITY 20.93 ped
' 155 ‘ | WATER CONTENT E% |
' [ wT.CONT. FOR sgm
@ .
‘ ) % SAT. @%,% ﬁﬁ :
LA L~M___ 508 omne g , : | veib R ATIO, e&m___
AD—___M% 6‘-@“ : - : . Avow., % %:? -
WATER CONTENT: - .BEFORE AFTER™ SAMPLE DESCRIFTION: .
CONTAINER HO. ik Vis. CLASS COLeOR -
] : _ o s % ] HOMG HETERD BAND ESTRAT LAMIN LENSES®
WT. CONT. + WET SOIL. 1374 srocore ) T o O B
WT. CO_NT. +DRY S0OIL - . | §Wn& ) CEMENT FISs | GALC MO TT FROOTS VO]DS QTHER
WT.OF WATER I ) i‘?%,% ’ 3 D D O O [:3 .
WT. OF CONTAINER j4lE consisTENCY 2T TR _F g D RE] -
WT.DRY SOIL " Eﬁﬁﬁﬂ? , REMARKS : I
WATER CONTENT % 5@% ! A
T | |
T : P L
. Hy D, ) e %
cussmcm:om TESTS [“_"J [] [j © " FEATURE gé @»53 i
- HOLE NO. e
TYPE OF SAMPLE ﬁ%@éé@ﬁ  DEPTH.
\b&_—, .

. . P .
LW R 720 IREY: 3/66) REOUEST NO. %% % . CHAMBER NO.




TRIAXIAL COMPRESSION

I

[ER RN ETRrrv

BRYTE SDILS AND CONCRETE LAE

ASTM 4767 . Consolidated-Undrained Triaxial Compression Test on Cohssive Soiis

DATE: 8/10/00 TIME: 9:30am
SPECIMEN: MEMBRANE and FILTER STRIPS: EQUIPMENT:
New Length *: 14,737  {cm) Thickness (mem): 0.024  (cm) Frame No. 87900
New Diamster *; 6.892  (cm) E Modulus (mem): 14,0 (kgicmz2) Load Cell #; A96336
New Area, A ™ 3731 (em?) K (f5) 0.196  (kgfom) Initial a3 (ksc) 11.84
B-Value: 97.0 P (fs) @ 100 (em) Axfal Strain Rate: 0.0024 (% / min)
(* Afier consoiidation) {@ Parimeater langth of fllter strips)
Top Bottom ‘ Effective
- Axiaf Axial Chamber Pore Pors Corrected | Membrane Pore Confining { Stress Deviator
Displacement |  Strain - Load Pressure | Pressure | Prassure Area | Correclion | Pressure Stress Ratio Stress
AH ¢ P ar Uz Ug Ayl{1-8) | Alo;— o) Au o' ooy | (01—a)
(om) (%) (kg- {ksc} {ksc) {ksC) (cmé‘) ’ (ksc) {ksc) {ksc) (kse)
0.0 3751 | 000 000 | 1184 | 100 0.00
0.1 3735 0.0C 0.00 11.84 1.01 0.17
02 37.38 0.00 0.00 1184 | 102 0.18
03 37.42 0.00 0.02 11.83 1.02 021
0.4 37.46 0.00 0.05 1179 1.03 032
0.5 37.50 0.00 0.07 11,75 1.04 042
0.6 37.54 0.00 0.30 1143 111 1.27
0.7 37.57 0.00 0.71 10.95 123 2.47
‘08 37.61 0.00 1.21 10.39 1.36 3.72
0.5 37.G5 0.00 1.54 10.04 143 437
1.0 37.69 0.00 1.82 Q.73 150 4.86
2.0 38.08 0.00 3.58 7.77 1.87 6.76
3.0 38,47 - -0.01 - 4.62 674 210 743
4.0 38.87 -0.01 532 6.06 229 7.82
5.0 3927 -0.01 5.80 5.61 244 8.10
6.0 39.69 G.01 6.10 S 335 2535 8.29
7.0 40.12 -0.01 6.27 320 2.63 §.43
8.0 40.55 «0.01 - 6.43 5.08 2.69 2.57
9.0 41.00 -0.02 6.55 4.59 273 8.64
10.0 41.46 -0.02 6.67 4.94 276 8.6¢
11.0 41.93 =0.02 6.63 4.96 275 8,70
12.0 42.40 -0.02 6.56 5.01 2.74 8.70
13.0 42.89 -0.02 6.44 508 291 - B.67
1.0 43.38 ~0.03 641 15,14 2.68 8.63
15.0 43.89 -0.03 626 525 2.63 8.56
Rermarks: Composite Sample. GG, remolded @ 98.0% of the maximym dry density
Confining Pressure Requested - 24.0 tsf (13.67 ksc)
Request #: 99-51
Lab#  99-1419D
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LEN GTH OF SPECIME N_é._}sgw = 15 %“ .

AREA OF SAMPLE

SlAa% e

voLune oF sanrre_ X810 m?’
WY+ TARE '

TARE

" DRY DENSITY . lgﬁ,jﬁ pé‘{ —
WATER CONTENT __ {7} %o 35

‘oare 2“0}
risTEp sy N
SPECIFIC GRAYITY Lol éf
weTpensiTy _ 1 B4a(] oet

CHECKED BY

WT. OF SAMPLE, aitg AR ﬁ, l@gg’ﬂ_ . WATER CORTENT FOR SAT. ?_! Yo .
MAX, SIZE R s o' ' asat. ] % Q ' ’
26&4‘}‘ | YOID RATIO, ¢ Oa%g?
' ‘ = T T "777TTTAFTER CDHSDL!DAT]ON
J o4l o, | DAL [PIRETTE | & VOL. 1 S o
- DATE- TIME ‘ .K_q,{-__-iﬁa READING! & cl ) cie. ; E LENGTH i !é ‘!'54
. ~ e : |
Yo (- o 1.100 ! T AREA— 2244
5 4.5 | 083 b YOLUME. 500.6¥ S
3 ! !
Lo 5 054 . | DRY DENRSIT *JQS_B____
2 . | 3,
! : é%‘ .05\ } ; -~WATER content 23,0
‘ | f § "WT COMNT. FOR SAT. 2.2‘&_
3 P 1 nor_ 1009
‘ - [ ! %sAT., Swls ‘
: g L' > o .
S A L—i - ﬂ ,gz,’t%cm.. 6-%2'@- 65375.' S . . YOID RATIO, e;&&_
A b= ,aét cw ﬁ:ﬁi ad ; S R " AvoL., % 1.5
Y0t v o '
| WATER CONTERT; BEFORE | AFTERT ! | SAMPLE DESCRIPTION: °
CONTAINER NO, ' - | Vis.CLASE_— COLOR! -
. L “‘l 8 OMG HETERO BaND §T RAT LAMIN LEMSES® -
WT, CONT, + WET $01L ‘ STRUCTUR: wiinils i . .
wT. CQNT, 4+ DRY 501L : qg%“‘? CEMENT FISS - LalE wMBT7T ReOTS voips ©THER
WT. OF WATER . . ‘%35 Db D‘ , D =
T Az - y ey W SOFT SOFT ¥R RM MARD ROTK.
WT. OF CONTAINER V‘.f é’ | 'COHS‘ISTEH\,Y &0 Cj D hnp
¥T. DRY SOIL ¥80 5 ' REMARKS
WATER.CONTENT % 150
‘ : HY'D.?‘ Mok B3Py ' ‘_
CLASSIFICATION TESTS Y S TR I I - - T FEs ‘ _ ]
o . . S ' HOLE NO. F.3. NO. —
TYPE OF SAHPLE- RWA&& DEPTH

TYR T2t \REY. 37848}

-5l

REQUEST NO.

A0k
CHAMBER NO.

e vo. L 120A




CERPARTIMENT OF WATER

ZBOURCES

TRIAXIAL COMPRESSION
ASTM 4767 . Consolidated-Undrained Triaxial Compression Test on Cohesive Soiis

e sy g AR
S DESIGN BRANDT

=i
ERYTZ SOILS AND CONCRETZ LAE

DATE: 202701 TIME: §:30am
SPECIMEN:. . MEI\JIBR}\NE and FILTER STRIPS: EQUIPMENT: -
New Length * 15434 (cm} Thickness (memj: 0.024  (cmy Fr_axme No. 87899
New Diameter = . 6427 fom) E Modulus (mem); 140 (kg/em2) Load Cell #: AB6370
New Area, A,* 3244 fem? K {fs) 0.196  (kglem) nitial 5" (Ksc) 0.36
B-Value: 84.60 T Py ifs) @ 100 (o) Axial Strain Rate: 0.0016 . (% /min)
- {* After consolidation) {@ Perimeier langth of filter sirips)
. Top Bottom Effective .
. Aogial Axigl * | Chamber Pore Paore Corrected | Membrane Pore Cenfinlng | Stress Devlator
Displacement |  Strain Load Pressure | Pressure Presslire Area Correction | Pressure Stress Ratio Stress
AH £ p Car s Up A8} | Alo)— oy Au as' ooy (o, ~a3)
(cm} (%) {kg-f) " {ksc) (ksg) {ksc} (cm?) (ksc) {ksc) {ksc) {ksC)
0.0 5 6 3244 0.60 0,00 036 110 £.03
0.1 3247 0.00 .06 (.30 1.78 0.23
2 32.51 0,00 0.13 0.22 3.16 0.47
0.3 32.54 0.00 0.09 (.16 511 0.65
0.4 32.57 .00 0.27 0.13 4.53 0.72
0.5 32.60 6.00 0.28 0.1 8.19 0.76
0.6 32.64 0,00 030 | 0.09 9.53 0.78
0.7 32.67 T0.00 0.30 0.08 10.30 0.78
08 3270 0.00 0.29 0.08" | 1133 0.78
0.9 3273 0.00 0.30 0.08 112 0.78
1.0 3277 0.00 0.30 0.08 1107 .78
20 3311 0.00 0.30 0.10 8.67 0.75
_ 3.0 33.45 -0.01 0.26 0,10 2.80 C 077
4.0 33.7¢ -0.01 0.28 G.12 .54 0.78
50 34.15 -0.01 F0.25 0.14 6.50 0.79
6.0 34.51 001 0.23 0.16 3.86 0.80
7.0 34.88 -0.01 0.19 018 5.62 0.83
8.0 3527 -0.02 - 0.22 0.19 5,41 0.84
%0 3565 -0.02 0.24 0.20 5.30 0.85
10.0 36.03 -0.02 0.27 0.23 4,71 0.86
11.0 3645 -0.02 0.30 0.24 4.57 0.87
12.¢ 36.87 0.02 0.34 0.26 4.30 0.87
13.0 37.30 -0.03 0.39 0.28 4.18 ¢.88
Remarks: Compasite Sample, SC, remolded @ 98.0 % of the maximurn dry density.
Confining Pressure Requested - 0.05 51 (0.05 ksc), Retest
Requast #: 95.5]
Lab # 1420A1
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TRIAXIAL u&MP"’amSéQN TES

‘ ' ‘ L émos TEST . “ R o
D 1AM, OF SPECH M':N__g%g” m% o ':l.li‘)A;‘:’ ; o -
o TERm. resten ey ANT RS cuzcxep ey
_ SPECIFIC GRAVITY 717‘3{1"
| vorunz or sanprz O09 GG om0 weromvety 12644 pet -
WT. % TARE - ~ R . -DRYDENSITY 10%. ﬂéﬁf’ . .
TARE .. = - water content YO i@ ' ,
WT. OF SAMPLE, iwé&% : %%@@; : "WATER: COHTENT FOR SAT. ?;E?iv .
1 UHAX. SIZE 1954 .6 o 30.2.%
WX o, ,@%%ﬁm

.
LENGTH OF SPEC!MEN 6.0 =

AREA OF SAMPLE

' T o : T amr }"""*r TTImSTS . AFTER CONSOLIDATION
- - 4. pg | DAL [PIPETTE] A YOL.o ; L s N s e
DATE |. TIME |l Kg/em2 |READING | c.c. e, : LENGTH
9 . % REA -

o ] ‘ ‘;
'VC‘JLU‘ME ég’%@a%m -1

CRI ) ——
&b [.0%4 |

1 ory persiTY S -

| WaTER com‘rsm_”ﬁs\@
- WT. cou'r FOR SAT. 22.&, T
% SAT [s7 %y !

VOID RA TIO, s
A voL,, %

SAMPLE DESCRIPTION:

| WATER CONTENT: -  BEFORE AF%:R‘-.
CONTAINE R e, . e —
WT. CONT, + WET $O1L o %@% : STRUCTUREH&M°< HEEHO Eﬁ" 55“%{ LH[]
CWT. CD.NT.-VDRY sOIL ‘ . ‘E’E%% 1 cEMENT Flss  CEALE  MoTT Ro- OTS VO’};S O'EJEH 1

WT. OF WATER E%% g D‘. (B R [‘j D
WT. OF CONTAINER ______. . Wﬂ%’gﬁi CANSISTENCY VES” 5°D” EM NS ‘Df”. ;

- VIS, CLASS . - coLor
hen A

WT. DRY SOIL o _ 6260  'REMARKS
WAT"‘ERC‘:DMEN‘T‘% ' ‘2.3% R e _ 5 ——

WY o..

