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GEOTECHNICAL INVESTIGATION
TMWA Fleish Spillway Replacement
Verdi, Washoe County, Nevada
1.0

INTRODUCTION

Presented herein are the results of Construction Materials Engineers, Inc. (CME) geotechnical
exploration, laboratory testing, and associated geotechnical design recommendations for the proposed
TMWA Fleish Spillway Replacement located near Verdi, Washoe County, Nevada. These
recommendations are based on subsurface conditions encountered in our explorations, and on details of
the proposed project as described in this report. The objectives of this study were to:
➢

Determine general soil, bedrock and ground water conditions pertaining to design and
construction of the proposed improvements.

➢

Provide recommendations for the design and construction of the project, as related to these
geotechnical conditions.

The proposed project is contained in Section 20 Township 19N, Range 18E MDBM. The area covered
by this report is shown on Plate A-1 (Vicinity Plan) in Appendix A. Our study included field exploration,
laboratory testing and engineering analyses to identify the physical and mechanical properties of the
various on-site materials. Results of our field exploration and testing programs are included in this report
and form the basis for all conclusions and recommendations.

2.0

PROJECT DESCRIPTION

Fleish is located approximately 2 miles south of Verdi, Nevada, near the east bank of the Truckee River.
US Interstate 80 and the UPRR tracks are located less than 500 feet west of Fleish. The current spillway
is located about 250 feet south of the penstock.

Wooden Spillway Structure
Elevated Flume
Structure for the
Steamboat Ditch

Photograph 1: Looking south showing spillway from near penstock
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It is understood that the existing Fleish Spillway, having a length of about 200 feet, will be replaced. The
current spillway extends from a forebay located up-gradient from the spillway (east side) and discharges
into a pond located south of a parking/storage area for the existing hydroelectric building. The spillway
crosses over the Steamboat Ditch (refer to Photo 1).
The existing spillway is a wooden structure supported by wooden posts bearing either on wooden pads
or posts end bearing directly on the granitic outcrops. It is anticipated that the new spillway will be steel
with I-beam supports bearing on concrete foundations. Rock anchors into the bedrock may also be
required to provide lateral load resistance.

3.0

SITE CONDITIONS

The project site is located near the base of the west flank of the Carson Range within the Truckee River
Corridor. This corridor area has experienced many sequences of flooding with catastrophic flooding in the
late Pleistocene period.
The spillway begins at the existing forebay, crosses the Steamboat Ditch, and terminates above an
existing pond. The spillway is elevated above the underlying terrain supported by wooden posts. The
underlying terrain undulates as the spillway alignment crosses several bedrock outcrops, but overall
descends with a moderate to steep slope gradient. The steepest slope gradient is located toward the
lower end of the spillway.
The spillway alignment is parallel along the top of a gully side slope. Steep gully side slopes are located
along the north side