CLASSIrlCATIOHTESiS L:J [“_“] [:] [:]

HOLE NO. s . F.5 NO—-

ﬁ«%@mﬂﬁ | —

i

. : : - ” - . ] .
DWR 720 {REY. 3/88) REQUEST NO. :E E ;%% : CHAMBER NOD,

:Y‘P‘-‘ oF SAMPLI:




ZEOURCEE

wlvio frsabaiy
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\D"\‘

DEPARTIME BRYTE 8OILE AND CONCRETE LAE
TRIAXIAL COMPRESSION
ASTM 4787 : Consolidated-Undrained Triaxial Compression Test on Cohesive Solls
DATE: $/21/00 TIME: 8:00mm
SPECIMEN: MEMBRANE and FILTER STRIPS: EQUIPMENT:
New Lergth *: 15,385  (em) Thickness {mem): 0.024  (om) Frame No. 7500
New Diameter *; 7187 (om) E Modulus {mem): 140  {kafom2) Load Cell # ADE356
New Area, A, ™ 4057 (om? Ky, (fs) -0.196 . {xglom) Inttial a3’ {ksc) L1 ,
Bvalue: 95.20% Py (fs) @& 108 fem) Axial Strain Rate: 0.0033 (% /min)
(* After consclidation) {@-Perimster length of fiter strips) "
Top Bottom ) Effective
Axial Axal Chambar Pore Pore | Corrected | Membrane Fore Confining | Stress Deviator
'} Displacement | Strain Load Pressure | Pressurs | Pressure Area Correction | Pressurs Stress Ratio Stress
AH £ P o3t Ur ug Adflt-g} | Alo|— o) Au oy ooy | (o —o3)
{=13)] " (%) {kg-T (ksc) (ksc) (ksc) {emd (ksc) {ksc) {kso) (ksc)
0. 40.57 0.00 0.00 1.11 1,07 0,08
0.1 40,61 0.00 0.46 - 0.64 231 0.84
0.3 40,69 0.00 0.50 0.54 2.85 0.59
0.3 40.6% 0.00 0.62 0.52 2.96 1.02
0.4 40.74 0.00 0.69 046 3.42 112
0.5 40.77 0.00 0.72 0.42 3,83 118 -
0.6 - 40.82 0.00 0.74 0.40 4.01 1.22
0.7 40.86 0.00 0.74 0307 | 417 1.23
0.8 4050 - | 0.00 -0 0.38 420 1.23
0.9 40.94 0.00 0.74 0.39 4.17 123
1.0 40.98 0.00 0.74 0.38 420 1.23
2.0 4140 0.00 0.73 0.40 4.04 1.21
3.0 4182 | -0.01 0.74 0.40 403 121
40 4226 | 001 0.74 0.40 4.04 1.22
5.0 427 -0.01 0,75 0.40 410 1.23
7.8 44.00 -0.01 074 0.40 4.01 o121
92 44.567 -0.02 0.74 0.40 386 1.1¢
10.0 45.08 -0.02 0.74 0.40 3.95 1.18
11.0 45.59 -0.02 0.74 043 395 1.26
12.0 46.10 -0.02 0,72 0.43 391 1.26
13.0 46.63 -0.02 0.72 - 0.44. 3,89 1.27
14,0 4718 -0.02 072 0.45 3.87 1.28
15.0 47.73 -0.03 0.70 0.46 3.82 1.28
Remarks: Composite Sample, SC, remolded @ 98.0% of the maximum dry desity
Confining Pressure Requested - 1.2 15 (1.17 ksc)
Request #: 99-51
Lab#:  99-1420B
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DAk, DF 5PECIHEN 2.5W" ¢ 6.315 am,

L—=HGT'H oF specineN BOUE" % 15 1D e

AREA OF SAMPLE. ﬁéfﬁ. ' N -

SPECIFIC smvnv_ﬁ-?‘%

11548 g

* YOLUME OF SAMPLE 4571 1O o WET DENSITY
“WT.+ TARE _ ' | DRY DENSITY 197.35 P o _
TAREL . o . water content _tE g °/o -
WT. o7 samPLE_ 1t & ‘@9"}'% . WATER CONTENT FOR SAT. 116 %o
MAX, SIZE XIE .\ ¢ | woat._ (&L /g
145 | VOID RATIO, .. 0‘533
’ 1 ey DI-A-L BIBETTE Il‘VO‘L..‘ r—T T A’""‘:R ZoxsoLATION
DATE |- TIME Ke/em® [READING | e | e 1 E LENGTH b |S.532
10 Q0 |00 | i . AREA 30'75' -
m .5  @45 ; VDLQME "Hg-lg' e
3 19 ) 3.5 ';;Orﬁf ‘DRY'SDEMSIT-Y_.:M,———
W £E&1 | 035 »WATER_,‘CON.TENT ES___
1% 101 w1, con T, FoR saT. L8-0 _]

%SAT. 4. b

AL EVewe

Ao %

x‘ié—“’ e %':s
—tal

1553 &-Lb\

AFTER

voID RATTIO, E__Qii&é_._ |
g E

- A'vol,, %

_SAHF’LE DESCRIPTION: *

WATER CONTENT: BEFORE I
CONTAINE R MO, ' - KT - Vis.CLAs COLORR -
7 W'T W % ”ﬁag 7 J STRUCTUR OMO HETEROC BAND STFRAT LAMIN LENSES:.
CONT +WET 5QiL - £ D D D [:j [:j D
WT. CONT. + DRY 50}} ?{E?._ CEMENT FIss - BALC  MOTT RO _©T3 \’Eﬁs D'[”‘*j'“
WT.OF WATER. bbbt oD B E:]
- e e v, soFT soRr  FI BM RiRD ROCK
¥T. OF CONTAIKER 1440 - CONSISTENCY E] T EE D D
WT. DRY SOIL £25.0 . REMARKS
WATER comz NT % !ﬂ;% ’ :
CLAQSEHCATIDM TESTS {j D [:] {:J RE._ Ségﬁé : M. . ]
o : 'HOLE 3] 7.5, NO.— —=
IYPE oF SAMDL:: ‘E'&W\Ohid DEPTH — —
- Wo -
DWR 720 \Rs;!. 34060 ‘ REDUEST NG, qq"‘@ C;:HAMBER NO. l L= NO. 429&%




DEPARTIMEN] O WATER RESOURCZEE

TRIAMIAL COMPRESSION
ASTM 4787 Consohuated Undrained Triaxial Compression Teston Cohesive Soils

DATE: ) 2/20/’0} TIME; . £:00am
SPECIMEN: ' ‘MEMBRANE and FILTER STRIPS: - EQUIPMENT: .
New Length > 14945  (om) Thickness {mem): 0.024  (em). Frame No. 87889
New Diameater *: 6.978  {om) E Modulus (mem): 14,0 {(kgicm2) Load Cell #: _AD8370
New Area, A,* 3824 fem? Ky, (fs) 0.196  {kgicm) ©Initial o' (kso) 530
B-Value: 96.0 Py (fs) @ . 10.0  fom) Axjgl Strain Rate: _ 0,0041 (% / min)
- Aﬁe_r cohsolidation) - {@ Perimeter length of filter strips) '
Top Bottomn : - ) Eﬁective‘) 1
_ ‘Axdal Axiaf Chambar Pore Pore Coirected | Membrane Fore Confining |  Stress Deviat_or
Dispiacement | Strain Load Pressure | Prassure Pressure - Area Correction Pressure Stress Ratio Biress
AH g p cﬁ- U Ug Ad(1-e) | Msy—ony | Au oy a)ay (Ul — o)
(om) %Y (kgD {kse) . {ksc) (ksc) (em?) (kst) (ksc) ' {ksc) {kst) '
06 3824 0.00 0.00 5.30 1.00 0.00
0.1 38.28 0.00 0.03, 527 1.00 00
0.2 38.32 0.00 0.03 5326 1.00 0.0!
03 38.36 0.00 0.05 525 1.00 0.01
0.4 3840 | 0.00 0.06 5.24 1.00 0.01
0.5 38.43 6.00 0.07 522 1.00° -0.01
0.6 38.47 0.00 0.10 5.20 1.01 0.04
0.7 38.51 0.00 0.12 518 1.02 ¢.08
0.8 38.55 0.00 0.14 5.16 toz | GID
0.9 38.5% 0.00 0.16 514 1.03 . 0.13
1.0 38.63 0.00 0.17 5.13 1.03 0.15
2.0 39.02. 2.00 138 -3.79 1.70 2.65
3.0 | 3942 001 2.08 3.03 . 2,10 3.34
4.0 a0 -0.01 244 2.65 235 3.58
50 | 4026 | -0.01 268 | 242 2,54 372
6.0 40.6% -0.01 2,86 225 2.70 3.82
7.0 41.12 -0.01 . 299 2.13 2.82 3.80
8.0 41.57 -0.01 3,00 2,02 2.95 3.94
5.0 42,02 =0.02 318 1.93 3.06 3.98
10.0 42.49 ~0.02 3.26 1.86 1315 4,00
11,2 43.00 -0.02 3.32 1.81 3.22 4.02
12.8 43.46 -0.02 336 1.77 T 328 4.03
15.4 43.96 -0.02 339 176 329 4,03
14,0 4447 -0.03 3.46 L7 334 4,03
150 4499 -0.03 351 1.68 3.39 4.02

Remarks: Compasite Sample, SC, remolded @ 98.0 % of the maximum dry dengity
Confining Pressure Requested - 5.6 tsf (5.47 ks¢)

Reguest #: 99-51

Lab#  99-1420C

AR



T - 1"
DiAh, OF SPECIMEN ?j%aﬁ -

¢
LENGTH OF SPECIMEN &» Q‘& -

1528\ ow.

AREA OF SAMPLE . 3‘ 80 W

VOLUME OF SAMPLE 4’3? "% cJM

BATE. 'L‘fufm

TESTED BL@Q
SPEC|FIC GRAVITY ‘E.-J"}'

CHECKED BY

WET DuNsm'_u.S__bi%gr
DRY DENSITY !mﬂi pey

WATER CONTENT %..

WT.+ TARE R
TARE. . . 7 ) lWAT"—‘R CONTENT 65 y
W, OF 5AMPLE ‘ESE,S % ' A WATER CONTENT FO s,s:r L
| “MAX, sIZE 4320 ‘ - sat 115 [
3% VOID RATIO, «. 58S
: = T Tt TTT T AFTER CTONSOLIDATION
DATE TIME "'K‘gffma' R’;X;ngg P-wf:,'TE 'Ac;vjE' | : i . LENGTH ‘ﬁ‘%’g LW,
o ‘O 1.00 i % ARE ,m;_@ﬁ_——
) B 1 .0R0 . 1 5 24 em!
qj\b . ' 6‘6 '-‘-th DRY D::NSITY%
‘ Eﬂ A5 WATER CONTENT
ﬁ-i 310 | § wr. co NT. FOR ML_
' . Y. %SAT- !U.Q"L
o a0’ P &6 162t} 6307 voip wATIO, 0. B %?;‘% -
: r:;:» BT _mcm —ﬁ m — A vol. ‘0\‘
WATER CONTENT; BEFORE AFTER SAMPLE DESCRIPTION.
| CONTAINER NO. ' P VIS, CLASS COLOR-
WT, CONT. + WET SOIL 1633 STRUCTUREHED H"E}Em B&S" SET LAE_—:T LEES
¥T.CONT. + DRY 5OIL £R.0 comEnt mise  cavc  wmorr rmo0TS VOIDS
WT.OF WATER 131.% o Do Da _D D
¥T, OF CONTAINER Wt CONSISTENCY "E]F’ SE , ”S Hﬁs REK
WT.DRY SOIL 1:973' : REMARKS —
' IR | | .

5{%&5 | %&m

CLASS!FlCATJDN TESTS HE] [j [‘_“] [j FEATURE
HOLE NO FA R O
TYPE OF SAH‘PL: ‘RQW\Q &'&& DEPTH ' o :
| e '
DWR 720 \REVL /68) REQUEST NO. %~ 5) CHAMBER NC. LAB. NDM.



DEPARTNMENT C

FMWATER

RESQURTED

BRYTE S0LE AND SONCRE

RN

TE LAE
TRIAXIAL COMPRESSION
ASTM 4767 : Consolidated-Undrained Triaxial Compression Test on Cohesive Soils
. DATE: 5/10/01 TIME: 8:30am
SPECIMEN; MEMBRANE and FILTER STRIPS: EQUIPMENT: -
New Length * 14,748 {em) . Thickness (memy); 0024 (em) Frame No. 87900
New Diameter *: 6.151  {em) E Modulus (mem): 14.0  (kglem2) Load Cell #: ADB356
New Area, A, * 2972 femd Ky (f8) ©0.196  (kglemy nitlal o' (kse) 13.31
B-Value: 100.0 Py (fs) @ 6.0 (em) Axial Strain Rete: 00036 {in.{min}
. {7 After consolidation) {& Perimeter Iength-oflfilter atrips} ’
. 4 Top Bottom Effective
! . ‘ Axial Axial Chamber Pore Pare Gorrecied | Membrane Pore Confining |  Stress Deviator
Displacement |  Strain Load Pressure | Pressure Pressure Area Correction | Pressure Siress Ratio Stress
AH & p Gt Uiy Up Ad1-8) | Aloy - a3 AU oq' o fas | (61—03)
{cm} (%) {kg-f} {ksc) {ksc) {ksc) {em?) ) {ksc) (ksc) ‘ (ksc)
0.0 29.72 0.00 0.00 - 1331 1.00 0.00
0.1 ©29.76 0.00 -0.01 13.26 1.00 <0.02
0.2 29.78 0.00 -0.04 13.24 LO0 -0.04
0.3 20.81 0.00 -0,07 13.20 1.00 -0.03
G4 29.84 0.00 -0.12 13.16 1.00 -0.03
- 0.5 29.87 0.00 (.16 13.12 1.00 -0.63
0.6 - 29.90 0.00 020 1 13.06 Log | 008
0.7 2093 0.00 -0.5.4 13.01 1.01 0.07
0.8 28.96 .00 -0.28 12,97 1.01 0.10
0.5 . 29.99 0.00 -0.31 12.97 1.01 0.13
1.0 30.02 0.00 -0.34 12.94 1.01 010
2.1 3035 0:00 1.64 10.94 1.57 6.19
30 30.64 . -0.01 245 9.78 1.73 7.18
4.6 30.96 ~0.01 2.66 8.91 1.85 7.58
5.0 31.26 -0.01 3.7 8.62 1.92 791
6.0 31.62 -0.01 4.19 8.06 201 | B.11
7.0 3196 -0.01 4.60 7.65 2.07 8.22
8.0 3231 -0.02 4.53 AL 2.17 8.23
60 32.66 L0.02 531 722 215 8.33
10.2 33.02 ~0.02 5.60 6.95 222 8.45
11.0 3340 ~0.02 578 6.81 2.25 8.49
12.0 3377 -0.02 6.18 6.74 2.28 8.62
13.0 34.18 -0.03 6.04 6.27 2.38 8.66
14.6G 34.57 -0.03 6.53 6.89 226 8.68
Remarks: Composite Sample, SC, remolded @ 98.0 % of the maximum dry density
Confining Pressure Requested - 14.0 t3f (13.67 kso)
(had difficulty seating the piston - maybe due te the high chamber pressure pushing on the piston) Request #: 9951
(Alr compressor was unstable, chamber pressure fluctuated) Lab#  99-1420D




APPENDIX F

VENADO SANDSTONE
QUALITY TEST RESULTS FOR DWR SAMPLES



3-Inch Cube Samples from Sites Quarry
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Crushed Sandstone from Drill Cores
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Pk T e e W KT Y A bmad WA T DN

CONCHETE SECTION

TEST FOR "ABRASION OF COARSE AGGREGATE"
ASTMC ~131-76

~-535-.76
PROJECT LABORATORY NO.
FEATURE _Zand sshone doe B 1ap g Bog FIELD SAMPLE NO.

SCURCE OF MATERIAL
SIZE FRACTION TESTED 1/2 ¥ \;/2.“ el over Q«-ow Sawdstowe slabs  were crushed -1/‘l"“w‘—“"\45 "(‘\"OM
WORK ORDER N3, guﬂma cubes ch- mef: Cr\-r \ compresgive sav e'pem«ws were 2)ee coushet

VISUAL DESCRIPTION - 3&1 "'m

Y

TABLE | = GRADING OF TEST SAMPLES

T devesize Waight & Grading of Test Samples ~ g ABRASIVE CHARGE
PASSING RETAIMED A 58 | c | o {1 II | IIT] Grading B ohs Chae oo
ALY 2% IN, 2500° ) 12 5600% 25

2% 1N, 2N, : 2s00* | 8 1 s34t 28
2 N, w1 | 5000 |scoo c 8 33304 20
t 141N, TN, 2 ,/1250\ s000¢ | s000+ =} é 25002 15
1M, s~ 1z 1] 5000 E 7. 50002 23
_ MM, sy, 50{] 1250|200 F 12 50002 25
BN, 378 1N, 240 ha2sa/ | 2500 G 12 5000% 25
o

e, HO. 3 2500
10, 3 NO, 4 2500

L. to, 4 MO, B 5000

* Toletonce of 2% permitted Sopo ¥ o

— : - TEST RESULTS TESTED BY _Zi_.\%‘_‘:"i_

HO. OF REV. ORR A M Loy oF : %i“géifg DATE TESTED f"@ﬁl&
. . COMPUTED BY
: 100 HoeA 4440 o) A CHECKED BY
e Beod | 28%% | 2t | 43.4
|
Yo \257,
R/
e 244
R

éooq

IWR 934



SPEC]FIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE

TEST METHOD: ASTM © 127=

Project

Feature -

Hale No, Elev, Top of Hole

Yisuval Description

Stgte of Callfornia
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
TECHNICAL SERVICES OFFICE
CONCRETE LABORATORY

5=l Pee G818

L aboratory Ne.
Field Sample No.

Depth of Sample

REMARKS:

CL 2 {8737}
DWR B22 {REV.B/66)

DETERMINATION NO.

DATE TESTED

TESTED BY

COMPUTED BY W7k} ‘n’%}f’b |
CRECKED BY E?@““

SIZE FRACTION %7\@/@' A%
PROCESSING _ |

AL OWT, .‘SATURATED SURFACE DRY SAMPLE 924G 449 o

B | WT.OVEN DRY SAMPLE ' 5037 2455

C | WT, WATER ABSORBED A-B 72\ 1o\

D| % WATER ABSORBED 5/12, %x 100 Aa Ay

E| WT.$5.5.0. SAMPLE SUSPENDED IN WATER AV 1%%2 _
F | WT. WATER DISPLACED BY 5.5.D. SAMPLE A-E 211.3 s | D24
G| WT.WATER DISPLACED BY SOLID SAMPLE F-C qu\ | G723

H| BULK SPECIFIC GRAVITY (DRY BASIS] £ (239 zd,o

I | BULK SPECIFIC GRAVITY (5.5.D. BASIS) 4 7.4 750

J | APPARENT SPECIFIC GRAVITY 2 7 5 7 lals
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1%-Inch Minus Crushed Sandstone from Sites Quarry
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2.5-Inch x 5-Inch x 5-Inch Cubes from Sites Quarry
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2.5-Inch Diameter Drill Cores from Geologic Exploration
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APPENDIX G

VENADO SANDSTONE
PETROGRAPHIC AND QUALITY TEST RESULTS
USACE SAMPLES
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wareh 1902

el

1. GSumple. A somple of gquarry rock, conzisting nf cobrle ziza
particles welghing approximately one hurdred pounds wag received fron
the Sacramento “istrict on d February 1962, for patrogripnic analysles
spegific grevity and sbsorptionm, sbrasion, watting and drying, sound-
ness and x-ray diffiraction apalysls. The sample represents rock mate-
rizl being compidersd for posgivble uew as riprap for wlope protecsticn
sn Sacramento fiver Projscts. :

. 2, Sumpary. Petrographic analysis, x-ray diffrzctlon, watTing
and drying test, specifilc gravity, scundneéss and abrasion heve been
completed on the 0ld Sltes uarry rock panple. The rock gdmple ls
considersd to be & relatively soft dark grayish-green arkozlic gray-
wacka. The compeonsnt minerals are guarbtz, falds,~r, blotite, chlorite
and beidellite, a clay minerzl which is tla cemanting agent. The
wetting and drying test cauged & noticestle loosening of surface grains
vt did pet result in a complete disirtegdation of ihe rock. The Los
Angeles rattler obrasion test on the laboxatory crughed rock showed &
loss of L5%, indicating a reladively eoft rock. Ireilminary results
of magnesium sulphate zoundness tesis on the laboratory crushed guarry
roak show high loms in the coarse and fice sieve sizes.




DETATL W

1. Test Propedure. Selectod specilment of this cawply were
inte THin ¢@eTiaonsg for pebrogrephic eXxanination, tther galectnd
wane were aswed and vged for the wettipg apd drving test, In frosh end

salt water. saaterdal fovr x-ray diffrucilion was prepared hy prinding
whole rock aod pessed through the FNo. 325 siaeve. -ray clfiructicn
patlerne were made con whole rook powder ond on fine awtarial, of Ln
whole rock powdey sugpendad in distilled zatler to slisirabe mino s
other than clay types. ypetific gravity and azzorptiosn deb ;
were nada on selacted spacimens welphing srprexdiatuly oro kilezriu
each. The test for aorasion was ran ascozainy to stndard best method
CN-1U1-56 on crushed material. The sulphate gsoundness Loot was run
seegording to standard test method CLD-L55-55.

2., Composition.

&. uegascopic Characterigtics. Tha rock has a dark grarish-
green color, and has a fine te medium gralved stiuvcture, Uscazsional
dayrk roundad spots approximately ona centimeter in di=mmeter oogur
scattered throughout the rock mass. Theee spots appear to be compoged
of dark yellowlsh-green micaecus minesrals., 4 fow luns shaped fractures
appgar fllled with a soft ¢lay type mineral. These lonses warse found
in several specimens of ihe sample. The racl waterial iz easily
geratched with a gteel npeedle. A slight £rianility of the rock is
netlcesbls when fresh surfaces are rubbed with L2 finrers.

b. Micreetopic Characteristics. TIn thin sections the reok
1z cemposed of angular to subargular graire ni' auart:, plagioelase
feldepar, crumpled and weathered biotite, gresp chilsrite And 4 ¥ellowish-
green clay mineral. The quartz grains appsar cleer, with a fow showing
micrafractures. The feldgpar gralns show some clsudinegs snd have
extinction angles of albita, oligeclase and andesime., [hs blotite
graine zhow dimtortien from curved to shredded. Ureen chlorite ia {
present, closely assotiatsd with the biotite sspecially whers Lhe.
bletite i& ghredded and sirasked arcund quartz and feldspar gredns.
The cementing agent 1p an argillacecus and chlozitic mimbura and is
sa-n as dark isotrophic material arcund the nuarts sod Teldspar ('rajve.
A rough estinmate of ithe porcentsye of the componmen:t migersis mads »dth
the ilcrostore chows approscdaately €0F quartz, 395 rfelduoowr ard Lo of
blotite, chlorite and ¢lcy. The ciay minersl has been hiowi Lo b -0
beidellite by mersy diffraction. 1The rock is considersd to b arkesic
graywacke.

3o Hagults of X-ray Mffragtion Analveis., F-ruy diffracrtion , .
patterns show promlpent reflectienc =i beldellilte, quarbs, plasicalase, :
trace guantitles of orthoclacs,; ohlorites epd biotize., UirTraoction
patterne on glycerine saturated somplen showed no WAL e Sl
ndnsrals.,
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HESULTS OF PHYSICAL TLSHTH

vesting end Drydns Taest. After 15 oycles of wetilry anae drying N
inm beth 6ot Ernd fresh water & potitesdle asfitening and leomening of . .
surfuice grains ls evident. . s

Spaeific Gravity and Abscrption.

Byl Specifie Gravity . 2.36
Bulk Specific Gravity S.5.0. . 2olaly
Apparent Specifilc Gravity ” 2,57 "
Water Absorption, 2 : 3.l
. N
Abrasion Test CRDellLlesd. The result of the abrasion test shawed , B
5 logs of LS@ va the leboratery crueshsd quarey rosk_
Sulphate Ssundnass Tesat CHD-115--55. Frellminary results indicate
a ralativeiy v»m»,, Tocs Ly EoArse and Tinm glave gizmes. . R
E




PETROGRATHIIC REPORT

SITES QUARKY
: UNIT 22
SACRAMENTO RIVER FROJECT
COLUSA AND SUTTER COUNTIES, CALIFORNIA
COMETACE Na. DACHOST2-C-0057

Epril 1972

AUTEQRIZATION

1. Hesulta of tesis reporied herdin were reguested by DA Form 25hk,
Work Order VRO-T2-3 (72=-C~0057~1), 15 March 1972, from the Sacramento
District.

FURFOSE

2. Puxrpose of thls study was to determine the quality of the material
‘purposed for wse &3 protectlon zsbone oo both banka of the Sacramento
River ot varlous locatioms between mile 110.8 sand 143.8 in Colusa and
Sutter Countlas, .

SAMFLE
3. & shipment of m@w».ow&ua.&au.w‘ 200 peunds of ruck was received on
15 March 1972, The sample was from mw.«mu Querry loeabed spproximately
1 mile east of Sites, California.
Hm"mam
4, “Testz wers parformed ag Yollowg:
a. Petregraphic aralysis (ipoludibg x-ray diffraction) CRD-C 127
B, Abresion (L.A. Bebblsr) gradaticw 1, CRD«C 1hS
¢. Specific gravity and sbeorwbtion, CFD~C 107
d. Magnesium sulfabte soundnesa tedt, CRD=C 137
Bimple webtting and Arying test pun as Pellows: n&uﬁw.m and one~inch
Enw B1labs ware subjectad to 15 cycles of wetting and dryilng, cone geries in
Trash watar, the cther in zelt water. Nach cycle consisied of zosking the
sample overnight at room fampersturs and then drying 1t in an oven for elght

nours at lLO°F. Samples were welghed and photographed befors snd afier the
tegt. Salt water was prepared under ASTHM mﬁﬁowﬁ.nﬁdpoﬁ B.Hrwnmmv Subatitute

Ocesn Water.
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EETROGRAPEY

5. Summary. The saupie was an arglllaceous, arkosic praywacke. It was
Primaxrily compesed of spgular te aubanguler grains of feldspar, quartz

and different rock tyoves im a chlorite-nlay matrix, The clay wos expmuszive
montmorlilonite. e sample was relstively sofh and broks e2azily when
siruck with a bammer. Average appavent specific gravity wes 2.54 with an
abgorption of 2.2 percent. ILoas dus 6 abrazion was 27 percent, The loss
in the megnesium swlfete sounduess teszt wag an extremely high 39 percent
With @1l 50 particles flakimg due ©o the breskdown of Sheir matrdix,

During the wetting and drying test, one of the specimens broke in 3 largs
and numersus swall gYleces, The ptner gpecimenz ghowed only minor figking.

5. Memascoulc Charscterizticg.

TFine B
5 centimeters in length. The rock was relaetively soft

and could be Seratohed with the hasdness tester. A1l particles ad &

clay coating on at lzast one aide and many particles had open and clsy
filled fractures.

7. Migrogcople fumrsateristics. The rock contained grains of gquartz,
feldspar, blotite and cnlorite and fragments of rocks in a fipe-grained
matrlx. The feldspar cccurraed ss oligoelase and orthwslamsse and wad
gemerally cloudy and vartially altersd to serlcite. Rictite grains

peie generally stretched with some bpent arcund other graing. This could
hawe been cansed by low grade setamorphisw. The rock fragments were
prineipelly. chert with scme shale, metayoleanic axd claystone. Some of
the metavoleanic rock: fragments combtained seécondary epidota, The matris
was compused of elay, chlorite apd seririte and compriaed from 5 to BO
percant of the semple, The sample was an arglllacecus, srhkesic goaywacke.

8. Cemsosiition by X-Ray Diffractisn. Minerzle identified were guartz,
feldspar, Piotite, chlorifs and montmorillonite tyoe clsy.

ALBULTS OF FHYSICAL TISTS

8. Specific Sravrity
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12. Simple Wettimg and Duying Test. The freshwater slab broke into
3 large Iragments during the £i7th to seventh cyvles, addltiopal
flaking occurred for the duranicn of the vert. The other specimens
Showed only minor Zlaking during the test. Defore and sftey .
photograghs of the %est specimen follow.
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FIGURE 1
PETROGRAPHIC REPORT

TS oci,ﬁ/
UNIT. 22
SACINTEHTYO RIVER PIROJECT
no&dm\f AND GUILER COUNTIES, CALIFORNIA
Contraci lNo. DACWOS-72-C-0057

_ o : . - Ty 1972
.>q§%§..,ﬁ.oz L o

_ 1. Results of tests reported herein were requested by DA Form 254%,
Work Order ' X3=72-t (72-C-0057-2), 6 June 1972 end Coange 1, 14 June
1972, from 1lLe Sacramento U._.nﬁénf

PURPOSE

purpssed [o. use as protection stone ‘on both banks of the Sacratonie
. River at varlous lalacions butween mile 110.8 and 143.8 in Colusa arnc
i B 5

_ 2. Purposc of this study was to de ternine the qualisy of the mateslal
— Sutfer Count! ics.

v - e

i 3. A shipmr nt of opproximately 500 pounds of rock was onowﬁ&. on 7 June

1972. The :asmle wags from Sites Guarry locabed approximately 1 mile couc

.~ of Sites, C:i lifornia. Lt wus divided into three ecatagories: 'Blue",
"Better of %lie Browa" and "Poorcr of Tue Arown”

. T

i

TESLS )

e

L, Tests wire performed as follows: : .
a&. Petr orw. wphic anelysis (incluliog x-ray &ilfraction) CRD-C 127
b. Ahrigion (iL.A. fnttler) gradation i, CRD-C 145 *
¢. BSpecific gravity and absorption, CI-C 107
d.  Magresium sulinte sovwdnoss Sest, CiAD-C 137
es Shwle webting rnd Jdoyio Last rua es follows:  Chuns s and one-Luci
thick slohs were wirbjected o5 L Quelos of webtlyg and deyin:, one serics in
fresh wabter. Lie oiher in camders dach eyele concisted of soakins tau

sample overi Icht ot roem reoand then deying it in an oven for vimhit
hours ot il 7p,

sannlies Were i whched zad ol Loﬁ.\ownmb:rr velore and afber th.

‘best.  Salt water vus prepared under ASEH Specification DLiLi-52, Subgeizune

_ Ocean Vateor.



PETROGRAPIY

¥s. LHGGJ.;H The sarmple was divided u.:ﬁo vheee catagories based on the
m.nmwmm of waathering. he "bluc” rock was fresh, the "Betier of The
grown” wus roderately weatherced and the _.:cok.mﬂ. oH. The Brovn" was deeply
weathered. 7The poorer naterial i'ell apart while soaking for the
determinatinn of absorptilon and specific gravity so no further testing
wag done ‘to thiz material. The rock in oll three catagories was an .
argillaccou: arliesic grayvacke composed of angular to suvangular grains
of quartz, .:leca, Teldspar and rock frogments in a chlorite-cley H:...:.HA.

. Lxpongive m misorilleonite wms the prineipal clay mineral present. The - .
& fresh mater’al was generally sound. Some particles had joints, most of
- vhich wers .ight ond a Jev contained minor quantitics of sccondary
ealecite. T e weathered material was reclatively sof't sad broke m....rcu_.w..\f
when struck vith o hasmer. Average apparent specific gravity was; Jor
the "Blue” 1aterlul 2,39, for "Jetter of The Browa" 2.50, and for ' che
"Poorer of e mu.o::.. 2.04. fRespcctive absorptions were; 3.4 percens,
L.4 percent and 6.5 percent. losses due to abrasion were 26 percent Jor

-r,

- the "Blue" ' nd 37 percent for the "Nebtter of The Drown”. Thc magnesiun

sulfate souidness test is still in progress but the loss in the "2iue"
material ap; cars to'be relabively low while the "Batter of Thae Srown"
mabgrial alicoady has a corparitlvely' high loss. During the wetting and
"drying test the fresh maserial laked sligntly with bota slabs parting
alony joiat: In the tweillth cycle. The moderately weathered material -
-v flaked theotvshout tha test. - )
6. Megmscoric Characheristics. The fresh materinl was greenish-blue
.. and the moderwtoly woathered matecinl was from greenish-redish-yellow
- to redish yeliow. Both types were [ine gcrained except for medium gsized
mica gralns .nd shale Iragments. ALL types could be seratched by the
harness tesizr, Most particles had & cluy nom.ﬂan.

7. Microsccaic Chorpeteristins. Roth types were composed of greins of
quartz; mice, feldspar 2ud chlorite and rock frogments in e fine grained
matrix. Ielipar smgs procent as Loth the plagioclase and potassium
B varities. Tietite was vhe priueipal mica. In the weathered portion of
the sample wrsi of the feldopar has been partially altered To sericite -
g 2nd the iror has been lenached oul of most of the biotlte. The iron was
the swerouwnding 33._'3 in the form of iron oxide, this
“was the rewsom the weaninred mabericl had a redizh color. Rock Traguents
g2 Were prodonintely chert and shole with sume metavolcasic roel and
-oPm‘%maozo alio peesent.  The mourix was cormosed of nontmorillonite tyoe
clay, chlori.2 end sericite,  [6 ceumrises from 5 to 30 percent of the
Individual p.cticles wibia n weathered material generally containing a
ru..mbnn H_Qdf.. itage of matrix n the fresh. The sample wvas an
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8, neﬂmomuswos by X-Ray Diffraction. Minerals identified were quartz,

m feldspar, biotite, chlorite and moniio rillonite type clay.
RESULTS OF PHYSICAL TESTS
m :w. Specific Gravity
Bulk _Bulk SGD ~ Apparent
K : : Specific ~ Speeifie Specilic Absorption,
| Rock Type | Gravity y Cravity oﬂ.pﬁ.wm Percent
B . . ] . 5 t ,. SN .
m "Poorer (1) : 2.28 2.k - 2. mr 6.1 °
of The (2) © 2,21 2.37 . 2.62 7.0
m ' Brown" (3) 2.27 2.4 2.65 6.3
"Better (1) - 2.33 2.bh 2.62 4,8
of The (2) 2.33 : 2.4 2.63 L,.8
Brown" {(3) 2.32 . 2.41 2.56 b.1
"Blue"” (1) 2.33 2.h3 2.58 .1
(2) . 2.h2 2.50 2.62 2.9
. . (3) 2.38 w245 2.5 - 3.1
q 10, Los Anrc'les Abrasion Aon,&wfos 1), percent 1ogs
’ e, "Betier of The Browm" - T 39
b, "Bluy' - 26
11. ob..iwa tatbiv~ and Dryvins Tenob. Doth the fresh water and galt water slab
test specin ns of Ghe Toluc ' ruck uﬂ.:uo& along joints during the twellts n«d#?
Minor Tlaki = Onnzﬂh.am. to all "NIilue” spocinens throughous the test. The
"Better of i Srown" npeeimens floked during ihe entire test. Before and -

after pnotc apss of all test specimens follow.
- AR gt




Table L ,~-Test Data, Rock from 014 Sites

Quarry

Tests

Specific Gravity
(8.8.D.)

Absorption

F
— Abrasion
(L.A. Rattler)

— Soundness

(Mg ,_wo:u

_ Wetting and

Sample #1 &/ Sample #2 2/
{Weathered (Fresh sand-
sandstone) stone) ¢/
2,44 2,58
3.4% 3.3%
U5% loss 29,14
:wm.wm..nm.e.mww o
high loss! 92.5%
Tafter 15 cycles in "31ight
fresh & salt water surface
a notlceable softening sloughing”

and loosening of sur-
face grains 1s evident®

Sample #3 w\
(Fresh sand-
stone) o/

2,504

3.5%

34,1% loss

15% loss

Not Reported

&/ Test by U.S.C.E. laboratory, Sausalito, California,

¥ Test by Hales Testing laboratory, Sacramento, California

&/ Provatly lightly weathered rock in U.S.B.R. classification.
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s HEwY PETROGRAPHIC DESCRIPTION: MEMORANDUM No. -0 4<

~eh o oaten, 9513274 8v: L. I, XJein,
. C. A. Bechitold

cists of angular rock fragments that appear
: fresh and contain some tight, weli~healad fractures, The rocks are fine~
. grained, roaommnmocma moderately to highly porous and absorptive, somewhas
Aﬂ , friable, and are composed of mostly angular and subangular to Tounded graing
M R of quartz, chert, plagloclage and orthoclsse feldspar, biotite, nuscovite,
A magnetite, hornblende, caleite

y iron oxide, clay, and a few scattered rock
fragments, The fragmen:z size appears to he

generally controlled by jointing,
~ ] Lonelestions: Roek comparable to Sampie No. M~8547 15 of poor quality for usa
a3 riprap. .
m " 1/ Average for two cubes, .

° . . LT TR
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FIGURE 3
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. UNITED STATES
Sarese of Loviemaie DEPARTMENT OF THE INTERIOR .
CONCRETE AMD STRUCTURAL BRANCH BUREAU OF RECLAMATION BRANCH FILE NO, n.:ﬁ...uH-M-.nnn!.i-.i.
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82 oare Do 1ITH QUALITY EVALUATION suswitTenav. ... mmmessmseaiz
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Y8 ISAMPLE NO. M-6548 [MATERIAL Guarry rock Joate rec'n. 5-2-74
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& £ [OWNERSHIP [lenry Kron VOLUME Plus 1,000,000 yd>
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L SW_1/4 SEc. 21 [T 17 8 |R 4.W _ |MERIDIAN Mount Diablo
P E© IFEATURE Tehama-=Colusa Canal, reach S - I
% o 5 [PROJECT Central Valley ] . S =
m & & [REMARKS -
vo g [DATE LTR. TRANS. Undated
.m:m..m..m GRADING (DES.4,8,6) CUM % mmﬂ»_zmo ?‘mmq RESULTS | g3 [5m= 1l - 9 I3 - 3 [t 1a E%nm sm,_mhm
o WU feieve| 1T VTR AHUAR FINE ww.nmU A58 | a6
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vnmwb & IN. ABSORPTION, % (DES. 9,10} 4.4, 15,1 |65
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asu m. g N SAND EQUIVALSNT e [ p— [ —
IS DT NA,SO,LOSS,5CYC, WGTD.% LOSS {DES. 19} 25.7 ——
s;.w;o.. Ty IV, L.A. ABRASION (DES.2!] GRADING "A" *p" ‘et °p”
...n...m o Yo % LOSS, 100 REV, 12.8
H g |2 %. LOSS,500REV. 50,2
S9H ] FREEZING ANG THAWING DATA
..m..um YeIN. CONGRETE 1/ RIRRap
n0. 4 W Me 28- DAY "WEIGHT
LIS EE ] e Lse JoRedn e oveces | IREN Jovae
Eggler 1 2.2 | 250
oD NO 18 ALKALI - AGGREGATE REACTIVITY DATA
S MATERIALS SAND GAAVEL
S 3 [nosc CEMENT NO. .
mt S [sas00 SODA EQUIVALENT]
Bohran TEST 4G66. % | 100 | 100 | 50 25 | 100 | 100 | %0 25
- X — | £EXF % -6 MO, ,
G [ EXP%-i2 MO,
PETROGRAPHIC DESCRIPTION: MEMORANDUM no.J3T22_____ patee22iZ07h | syl Do Klein, -
C. A. Bechtold ~

1
§
i

The examined arkosic sandstone conalsts of angular and slabby rock fragments that
appear fresh and contain some tight, well-healed fractures. The rocks are fine-
grained, homogeneous, moderately to highly porous and absorptive, somewhat friable
and are compoged of mostly angular and subangular to rounded grains of quartz,
chert, plagioclase and orthoclase feldspar, biotite, muscovite, magnetite,
hornblende, calcite, iron oxide, clay, and a few scattered rock fragments,
fragment size appeatrs to be genarally controlled by jointing.

The

Conelusions:
riprap.

Rock comparable to Sample No. M-6548 is of poor quality for use as

1/ Average for two cubes,

«
»

shgxr. By



SITES QUARRY (Cuon)

' Teagsess Jaomes L, Ferry & San
Sacramento, Galifornia

Location: One mile east of Sites, Chlifornda, Colusa Gounhy,
T 17 N, E L W, Sec 20 and 21, Sites 7.5 Quad.

Heck Type: Sandstene (Graywacke)

Laboratory Reports: SBD Lab, March 1962 and Juna 1562

Hales Testing Léb, Sacramento, Fetruary 1962

Summary of Test Resultss Mar 62 Feb 62 Jun 62
- Specdifie Graviiy 2.0k " oz.50 - 2.6
. La Abrssion Test Loss L5® 3L.5% AT 39.1.8
. Magncozium Sulfate Test Loss HRel. high 15.0% . P2.EE
! Wedting and Drying Test .
Fresh Water Loosening of Slight surface
«5alt Waeter surface grains sloughing
z 3.5% 3.3%

Absorption " RalE
dmm.u Rojectad .

Geclogy: The rock is a grayish-gresp graywschks sandstone, fine
to medium~grained in texture. The rock hes been used for mary
years in construction of buildings in 2an Francisco, such as the
Ferry Building and the U.S. Post Offiece. It his also Deen uzed in
Colusz and Glenn Counties for constrizotieon of variloue drainage
otructures. Resulits of the petrographic examination are given

in the SPFD Lab rsporis. '

62 R~ ApT 73




e
. STTES (WELCH)

HMMmmm" Teighert Construction Company
8811 Riefer Boulevard
Sacramento, California

P DAL UL 0% L G O OFE@ATHON T

.

.

LOCATION: One mile east of Sites, California, Colusa County, TL7N,
R4W, Secticns 28 & 29, Sites 7.5" Quadranglea.
LAT rZee 1 Lovie B0 IE

Tock Type: Sandstone {Graywache)

Laboratery Reports: SPD Lab, Apzil 1972 & July 1972

- Surmary of Test Results: . April 1972 July 1972
W : Biue Rock
Specific Gravity (Bulk 55DP) 2.45-2.47 2,43~2.50
L.A. Abrasion Test Loss i 27% it 267
Magnesium Sulfate Test Loss . 39%
Wetting & Dryimg Test o
Fresh Water Fractured 5t Cyele wracturad 12th Gycle
Salt Water Minor Flaking " ! v
Absorption - 1.9~2.4% 2.9~4,17%
Petragraphic Analysis Chlorice and
‘ . , Mentmorillonite
present

pSE: .leves protection Unper Sacramento River. Rejected for comtracts
awarded after 1 Oetcber 1972.

QEOLCGY: Im October 1972, a quarry face about 75 feet high and 200 feert
long was exposed. It is a bedding plane face rhat slopes to zhe east at
ahout 45 degrees. ZThe top talf of the face is weathered and discolored
ran to " rown sandstonme which 13 unsultable for riprap. The bortom half
is fresh bluish gray sandstone. Layers of shale are interbedded with the
sarndstone. The shale Is fissile, sofc, and mnmcwnmvpm far use as Tiprap.
Results of the wmnﬂnmﬂmnrwn.mxm5wﬁmwwoa are given in the gPN Labh renorts.
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APPENDIX H

VENADO SANDSTONE
PHYSICAL PROPERTIES AND ROCK STRENGTH
(DWR SAMPLES)



2.5-Inch Diameter Drill Cores from Geologic Exploration
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APPENDIX |

ROCKFILL MATERIALS
PHYSICAL PROPERTIES AND ROCK STRENGTH
(PUBLISHED DATA)



UC Berkeley Report by Becker, et. al., 1972
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COMPARISON OF AVERAGE MECHANICAL PROPERTIES OF
OROVILLE, PYRAMID AND SANDSTONE ROCK CORES

TABLE 2-4

Moisture Oroville#* Pyramid#® Sandstone
Dry. 45,500 psi 8,845 psi
ofip 15,500 psi
frength Average Sat, 28,000 psi 4,797 psi
Dry
and 6.2%10°% psi | 4.2x10° psi 1.8x10° psi
-c_mpression ‘ Sat.
.Brazilian ; ; . ]
Tension Dry _ 1,870 psi 1,896 psi 1,133 psi

#amphibolite only

##Not reported if dry or satuvaied

Deere and Miller (1966) proposed anm engineering classification based
@n strength and deformation. They tested a large variety of rock cores in
'fﬁnbonfined compression snd plotted rhe average values of the uniaxial
'compressive strength versus the modulus of elasticity (tangent modulﬁs at
iSO% ultimate strength) as an arithmetic plot. The plot indicated that the

‘data could be fitted approximately by a straight line with the equation:
Et = 300 9, (ulr)

where Et is the tangent wodulus at 50% of ultimatg strength and o, is the
ultimate uniaxial compressive stress. The ratio Et/Ua (ult) was called
the modulus ratio and its average value was about 300. They proposed a
classificarion chart as shown on Figure 2-4, The average results of
unconfined compressive strenggh and Young's modulus in compression for the
Pyramid Dam, Orcville Dam and Venato Sandstone materials have been plotted

on this figure. According to this classification the saturated Venato




DWR Report on Rockfill Materials for Newville Dam, 1980
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APPENDIX J

ROCKFILL MATERIALS
SHEAR STRENGTH
(PUBLISHED DATA)



"Review of Shearing Strength of Rockfill,” Leps 1970



Friction angle &, In Degrees

Chapter 2 - Embankment Design EMBANKMENT DAMS
Figure 11
70 T " T T T T !
O lsabella Granite 4in. USED 1948 D Inflarnillio Diorite 8in. CFE 1965
- 3
© Cachuma Gravel 7in. USBR 1953 € Inflarnllio Conglom 8in. CFE 1965
65 > Cachuma Gravel 3in. USBR 1953 S Malpaso Conglom Bin. CFE 1965
4 Cachuma Quarry 3in. USBR 1955 | 4 Pinzandaran Gravel Bin. CFE 1965
+ Oroville Taitlings 3in. USED 1963 € Inflernilio Basalt 7in. CFE 1966
/N Soledad Gravel 4In. CFE 1865 X infiernlllo Gnelss X 7iIn. CFE 19686
60 + ® Infiernillo Gneiss Y 7in. CFE 1966 |
\""-.. > Contreras Gravel 7in. CFE 19865
\P""n.,__ < Santz Fe Rock 7n. CFE 1965
\“*\_ 4> Fort Pack Sand No. 20 TML 1939
55 ey + .
~_ :»,?\ *+ Vv Scituate Sand No. 8 TML 194 1
S~ ) B Otiawa Std. Sand THML 1938
TTetTAverage Rockfild™ R v
"-.\ ‘.J \-._“
~ ’ ~
50 P e S } +
~ \ ces s - High Dansity, Well
il < @""(/_Gre ded, Strong Particles
™~ \\
\..‘_\ ) o % ‘¢‘ % ~
45 \\\" w— > > m?\ U@ 2 Q\h_“-+
it ’ O T -
\Q\ 2 1% N . \‘\\ .
g .
< =l R ® +* ™~
> >~ a 0 G+
40 Low Density, Pooriy’/}_ .‘s-.,,__ S 4}
Graded, Weak Particles & S~ A . e % +|‘
e S = N
EY“- o~ O @
'-‘,.__._‘ S~
T :
lAnguiar Sand T TS
35 = ~< ""'-..\ P
'-_‘. L,
[ | ""-...._..-‘ \“.\"-.,_.
"-...-_
~ - Ottewa Sand
30 ~= |
1 2 5 10 20 50 100 200 500
Normal Pressure o, In Pounds Per Square Inch"
Figure 11. - Shearing resistance of rockfill from large triaxial tests [19].
DS-13(2)-9 - 6/1/92 56 SECTION II - ROCKFILL DAMS
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EARTH MANUAL

Table 1-3.—Average engineering properties of compacted solls from the 17 Western United States. Data from reports published between June 1960 and December 1985,
Data from 2005 tests on 1110 samples. Table compiled January 1688

Compaction Shear Strengith
5 peciiic gravity Laboratory Index ciensity Consolidata?d—drai.ne# and consolidated- Unconsolidated-undrainad triaxial shear
undrained triaxial shear fests tests
. . . Av. p[gf:fament Effective stress Av. pia,c_amem Effective stress
Total Optimum conditions condilions
USCS | No. of Max, dry | moisture Dry Maoisture | Friction Dry Moisture | Friction

soll  [samples | Np, 4 | No. 4 | density | content Max. Min. density | content angle [Cohesion | density | content angis |Cohesion Values

ivpe | tested |minus | plug kg/m?® % ka/m?® keym?® kg/m?® % degrees kPa kg/m* % deqrees kPa {isted

2.69 | 2.58 1988 1.4 2187 1746 . Average

0.03 | 0.08 51 1.2 139 128 Std. dev.

GwW 22 2.63 2.39 1907 9.9 1810 1417 Minimum
275 | 267 | 2042 13.3 2332 1896 ) Maxirmnurm

17 10 5 20 # of tesis

2.68 | 2.52 1907 12.2 2212 1808 1933 7.5 42.2 8.1 Average

: Q.04 | 0.21 153 4.3 113 124 238 4.1 2.1 18.3 Std. dev.

GP 52 2.54 1.76 1436 4.1 1826 1375 1482 3.3 38.0 6.0 . Minimum
: 2.77 2,65 2045 28,5 2383 . 1988 2144 5.1 43.8 40.7 . Maximum

a7 1i5 186 50 ) 5 ' | % of tesis

273 1 243 1819 i5.7 : Average

0.07 } 0.18B 186 5.9 ' . Sid, dev.

GM 37 2,85 | 219 1393 5.8 : Minimum
2.82 | 2.892 2130 25.5 Meaximurm

35 17 35 # of tests

273 | 250 1854 14.2 Average

0.08 | 0.15 126 3.9 ' Sid, dev.

GC | 32 267 | 2.38 1537 6.0 Minimum
311 | 2.78 2066 23.8 Maximum

30 5 32 # oFlests

2.67 | 2.57 2018 A 1887 1576 g Average

0.03 0.03 96 1.7 128 142 . . Sid. dev.

Sw 20 264 | 2,54 1888 7.4 1683 1278 Minimum
272 | 2.58 2162 11.2 2207 1758 Maximum

. \ 13 2 4 13 # of fests

2,66 | 2.82 1827 10.5 18580 1542 Average

0.04 | 0.08 180 2 120 144 Std. dev.
SP 81 280 | 252 1648 7.8 1623 1252 : Minimum
2.86 | 2.75 2159 13,4 2199 1960 WMaximum

50 5 8 43 it of tests

2.68 | 2.50 1877 123 1803 | 137e 1760 8.2 34.0 20,7 1821 12.8 333 58.3 Average

0.06 | 012 140 3.3 147 136 145 52 4.8 255 201 5.5 8.1 421 Sid. dev.

S 174 2.51 2.24 1488 6.8 1417 1034 1458 48 . 237 | 0.0 1488 7.6 23.3 0.6 Minimum
3.1 | 2.689 2714 25.5 1968 1555 2018 23.0 40.7 90.3 2122 250 45.0 146.2 Maximum

162 10 133 20 10 8 # of tests

2.69 | 2.47 1906 124 1773 15.4 a7 18.3 1987 111 35.1 53,8 Avarage

0.04 | 0.18 29 24 225 52 3.8 14.5 88 2.1 0.7 4.1 Std. dev,

5C 12 | 258 | 2147 1547 6.7 1458 7.5 25.5 0.0 1843 8.7 34.2 48.0 Minimum
2.84 | 2.59 2109 22.1. 2111 22.7 38.3 421 2035 14.0 35.8 58,8 Maximum

110 4 20 11 3 # of tesls

2.70 16845 20.1 1628 258.2 35.2 4.8 1678. 17.4 31.8 614 Avarage

0.08 168 5.7 . 179 9.5 2.5 34 161 5.7 4.3 245 | Std. dav.

ML 83 252 1355 10.8 1292 185 3t.4 .0 1512 114 252 214 Minimum
310 2018 34.8 1778 40.3 323 10.3 1808 25,8 37.2 82.0 Maximum

80 36 11 4 ] # of tests

2,78 1372 331 Average

0.27 35 1.5 Std. dev.

MH 11 2.47 1327 31.5 ' wMinimum
3.50 1425 35.5 Maximum

9 4 # of tests

2.70 | 2.48 1768 16.4 1665 18.3 28.1 15.2 1760 15.3 24.4 91.0 Average

0.05 | 012 97 ad 174 5.7 5.0 18.8 86 2.4 70 49.0 Std. dev,

Ct 305 258 | 2.34 1388 10.7 1297 10.2 10.8 0.0 1822 11.6 8.0 0.0 Minimum
2.87 | 275 2002 30.8 1822 35,0 36,8 1041 1886 20.2 338 - 164 .1 Maximum

361 8 286 31 : 24 # of tests

273 1531 24.8 1408 30.6 20.5 32.4 1574 22.7 181 1241 Average

0.06 102 52 107 £7 83 31.0 92 4.8 6.7 28.5 Std. dev.

CH 101 2.51 1318 6.6 1249 22.4 10.8 oX} 1438 17.9 5.1 85.5 Minimum
2,89 1720 41,8 1558 42.0 0.8 108.2 1680 29.1 26,1 148.2 Maximum

; a3 36 11 5 # of tests

Convetsion factors: 1 kg/m® = 0.06243 7% 1 kPa = 0.145 1bfin?

50
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Notes:
I. All results corrected t
g 50 placement void ratio o? 045
> 2. All materials have same gredation
@ with maximum particlie size =6"
k) .
e 46¢ ;
- 82
S
. 42 -
o
@
=3
k5
38
_ © Sandstore S ———— -"—-Q
34 _ | - : —
0 : 200 - 400 600 800
Confining Pressure - psi
FIG. 3-9 IC-D TEST RESULTS FOR 36"DIA. SPECIMENS OF
MODELED ROCKFILL MATERIALS
54
o 50 I. All results corrected to
;&: placement void ratio of 0.45
° 2. All materials have same grado?'i‘on
c with maximum particle size = 2
S 46 ' |
ke
u
S 421 —
@
o
o
< 38 :
e a— IB—
Sandstone N2l
34 : :
0 200 400 600 800

Confining Pressure - psi

FIG.3~-10 1C-D TEST RESULTS FOR 12" DIA. SPECIMENS OF
MODELED ROCKFILL MATERIALS
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“The Quality and Suitability of Rockfill Used in Dam Construction,”
by Penman and Charles, 1976



Q. 44 - R. 26

designed with a capacity of 15 MN. Drained triaxial tests on rockfili from
Infiernillo showed @’ decreasing from 46° to 36° as the confining pressure
was raised from 0.1 MN/m?® to 2.5 MN/m?. Marsal e! al. describe the rockfill
as a mixture of sound fragments of silicified conglomerate and diorite
and add that this may be considered among the best materials possible
for rockfill. ‘

A triaxial machine buiit at imperial Coilege to lest samples of rockfill
0.3 m in diameter has been described by Tombs (1969). Tests on heavily
compacted sarmples of Carboniferous sandstone rockfill from Scammonden
dam showed a @' = 49°at a confining pressure of 0.1 MN/m? decreasing
to @ = 37°at a confining pressure of 1.7 MN/m?(Charles, 1973), i.e.compa-
rable with the strength parameters found for the Infiernillo fill.

high at confining pressures up to 2.3 MN/m* The loading frame was

If the Scammonden rockfill is regarded as an average qualityfrockﬁll,
then the material used at Balderhead must stand on the borderline of
what can be usefully described as rockfill. Consolidated undrained tests
on the Balderhead shale (Kennard et al., 1967) show @’ reducing from 39°
at an effective confining pressure of 0.08 MN/m? to 35° at an effective
confining pressure of 0.17 MN/m®. :

In making comparisons between these results several factors must
be considered. Firstly, the tests were made on rockfill samples with different
maximum particle sizes. 1o the large-scale rockiill testing equipment built
at the University of California samples 0.91 m diameter X 2.3 m high
can be tested and drained triaxial tests on rockfills with parallel grading
but different maximum particle size have that gradings with a maximum
particle size of 150 mm have an angle of shearing resistance about 4e smaller
than samples of the same material with a maximum particle size of 12 mm
(Marachi et al.,”1969). This may account for the Seammonden sandstone,
tested with a maximum particle size of 76 mm giving slightly greaier angles
of shearing resistance than the Infiernille conglomerate rockfill with a
maximum particle size of 200 mm. '

Marsal has carried out tests on & granitic gneiss rockfiil from the site
of Mica dam and also used different gradings of the rockfill {Marsal, 1973).
When results were compared at the same confining pressure, & well
graded sample showed an angle of shearing resistance typically about 4°
greater than a uniformly graded sample.

The shear strength of rockiill measured in triaxial compression &also
depends on the initial porosity of the sample.. Small-scale triaxial tests
on the Scammonden rockfill indicated that the angle of shearing resistance
reduced by about 1° per 1 % increase in porosity at low confining pressures.
With increase in confining pressure the dependence on initial porosity
was Jess marked. ‘

The angle pf shearing resistance measured in the triaxial fests osn these
three widely different types of rockfill do illustrate the relatively small

549
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APPENDIX K

ROCKFILL MATERIALS
DENSITY
(PUBLISHED DATA)



UC Berkeley Report by Becker et. al., 1972
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The change in relative density of specimens having the

xaﬁid gradation.
ae void ratio, but different maximum particle size for the modeled
adations can readily be seen in Table 4-2. The Venato Sandstone material
ﬁjthe least variation in relative denmsity for change in meximum particle

ée of the modeled gradation, which corresponds to the nearly flat curves

ot this material on Figure 4-3.

ABLE 4-1 MAXIMUM-MINIMUM DRY DENSITIES AND VOID RATIOS FOR MODELED
ROCKFILI, MATERIALS

MAX IMUM SPECIFIC] MAXIMUM MINIMUM| MINIMUM MAZXTMUM
DPARTICLE | GRAVITY }DRY DENSITY| VOID DRY DENSITY| VOID
SIZE (IN) (PCF) RATIC | (PCF) RATIO
ramid Dam 6 2.62 120.2 360 95.5 L7122
at Pyramid 2 2.62 118.6 .378 94,2 .735
gradation + 2.62 116.5 403 92.5 767
‘Crushed Basalt 5 2.87 136.0 317 108.2 .655
at Pyramid 2 2.87 131.2 .365 103.3 .733
Gradation . i+ 2.87 125.0 433 96.7 .852

Venato Sandstone 6 2.74 119.7 V428 91..0 879
at Pyramid 2 2,74 119.1 435 91.0 879
Gradation 4 2,74 118.3 445 91.0 .879
Oroville Dam 6 2.93 157.0 .165 128.5 423
at Oroville 2 2,91 153.5 .187 124.2 467
Gradation + 2.88 146.1 .230 115.9 .550
Oroville Dam

at Pyramid 2 2.93 139.0 314 117.3 .557

Gradation

Angle of Friction and Relative Density

In order to determine the effect of maximum particle size on the angle
of friction for tests performed at constant placement relative demnsity, it
was necessary to prepare curves showing the relationship of the angle of
friction at different placement relative densities. These relationships,

for samples with +'' maximum particle size are shown in Figures 4-5 through 4~7.




APPENDIX L

USACE INSPECTION REPORTS OF SITES QUARRY AND SITES QUARRY
(SOUTH) FOR SANDSTONE USED AS RIVERBANK SLOPE PROTECTION



"MEMO FOR RECORD

) 7.5 minute series.

RIA[SIE
14Mar72
SPEED- Revised 21 Mar 72

SURJFECTS Inspecfinn of the Weleh and Cion Quarrics nearw Sitas,
California

i. The subject 'qua.rries were ingpectaed|on 13 Mareh and 20 March 1972,
by the following District parsonmnel: . e

[

Edward ¥, Hashinoto S G- TRVLELSH

Chester R. Zisbazth Valley Resident Ofc .
Ervio L. Olen | Msvl Project Office
Reed J. Andersom ! Engineering Division

. - H
M. Olem waz net present on the 20 M.arc%;x inspection.

: ! . .
The ©wo quurries ac= located about (0.3 miles apart in the lower Epothille of

rhe@opast  Range. They aze 8.7 to 8.0 miles northwest of Mawwell (Ersewsy

exit) and about 0.5 wmile o 1.1 miles aa's‘c_‘of Sites io Colusa Coonty (see

sreached location map). Both quarries gre In T17¥, BAW. The Welch QuarTy
15 in Secrion 29 and the Cwmem Quarry is| almos: due merth in Secmions 20
end 21. ‘They sre sccessible fxom Intarstats 5 via the Sites-i.” . T -Road,
z paved two-lane highway. The srsa e shown on the Sictes Quadraagie, afteds]

2. The purpose of the inspection was TP make a preliminary evailuation
of the Welch Quarry and te obtaim & rock semple for testing b the Division

3 Lttt B . The Crom Quarry was-visited and willl ba
dememibad briafly to eliminats someé confusion that has oxisted betwoen

the two gquarries. Previcus reperrs refer to both quarrdes as the Sites
Quazsy. The imspection of the Welch Quisxry was made with Mz, Wayne Russell
af Teichert Construction. : '

3. The history of the quarries is not I!available in detail. Samples from
the Welch Quarry wers Lested by the S:EI{ Lsboratary im March apnd June oFf
1962 and by a private Lzboratory dn February 1962. ITam July 962 the
quarry was approved by the SacTamento District as a source of rock for
hank protectien providing only the fresh, dark grayish green graywacks
{(sandstone) ic used. [MENE mie ank R HE




cr juaTTy has nol boon A By Lhe Shmerzmento Discricnr snd has not
beer= used on amny Distriet job. Rock frem ome or bokh quarries is reporcad
re hawe beem used for bulldinyg construction im San Francisce smd in Ehe
olé Pusc OFffice Buildimg at 7th and ¥ S#iveers in Sacrgmentcg. The sowuth
face af the Cron Quarey has heen line drilled on 2 Tto 2.5 foor centlis,
probeably Low tha purpecse of taking ouc huilding stoum. FPresenf OWRELS

of the guarrics sys Harry Gren, Williemd, smd Eleanor Welah, Colusa.

The Croh Quarcty 1is leased by James L. Favry and Som, BadrameEntd, smd the
wWelch Quarry is prasexcly lessed by Telichert Comstructlicon, Sadraments.

4. Except for slight color variatioms, wocok from the two quarzles is
simileax. It 1s = grayish grees to bluish gray graywacke (sandstone)
samtaining a few chin beds of shale. IE probably belongs to whe Cretzc2ous
Chico or Shasta Formation. It is distinculy tedded, mtrikes about normh-
seuth and 4ips to the sast an 40 o 45 degrees. Thicknesg of the sandstonz
bads ranges from a few inches up e about 3 feet. Beds sppesr ©0 ha gecting
rhicker with depth. Where thim bedded, the rock rendds te be weathered,

arc legst near the surface. Ereshkoge will be controlled pactly by bedding .
mepecislly in rhe thimper bodded sequences. At zhe Welch. Quasry the
prasant facs 13 8 bedding plane surface at l=ast 100 feee high and about
130 feer widwm. The woek in the face is massive appearing and has no
apparent structural wenknesses excupb for scatrhared jeints. Wherea broken
by previcus blasting vperations, the Took has soms tendency to brosk incto
{rregulsr slebby pieces that arc mot related to badding rlane wsaknesses.
The Oron Quawry has been opensd at the sputh end of a norch—south Tidges,
and the fFace develop=d is shout perpendiculsy ro the sirike of rhe bedding-.

4 rhick sscticon of east dipping graywatks beds is exposed. 'The rock Is
czsentlially the same as ab the Welch Quarcy.

5, Im detsil the vock iz z falrlyr wmiform fine—-gralned graywac ke that.

ies moderately hazd and very slightly fFriable (s few graims can be braoken
of f by hmard rebbing)- It appears to heé heavy n.:nuug;b. ro meal 1:11:‘-_.::3.ix's\r.'nxm.v
speciflc gravity requlrenents, altbough some of the sagmples tested by SED
in 1962 were Just undar the minimum reguired. The ‘fresh rﬂ?k iz Faiyxly
rovgh and appears able ©o withetagd such trzatment =25 blasting - lcmiing,
dumplng, a2nd spresding without axcessive brezkdown. A degfln:é_tﬁ sta r&mzzt .
regarding durabkilizy canmob be made prios to leboratory TRsTIDEs noweVveT,
as the wook s net extrenely well cement=d- :

’



6. In the rock exposed in the Welch Quarry, weathering is not a problam
except in the upper 5 to 10 feet, in the thin, highly fissile shale beds
and on the extreme lefr side of the quarry where there is a sharp break
between good guality fresh rock znd rotfen xock. Mr. Russell said that
the Contractor does not intend to work the left side whers the weathered
rock occurs.

7. Conclusions.- Welch Quarzry. Although the rock appears to be of accept—
zble qualiry, the specifie gravity and durability chavacreristics have

to bz considered questionsble until proven adequate by lzboratory tests.
The -rock in the main part of the gquarry: appears to be uniform in quality,
and if the sample submitted to the SPD Laboratery proves te be aceceptable
thers should be litrle need for extensive inspection or control at the

quarry site. The contractor should uvnderstand, however, thar the rotten

rock near the surface and on the left (30uth) side of the guarry face will

* have to be avoided or wasted.

A&li 2‘&;¢%¢M”j_
1 Imel REED|J. ANDERSON
as _ ‘ Geologist

cc:  Engr Div (2) ~
=0 Div . _ ‘ -
Valley Res Ofc :
¥&M Branch -

Emb Des Sec "

Genpl & Cone Ssac
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RIA/SiE
5iuly’z

SPRED-T 20 Juna 1072
MIIC TUR RECORD
SULJECT:  Inmspeestion of Quarrying Operaticn ar Welch {(Sices) Quarry

i. TReferencess

s, Memo for Resord by R. J. Andersen, Zl-March 1972, "Ioszvaction
of tha Welech and Cron Ouarries nieaw Sites, Cazliforaia.”

Y. Mewme for Rassrd by .P. J. Guchrie, 21 April 1372, "Inspeccion of
ock frem Weleh (Sites) Ouazzy.”

o

2. The subiech gquarry was vigited on 28 June 1872, by E. M. Hashinoto,
C-0 Tivistion. 2. J. Andersom, Foundestions and Materials Branzh 2nd

D. L. Mawsck, Valley Regident Office. FPurxpose of the trip was o observa
the sheoting of an-araz of the main quarly face and to inspect the zock
produced by the blast. The Contractor (Teicherc Construction) had
reported rhat the main face wowld be shot at 2:06 p.m. on 29 June. Toe
areg iz of particular interest herszuse, on the surface, iT appears IO '
concain better rock than any produced frem tha quarry thus Lar.

3. Om arrivsl a2t the site the drillimg and blasting metheds being wvsad
wore discuvsged with B. Lundgren of Mid Svare Contractors, Senora,

Galifornia, who has subcontracted wirh Talchnert to opapace the gquarsy -

Mmthode being used ssam appropriate for the rock Type and condition of

the querxy. Accowding to Mz. Lundgren an averags 3-foot hols spacing

is peimz used, but the holes might be In an & X § foor square or staggered
parcem oF in a 7 = ¢ foot staggered pattarm depanding on the size and
shape of rhe area being driiled cut. Maximum hela depth in production
areas was saild Toe pe 20 feer. Ammonium nitrate (fareilizar) with Ffuel

oil ie usaed wirkh 55 percent gel primers. Miliscesnd delay caps azm used
For maech succeading row of holes. powder factors are reporited o be
between 0.6 and 0,8 pound per yard. : '

4. ‘The area which was drilled cur znd loaded zU the time of the visict

was not the area of the main face as anticivared. Tt was a small area
(perhaps 25 by 40 feet) Ta the 1eft (south) of the main face whers tne
rock is highly jointed, weathered and seamv. The areaz could not be
inspected closely before the blast because the shot wes already wired.

The blast liftad the zrea only enocugh TO cpen up jolnts and lovsen the
vock safficiently so it couwld be pushed down the slope with desers. It
did mot open up a face op tha back of cide rhat could be inspected fo¥
rock quality. The rock in rhe shot that could be seen was brovm, blockily
jointed. weathered md it scemed To contain a loz of soll.

.




5. Three vows of holes im the upper central part of the main face had
boen Arilled burn thay weoe not losded. Aceording to the foreman from

Mid S=ape Contractors, drilling will be finiszhed in this azea abhour

4 July and the blast will probaply b= made at,.3:00 p.m. on that dara.

. The overall condition of the quarry did¢ not seem to be improved over
5 conditlom om s#te last vizir of the undarsigned (6 June), OCmn.the

outh side at about the elevaticn of the crusher and apove the materisl
exposed contalns more scil vhan rock. I& was being excavated and wasted
witn front end loaders. The crusher was not operaring, and there was no
mararizl in sight thar appeared o be sultsble for processing. Stripplng
at the top of the main face and sbove has produced two benches about 20~
20 fect wide. Rork exposures arte spotiy in the areaz being st¥igpad.

f%i@{‘? CELA&@@HU
CREED J. ANDERSON
Gzologist '

6
=
=

ce:  Engr Div (23
c-0 Biv
Johm Crove
Yallev Res Ofc
Designs Dranch
¥&M Branch {Orig)
Geol & Conc Sec
Emb Desx Sec




RIA/sif
177ul72

SPKED-F , Ny 14 July 1972

M40 FOR RECORD

i

SUBJEEE: Inspection of Rock at Weleh (Sites) Quarry
I, Raferences:

a. Mems for Record by T. R. Smirh, 13 July 1972, ™Meeting with
A. Teichert Persomnel to Discues Sites Quarry, Contract 72~-C-0057, Unit
22, Sacramento River Banmk Protsction Project.”

b. Memp for Reeord by R. J. Andersom, 29 June 1972, "Imspection of T
uarrying Operatiom at Helech (Sites) Quarry' and references a and B.. '
2. The subject suarry was visited en 14 July 1972, by E. M. Hashimorte,
£-0 Division snd R. J. Anderson, Foundations and Materials Branmch- The
tyvip was made specifically to inspeet the 5,000 ton stockpile of good
gualiry rock that personnel of Teichert Construction had said was at the
quarcy gite (ref. a.) and incidentally To observe the overall quarry
operation and the quality of rock ewposed.

3. There is no separate stockpile of better guality rock at the guarry.
The rock beinp produced at the quarry at the present vime is being dumped
on the west side and around the sbuth end of the éxisting stockpile.

The dumping has been donme in such 2z way that it is impossible to separatke
the more recently processed rock from the older rock. Thus, there is no
distinerion between the nawer, "bettmr gualicy’” Tock and the older rTock
which has been inspected, sampled and tested previously.

4. Twe rock rhat was being hauled from the crusher during the inspection

of rhe stockpile was better than most of the rock seen at the guarry before.

1t ecantained an estimated 10 te 15 percent brown rock of which a large

portion was the  softer brownm. However, inspection of the stockpile whews )
(according to an equipment cperator) recently processad reck had been ' b
dumped indicated that overall it is similar, to that produced previously. ‘ ;
Some is better quality, most appeared to be about average for the quarTry,
some is considerably worse than average. One ares contained more than 30
percent brown roek. It appears that the comiractor ig deliberately

mixing poor guality brown tock at the crusher with the better qualirty cock.
During the visit the equipment operators wers observed tzking 4 or 5

buekats of recently shot rock to the crusher followed by 1 or ? bucksts from
an area nesr Che crusher which comsists of soil and soft brown rock.




SPKED-F ] 14 July 1972
SUBJECT: TInspection of Rock at Welch (8ites) Quarry

5. The quarry itself has mot improved much in appearance since. the visit
of 29 June. One area in the upper central part has fresh blue rock exposead
in the baclke face. A bench in front of this face contains relatively fresh
shale which 1s too soft and platy to be zcceptable. An area on the upper
right side is being drilled out, but rock expoused downslope from the work
area is of poor quality. Therefore, it appears that the overall quality

of rock produced frem the quarry will meot improve in the lmmediate future.
The comtractor is mot concentrating his efforts im the part of the quarry
rhat conzains the better quallity zocl,

* . & !
DY & N

R. J. ANDERSON
Geonloglst

eer  Engr Div (2)
C-0 Div
Jehn Crowe
Valley Res Ofc
Design Branch
F&M Branch (Orig)
Geol & Cont Sec
Emb Des Sec
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THCHERT CONBTAUGTIEN - . - o)
! _ G T
(G

Septembex 28, 1872

Depaxtment of the Army
Corps of Bngineers

Sacy amento District

650 Capitol Mall

Sacramento, California 95814

Attention: - Jamas C.'Donqvan
Colonel, CE
Contracting Officer

Subject: Quarry Stone at Sites Qﬁarry
Gentlemen: o

A+t +his fime we wish to inquiﬁe what the Corps of Engineers’
position will be on suitability of guarry stone produced at the
gites Quarry for slope protection: rock on future contracte.

As you ars awars, this quarry%has ween on the Corps of Engi-

neers approved lis+® for some time: We ars currently using it
on our Unit 22 contract and it has been used on other past con-

tracts in rescent years.

At the present time, we have jeveloped the quarry to the e%-
+ant that we are producing almost entively 2 hard, duxable gray-
wacke sandstone, darxk gray or gray~green in ecolor. The guantity

of rock of this guality is extensive. The specific gravity is

over 2.5 and the spsorpticn is less than four percent according

to tests you have Iun.

There is some guestion as to the rock meeting the specifica-
rion requirements that nhave appeared in your most recent bid in-
vitations. Theé most critical test for this rogk appears to be
the sodium sulfate requirement {ﬁSTM—C gg) that has appeared in
rocent specifications. Although ‘we have not raceived any test
results from you on sodium sulfate, we have 5ome tentative results
on magnesium sulfate soundness (CRD~C 137 =hat would reguire

Further alarification.

As you are aware,_economical sources of rock are searce in

. the upper Sacramento River area {Knights Landing North). It ap~

psared to us that the Sites locapion would fulfill the needs for
zyure contracts in this area because of its proximity tTO the river
and the sultability of the rock. :
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Corps of Engineers.
September 28, 1972
Page Two . -

= .

:

On this basis, we entered into a loang term lease with
Mre. Welch, the ownex of the guarry, and have made considerable
inveskment in plant equipment and pit development, not only to
Fulfill the reguirements of our Unit 22 contract, but in ordex
to supply rock for future work.

A+ #his timm we are necotiating the extension of ouxr lease



Al AL LAl Y e Sk e aase T o —— ey
with *he owner and, as a result, the futurs of this pit neesds o
be Setermined at this time, both by ourselves and for the owner.

we will appreciate an early reply to this inguiry. ZIf you
have any guestions in this regard, please contacht us.’

i : : Very truly yours,
TEICHERT CON STRUCTION

(i:zv?ézzé%iiwfhnf; '

5 . Carl F. Bauer
e ‘ Manager Heavy Engineering
CFB :dw
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. #pd soft is comp letely unauiltshile f£or riprap,

! RI&/sIE
! . 130ee72

SPRED~F

E o 12 Ogtobey 1972
MEMO FOR RECORD

|
SUBJECT: .Inspection of Walch (Sizes) ?uarry
1, The subjest QUAYTY was vigdted on 11 Ocfober 19?2, by J. Crowe,
w0 Division, W. L. Goeckexr and R. J. snderson, Foumdations and’
Materials Branch. The crip was made to obgerve the condirion of
The quUaxrys the qualliy ot Tock being produged and the potentisld

of the quarry im terms of wrock guality amd quantilty-

2, TDesexiptlon af guarry. At the present Tim
feer long and 75 feex high 1ls exposed |in the central part of the
quarry. i- 38 8 bedding plans face that slopea to the east as

about 45 degreea and is 50 ne BO faet| farcher into the hill than

the uriginal face that had been develspsd. A small plug of rock

between these Two faces remaing Lo be blasted. snd the south glde
of this section eXposcs the type of qock chat has bean encavaned

regently. L1t congists of about paual amounta af bluish grTay +©
derk gray meostly fZresh detone (gravwackel ded zhale.

e s face aboutb 204

i
., 2 » . S e e i =
{ref. D Laboratery repoxt dated July 1972,
Hapofe, 3ites Quarsy, Unlt 22, Sacramenko piver Project,
Colusa and Surcter Counties, Caliﬁorn#a"). e shale, wnich £8 fissilie
' and &% must be mepprated

der to produce Zocle
chat ecomes close to meating Sacramerito District specificarions- Sande
grome axposed in whe main face is b;uiah gray and fresh from the
bhortom upward about 30 ro 40 feer and 18 discolored tan to browm by
wearthering in The uppeT 50 we 40 fest. The upparmost 5 To 10 feet is
highly weathered +aek and soll. :

3, Upslepe fxom the qQUSITY face isfa series of wandstone faces that
are saparated by relatively Zlal b%ndhes. The sapdstone DoLCTOPS
are dip facea; the benches A&TE intearpretad to be shele layexs ., and

1t aRppeArs chan she parcentages of lsandstone and shale are roughly
ek . ;

t



SPRED-F ' ‘ 13 Ocreber 1972
SUBJECT: Imspection of Welch (Sites) Quarry

4. A muck pile in the gquarry consists of frash to slightly weathered
sandstone with a large percentage of dark gray fines that are appavently
produced from shale layaers breaking down f£rom blasting and squipment
operation. Much of the sandstane i In blocks that are teo large to

be run through tha crusher. They will require plugging and shooting

or w11l have to be wasted. The nead to separare fines and redrill and
shoot boulders would seem to create 3 'very ineffieient operation.

5. Ar hoth ends of the guarzy inm fromt of the present face are large .
banks of moderately to highly weather%d sandstone and shale with large
amounks of brovm clay. This materiallshould have been stripped before
quarrying operations were begun., In the past much of this type of
marerial has been processed through the planct. and some &F it ends up

in the stockpiles mixed with the better Yock.

Evaluation of cuar
V2 : ih']
and the best of it is only considered to be marginal under the specifi~
catdion currently in use. Any upgradifig of the specifications would

probably eliminate all of rhe rock from consideration. The low yileld

of usable rock cuts producrion, incresses the time factor conailderably
and causes delays, and it sppears that this gituation is not golng to
change in the forsesasble future. Thel prodlem will continue as iz has
throughout the operation of the quarry of separating the poer 10 medium
quality rock from the acceptable reck. In the central part of the quarcy
where excavetion i underway at the present time, tha soft platy shale
must be separated from sandstone. This is bedng accomplished with a
grizzly, and the operation is generally successful, but a few larze

£lat blocks of shale are getting through the grizzly and into the stock-
pile. On the levee slope thay would break down rapidly and lesve a
void im rhe rock facing. When a new face is started in back of rthe
present one, there wlll be two problems; separating shale from sand-
stone and separating sofrer, weathered sandstone from harder fresh

sands tone. In the upper part of the guarry {£rom ground surface Lo

a gepth of 30 to 40 feat), an estimated 50 percent shale and 25 percent
weathered sandstone will eut the volume of acceptable (marginal) Tock

to sbout 25 percent of the total production, Below the weathered zone
thie rat 111 increage ro about 40 to S50 percent.
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SPRED-F ' 13 October 1972

SUBJECT: Tuspection of Welch {(Sites) |Quarry

¥. Gonclusiens. The Inspecrtion wrip and the past vecord of the quarry
lend to the following conclusions. ‘

#. The beat week avallable from the quarry is still marginol undey
present specificandons. '

b. &ny rock furndshed from‘the qﬁarry will concain a cercain amount
of mafr shale and weathered sandstoue mixed .with fhe bluish gray sand-
sCovie. '

. EBecause of the large amount of wasre, rhe quarrying operatlon
iz inefficlent snd ir 15 doubtful thar large smounts of riprap cun be
furnisbhed in a timely manner. '

d. Thers iec no dats such as core samples availlable to Iindiczte the
type of marerial behind rhe present face; however, surface evidance
indicates that it will be similar zo char produced dn the past. There-
fFore, thave 18 no reagen Lo expect improvement In the voeck quallity or,
opeTating condizicons. ) .

e. The guarry should be canaideﬁed as a source of Tiprep only for
enargency situatlons. .

ﬂ%gadﬂ/ Hlicdasires
R%ED . ANDERSON
Geolezist

cg:  EagTt Div (2}
C=0' Didwr
John Crowe
Valley Res Cfa
Design Branch
F&M Branch (Orig)

Geel & Gonc See
Exb Das Scc;pﬂ"’_*



APPENDIX M

MUDSTONE
COMPRESSIVE STRENGTH AND BRAZILIAN TENSILE
STRENGTH TEST RESULTS
(2.5-INCH DIAMETER DRILL CORES FROM GEOLOGIC EXPLORATION)
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APPENDIX N

MUDSTONE
SHEAR STRENGTH
(DWR PUBLISHED DATA)



e ot e S R SR e T e Bt el S S P T e S e SR e R ne i W ﬁEhREﬁf&d@REPgﬁc@wﬁ.ﬁwfg‘J.r...;(&. SRR
" g+1 @2 ST S ...é.~ TR 11 mo‘mm. el m_:. - S > patd’ el g ma Hag alt .az - Yotk sty
n g*1 02 4 LE 801" T 211 2*'se 0zt 6t1 g2t (4 sa*e il g2 59 oot diN o¥ CogEr Calyy
. €' 12 : 0 _ s . 0g" 0 6°01_ &'ge. 220 611 £21 02 o' 01 G2 - §9.- 00T - dN aN o T *Es  dobuy
. e} . . - . ’ - : . ’ T S, =

S L1 12 0 - g 09°* U 6'0f 2'%h 221 611 42! oe 6542 ol g2 59 001  dN dgN - P OBEY T Euliyy
W BT 12 0 6L tg* v p'01 2'sh 21 etl g2l 02 £9°2 01 G2 g9 901  dN gN . By d4luy
m 0 9 0 &€ 8 bp 8'6  g*v6 EQEL 121 821  og gL"e 11 g2 19 001 dN gN G65¢ binlpy
* 80 LY 0 L6 0BT gewp 221 12U g2l 02 | g2 11 £2 lg 001  an um - cust yabrsg
¥ 0 0 . 0 & 0 V0T 6'6  g'we 12T 120 @2l 02 ;"2 U1 €2 iy 601 N N caa wricy
) 00 o 0 Tg* u €401 2Z*gs 611 Il g2t bz 22 0 gt gy 001 4N 4N CJES 9sTay
H t*1 28 1Y et ag* Y I*11 66 EI1 211 81 0z T2 0 gX 120Ul dN oN g1eg eyliy

. . . i
H Ll 22 LSS 1 3 o CBr1T gtes | ETL 21T glI 0z 2t 0 FU 1z DOT  dn N : gtyt 2ulsy
¥ 'l 2z I* v . 4ot u I*11 6*v6  £I1 211 gld 82 142 gt 12 g0l dN aN - Alel eylyy
A5 3 THd4 33 1Hd3 ANTVA8 VS D/R gWoD NOL  NGT  NOW N3 *0°dS WS- QUZ- pEa b I¢1 Sgq  wo Ut
. WS {dud 3unsY3IN-U3aNIVHORN SNOD=XVInL) 3D
(W3 1SK6 NOTLVITASSYID AITFINMITII0S 40 Tdal 1831 20 3dag
. NIW u3d ni . 1% 1I¥YLY
Q4070nAl~-1 U304NESIONA=N  3d4) dlanw¥e  igs
W2 b ¥4 SHOY SISS3IPLS_IVI0L=3d0713ANI HiONINIS A0 1d3DuT mg 33
. 5334530 $3553u1S WI01=30073AN3 KIONIHIS 40 e Tagl -
- W3 B 43d SWON  g3ssFyig FAILTA43-T4o1IANE HiONTHLS S0 JEERFEITN 33
$334034Q $35S341S IAL103443-39073ANT HIONINIS 40 d19nv  [mad
. : kD DS H3Id $w9M AYNIIVS 1Y 3PnySSIHd HIIVR Iung ded
. S5FHIS HYIHS YVH eccnmwmmwcmma= W3 D% d3d SHOM AHATIvd Ly SE3NLS HyIHS-HYIHS |53nly 3 gHs
SEAHIS J43.0T1VY Sg3n1s NIyd H443 yVH) emcccwcmcmcam. #) Bg H3d4 SHON IHNNIVE LY SS3M18 HOLVIAZO KL IIVH-yVIdg 4n4 nHS
S5341S WiLL=SsAuls HOIVIAZD yVhy , W2} 0§ ydgq SWON §S341S IVWHON=-2#VIHNS 331U ung HOW
- W3 05 H34 SHOM INIVA LY Ss3dis WdiOnldg FUVHIAV-XVINL nnd  HON
38071Vd 40 NOTLINISZ3EQ ) H HILIWVHYS FHNSSAND Fung H
IN3D ¥id NOLEVANEVE LS
. iN33 H3d ; INFINGD HILYN IVE}in] I8
. ] ) N33 Hid NOTLIVAWOD N3 u3y  aa0d
13 pd y3d 81 - NOTLYOTI0SN0D w3Ld4Y ALISHIU 4u0- sy
, . id n2 nad H1 .

A11SNIT Ay0 .._dh»Mu.m K]
: . ALISNIQ AHG weTyYw iy, .
' 14 DU H3d WQMEIHW >m:._w7_m ZOH._.Ucn_o.Mﬁ_U N3 ”
AdL¥Id=d  O30NNOH TM3k=-dM  030NNOH~H CIONNOVENS-HS  dYVINONYBAS=YS MY INONVey  (TIAVMO-QNYS) JdVHS ANl uvd” Sd
WIANTIVeY  AHVINIWIOAS=S  DIHJUOWYLAW-h  IAISNAINI=1  DInNvDI0A=A HID180 110g Ho

14 N2 u34 87

NUTRINDA30 . InvN
2 IMRVL -~ vivg 1831 4108
RL6T~T -1 . AUNLS NOTLYTIIHHOD nigN3HLS HVINS

an .y .fiwgw ) .w . . : o g



A e

A A T R L e R A

1 ¢ 0
H mJ 91

M.xu . 51
..-*
M. 61
H g &t

Y TR
S a° 61
L Y-
w 133 QAT
TR U ST
LT A S}
u.um. 21 »w
.r” - .w._..»a
] TET gt
H - 31
H a* Fal
H a* 1
H g* 11
H c*1 02
E &*1 0¢
# s*1 0¢
H 51 62
b t*1. 22
H vl 22
H awﬁ 22
H ‘5t 02
H g*t  ee

ALS 21 Iudi

gy . § zmww

43

&g
gE
8E
8¢
¥E
9E
9€
9€
g€
1y
5
sE
13
SE
=13
GE
GE
L€
LE
Le
iE

1€

1Hd3

B T LT VS

Oy*
aowﬁ
6oy
ag*
60§
[T LN 3
0;*
00y
go*t
ogey
0ge
Oge
0g*
6oy
Gh"
is®
6"
Ep*
00*T.
gae -
06"l
Op*

gg*®

Inlva=4

v 6"y
v 6011
u 9*21

O 2zl

0 PR 1

o g2y
o 121
0 G4l
v £y
v AR
0 £t
u 1°01
u 9701
4] i*01
G g*ol
v L*o1

v AR S

v B*I1
] 121
o 1ozt
" ey

b Leet

iys /N

T I TR O L M v L

¥'5k
0*Se -
ALY
1*g6
{'s6
1°56
1*G4.
gree
Y
6°E6
LA
2°Gp
2'se
2's6
2gh
2°s6
2*gh
L A0 1!

2'ce

921
LIl

911

€21

611
111

it

LIt S

60T

gol,

€21
22t
021
611
221
021
g2t
glt
121
121
ﬁmg
611
£l
02t
611
221

€21

KRGl

mmﬁ

.mﬁm

Rt

g1l
31
91t
91t
BOT
601
got
L1
pll
il
gll
gl
gll
g1l
L1l
021
6ll
611
611
911
gll
81t

611

NOI

LR L

tel
tzt
121
221
221
221
221
‘511
STt
11
val
921
21
92l
¥21
921
el
921
921
921
921
921
¥21
et
w2l
g2l

g2l

NQaH

i o

02
02
0z
oz
tg
oz
0z
0z
0z
bz
6z
ez
bz
bz
HFS
-
oz
0z
da
0z
UF
Gz
0z
< oz
6z
oz -

o7

N3

612’
a2
59'¢
0t
pLte
1)
nete
g9t e
55°2
55°¢
6,2
0,2
02

02

ngt2

0.2
0.2
npre
59°%
69*2
5g°*2
69*2
ge*ég
ge°<
fg*d
592

#9'2

*0dS

R e e s . ialie Ll RS £ 70

weo am e

el 0y 173
Ll gE 8
wl, gt . »g
mﬂ BE  wL
sioBE 6L
sl gt  g¢
st gf gy
el e g4
gl e 94
gl 1t g9g
#L 1g g4
L1 B £ )
1 TE ¢y
Wl g €L
1 It gL
vI & g5
+1 1 EL
21 1g EL
vl am. 2i
1 s2 24
vl 62 2L
vl 2 24
11 12 2
| 5 S .Nm
S ST 71
61 g2 gy
0l 52 gy

Hbe 0U2- PE-

e ke Ia v

ey

Dol

- 001

[ |

ool

gut

oal

upl

001
001
00Y
001
061
oot

ael

001
061
001
001
0ot
ogti

gt

et 3 S ST o

B

dil

diy

dN’

N

o

dN

o

dN

g

dN

dN

dn

di

dN

dN
dN
dN

i

dN

dn
dN
dN
dN
dN
dN
dN
atl
dN
aN
dN
il
o

Id

dN

dN

dN

dN
N
dN
dN
dN
dN
dN
dN
N
dN
dN
an
dN

M

dN

s

dN

] b, R LA i G

61y vy 14y
alel Tiugy
&1yl 1206y
&aEv mwmnm
Ky Zydey
s€%  d9luy
bty £ybgg

16910 gq
1bolinzzag

Lesllivddgg

LEv  dybyy
1€y dyliyg
ity m:mc¢
LE» 2yl
L€y dylgy
LEY  <utyy
1By 2yl
LEY  dab-y
EEE TR RIS
2hel Tinpyg
23yl [204¢
2Ue) tilgs
52 Eulgy .
g8€L Eyllqy
mmWh tghgy
REY mcmcw
5E% cufiyg
fyeg

S



i e e Rty R S N TR L S T St o S S . -

o

# &t
H . &*
Lo &*
H 6*

H 0y

AlS uy

B - T ,LM

61
ol
61
s1
gt
5t
9l

g1

st

5l

4

21
2l
%3
(93
%3

IHd41

£e

£
£’
g
2+
2
o
2
g9
G
e
Te
*
1s
1*
1

s

SE
213
og
Gg

og

.mm

253
£g

EE
og
0g
£EE

£E

E

£l
9€

9E

iE

LE

IHd3

=

Er*
5"

gt

LLE- B
0"
oy
8G* Y
Be*y
083
£5°
0ge
&

59*

3nTiva~d

voY

ityvg

gt

“BPET

geel

evzZl

41

E"2%
1°21
621
LA
621
gtel
G*11
g1l
»*01
$e01
£E*01
L'e

6'6

2*01
6'g

[TRFS

3/

Otgg
0%ch
Orgy
1'c6
Trgs
-1*gob
656
166
LY
1056
I*gy
B yb
6° %6
£ge
E*ch
£°g6
X1
254
256
$°c6

FAR 13

dHGD

A B G L At A g Doy o P 4 T

o

Tl Al

e AL L e W WY

021
81Y
LIt
vl

21

911
Bl
[=F:31
izt
gl
PR
git
€Ty
92t
g2t
y21
0z1
b2
611
LAt

Ley

NOL

it
it
gt
gil
911
LIl
911
g1l
911
31y
21t
211
22l
g2l
gzl

611

611
61l
521

#21

Nal

-y

1t
121
121
221
221
- O
g2l
eel
cel
edl
LA
gll
gll
gzl
petl
82l
gel
521
gel
el

iel

NOx

02
oz
gz

0z

.02

02
0z
62
i
02
0z
LF
0z
ve
oz
ve
ez
aN
02

omw

0z

N3

11
LI
Fa
41
&1
w1
%1
o1
y1
1
sl
vl
41
Ly
i1
fa !
gl
gl
gt
21

21

HO= 002~ (fm

¢g
fg
£y
€y
£
£y
£4
£y
Ey
£y
£4
Ev
2y
2o
Zy
Ty
Iy
%
Oy

Oy

[l
W

8¢
98

58

‘38

98
98
98
Y8
98
oL
Dg
Ll
'y
iL
26
28

24

*l

vi

o
(=4
™

oot
801
601
901
001
ool
001
ool
6ol
1113
061
001
001
001
ool
enf
not
0ol

L3401

Y

B ey e

di
dH
diN
dN
N
dH
dM
dh
di
d

dil

dN
dH
dn
dN

dN

1d

<

dN

d¥
dN
aM
dh
dN
ogM
dM
dN
62
&2
€2
dM
dn

dN

ey

o)
o
F

UGBy

quty
9EY
gLy

GEY

9E%

QEy

N¢Wh
Lver
161lw
Lely
ibiy
EFA

2Lag

¥ X°19

&6ty

651y

€ Loy
qmwac
vEiyy
Eyyg
mwacm
29045
iy
duilyy
2ydgq
2ullgy
2504y
Lo,
guligy
yElqe
vElagy
qmﬁwc.
grlye
wrlygy
gnlipy
mmﬂcm

vElqga

-D-H



B T v L U T T e 7 T U

'L 4L 0 e 18* Voo1's etsg YD w2t 0€L b2 . g1t ol 0w oy 0t

P lig

61 910 8 sE 1g* - v 6'8  ®'ge 621 w2l OEL 0z g;%2 21 4w 1y oot Ly
per et 0 wg L8 V. e's wese 420 w21 OBl . 02 g102 . 11 0w lg - 001 vetis
_“‘mu...mﬂg_‘ 0 o [ Vo1 0'tT 0°ge 911 41T 021 0z §9'2 02 0y o, ool ;wuqm
¥, z* sl- 0 og 0 00T TUEL 06 SIT 41l 02l og q§'¢  0e Ay yp g0l EERINS
a2 st R T T 0 BIT TUEL 2746 YT OERL 02l . ez g9tz 02 0w 0y ool #sleg
. se gl ¢ o¢ Ty 0 06T 256 EOL. 001 S01 02  9e2 0 o g 001 Uz {v Sluutunlyy
Coge EL - 0 9€ L8t Y 2Lt 2'96  s0T 101 401 oz 69°2 0 6B gz 000 02 1y. - . VeRg il
.8 Bl 0 98 . gge 0 S*6l Eevs 101 g6 50T 0 69°S 0 6f g4 00T 02 Yy . . zwmomnaﬂhn
z,,; o*z 1z, 8 BE £6* v %6 g'ss g1 121 421 LF oo.m. €l 18w 00T £ 6z - mJﬂﬁmwmpwmg?m
W02tz o 8E Te*  © L6 gtve  EEL 021 421 02 992 €1 1f 4, 001 ¢ uz ) 'l Tgtgy
s ez 1z 0 g gee u P Tise et o uzl 0z 9%z £l Ie ez 001 £ 02 - - qagr 1ieee
| . _
1S 2 AL 33 IMg3  3nva-8 ivs  o/n dWOd . NGE NOT NOW N3 OTdS WS- 002~ 0€e 4w 14 1T sy gp u
. . as auxa.mmbwqulowzmﬁmczﬂ mZOUIKqHKhm ng
(WILSAS NOILYDL4SSYID QIT4INA)TI0S 40 Igay 1531 740 3dxi
- NIN wid NI

J1¥m NTvuy
0307083 y-4 036HMLSIONA-N - 3dal #lauvsg ALS

H3 BS H3d SHON S3583415 WL01~-33073AN3 HIINIHIS 40 1d30ang 31

334030 53553815 WI01-34073a03 HEANTHIS 40 Ay THJL

: W3 0% 43d SwIX  $35538)g IATLI443-34013ANE w1anINLS 40 143393117 23

$334930 S3SSIngs IAT103433-300013AN3 wionIgic 4y A9y Tdad

. W3 08 432 SHOM FNTIVE 1¥ 3unssTud yIpvm Inng gma

SSAHLS HVIHS XVH memmmecocamcenm k2 05 Y34 Sway AVNTIVL 1Y §5A15 yvIus-uVIHS 33T U MO HUG

SSAVIS A43-0T4VH SSIHIS NIND 443 YUH) mmecmeocmevmen 1O BS H3d SwoM 3unIVY 1Y SS3HIS HOIYIA2D ey ATH-XYTRL 40y HHS
S5341§ IWL0L~-5S3A4LS HOJYIAIQ yV¥h) : HJ BS #434 SWad SS5ABLS VYnADN= Y IHY E23n1d npg HOH
W3 B #3d4 SnoN IunTIVA LY SS3u1s TWdIdNINg FUYEIAVox VI, NOE MO

FENIVE 40 NOTLINT 430 8 #3130VHVd JENSSIrd 504 t

INID ¥id NOEIYENLIYG L1vs

. IN3J &34 _ INTIROD B2LVH viggNg I

. IN3D ¥3d . . - NOFLIDVAWOD INJIJ H3g 403

13 nd y3d 81 : S NOTIVGIT0SNDD HIL4Y ALTsh3d AMG. . NOY

. ] ’ 14 nd H3d 97 ALISNEO AyQ vi[1yy NOL.

. 14 n2 434 a1 : . ALISN30 AB0 WONIXYW  NOW

. 14 03 H3d Selfepd _ ASU3NT NOTIDVaund N3
AJL¥Id~d  O3IONNOH TT3IM-HA  OICNNOH=Y CA0RNEENS-05  8YTNONYEng=Yg  y¥inonv-v n4m>qao¢oz«m“wa<xmuJu.

LNV Sd
AYIAATIVeY ABVININIGIS~S Umxmmmtqhwzlz Jalsnyini-1 JINVII0A=A NISGINO J—Om HG
. NOILINIA3U . INTN
2 3MVL == vivg 1$HL 110§ :
9LBT~1 =1 . AUNLS NOTLVI3HNOD HLONINLS HYIHS
] 7
60-1 } ~y )



H He *.m Q tE

H ¥ L2 ¢ £C
H 'Y ¥ 1 0 £€E
“H 5* 4 I 0 SE
H g+t 0 SE
CT-U 3 | 0 &

TR e —— g b
H g gt I* s

TETTTTE g ey
iitﬁildriIimAfliktLFIt\\@Wk

o * £l ] LTS

AR Ii Tndi 23 lHd3

g

4N

3nva-9

lys

URS 3¢
£'61
¥ 61

E*el

/R

LA 7
2's6
¥y
£'gh
E*Ge

£'ch

Sot

£01

NG}

611
0zl
611
161
v

Tol

ey
=
-

ol
g8l
o1
oot

ool

Nal

9¢1
1A
ggl
CTH

g01

<t
ot
-

¥T1

»11

g0l
G0t

501

HNQn

oz

.0z

oz

T

<«
N

o
o

LF

02

oz

te

N3

oz

oz

[+ 3
4]

6e

Has 802- yi=-

gy
Ay
gy
Ly
i

Ly

Sy
sy
4 4
2w

2y

sg
oH
q8
9l
9
2L
il
LL
I ¥
vg
ug

Gg

[t

001
201
001

ant

of

id

12
L2
iz
iy
ly

1y

LE
lE

S

5%

Sy

11

Sd

8964 380
69bB 41,0

696 9t

YERG luwl

HO

@ﬁd

#Egulysl,u
YEBG LU u
6565 wylyy
8585 yvlyy
6585 uvlyy
cwmepa@mh;
DEavinvi;y

UEguluel v

0l

.\\,,/



APPENDIX O

VENADO SANDSTONE (CRUSHED)
CONCRETE AGGREGATE
QUALITY TEST RESULTS
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FeCHNICAL aERVICGES OFFICE
CONCHETE SECTION

TEST FOR ""ABRASION OF COARSE AGGREGATE"
ASTMC-131-76

~535.786
PROJECT LABORATORY NO.
FEATURE _“=and shone —De»r B 12@@ 44 oo FIELD SAMPLE NO,

SOURCE OF MATERIAL
1
szt FRACTION TEsTED 1/2 ¥ ‘A" Llowen from_sadstone slabs wer crushed Afvwmqs Lo

WORK ORDER NO. cxkticg cnbes Qem Caww 6'\*\;' N cowmpressive e specinens weve a\ee coushedt
VISUAL DESCRIPTION érﬂ ZrEve

e

TABLE | ~ GRADING OF TEST SAMPLES

SIEVE SIZE Waight & Groding of Test Somples ~ g . AHRAS'VEFCHARGEW . r
. |
_ PATSING RETAINED A 8 lc jo |1 IZ [ II1]| Geading Spheres Cherge = o
LI 24 11, 2500° Ca) 12 5000% 25
24 M, 2 I, . 2500° 8 1 45848 25
21K, 1 1N, . : 5000 | sa00¢ C 8 33204 20
-
141N, 1w, 329 Plas 5000* | 5000 o 6 2500~ 15
& +
1IN, wiN, ) s 5000 e 2. 5000 25
UK, % N, ’“9( 1250 || 2500 ' F 12 56002 25
I, 378 18, 10 hi2s0/ | 2500 6 12 50002 25
%
_aan MO, 3 2500
_HO.3 ND. 4 2500
L. HO. 4 NO. 8 5000
Toletence of% 2% permitied QCOO t o
— TEST RESULTS TESTED BY _%_ulﬂ_ﬁ_i._
| “/20/4
ORIGIMAL FINAL LO5s OF PERCENT DATE TESTED
NO. OF REV, WTeg WT. g WT. g OF WEAR
. COMPUTED BY
L oA s vate, Plea |14 CHECKED BY
U Bood | 287 | 2\ | 43.4
!
Vo - \257,
Il e
% VISR S
Voo
1778

6000(

DWR 954



State of California
The Resources Agency
Department of Water Resources

.Division of Design & Construction
s - :

Durability Index Test ~--=-=-===e-w--- California Test Method 229
PROJECT LABORATORY No. e\ Te Q818
FEATURE . : +eern S.I.C. or FIELD NO.

VISUAL DESCRIPTION. vusled Sonelone

e

h ]

TRIAL NO. - A -

DATE TESTED 9 % a

TESTED RY ) o Colond olowd C
COMPUTED BY

CHECKED BY

SIZE FRACTION . : ”?/4 v *y

PROCESS ING

A TIME STARTED SOAKING = . ' .

B TIME STARTED SHAKING

C TIME STARTED SBETTLING = o0 | o220

‘D TIME RBADINGS TAKEN | | abieo 220 | s
E LEVEL AT ;dp OF SEDIMENT - )\ " ="

F DURABILITY FACTOR .2+ | 42 | Ao

G AVERAGE |

H. REPORTED VALUE '
D , , ‘@ugwd‘@wn~u4>

REMARKS /7’/4 /- Lo‘]o—\o ‘logo v H©

e gwptie o e
Yox ¥ Quts o 2’5'74

e 24410 a,Qch wivkial ?“?/? “11 o




SPECIFEC GRAVITY AND ABSORPTION OF COARSE AGGREGATE

TEST METHODR: ASTM C 127-

Project

Feature -

Hole No. Elev. Top of Hele

Visval Description

State of California
THE RESOURCES AGENCY
DEPARTMENT OF WATER RESOURCES
TECHNICAL SERVICES OFFICE
CONCRETE LABORATORY

Lcboratery No. Soil ES'CQ\ qg‘ S

Field Sample No,

Depth of Sample

DETERMINATION NO.
DATE TESTED
TESTED BY
CCMPUTED BY LART C%i% |
CHECKED BY {guessrsn
SIZE FRACTION il;ll}(@/@ % x4
PROCESSING |
A| WT.SATURATED SURFACE DRY SAMPLE GG | 14 »
B | WT. OVEN DRY SAMPLE 5037 2866
C| WT. WATER ABSORBED A=B | g7 Loy
b{ % WATER ABSORBED S, %xwo A A
E| WT.S.5.D. SAMPLE SUSPENDED IN WATER G\%s 1572
F | WT. WATER DISPLACED BY $.5.D. SAMPLE A~E 17113 o2
G| WT. WATER DISPLACED BY SOLID SAMPLE F-C 190\ 4723
M| BULK ?PECIFIC GRAVITY (DRY BASIS) 2 3% 2 4o
| | BULK SPECIFIC GRAVITY (5,5.D. BASIS) £ 748 750
J | APPARENT SPECIFIC GRAVITY 4 7.5 2 lals
REMARKS:
CL 2 {3/57)

DWR B22 (REV.5/86)
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APPENDIX P

CONGLOMERATE
Compressive Strength Test
Results for DWR Samples
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APPENDIX Q

MUDSTONE
After Compaction Classification
Test Results for DWR Samples
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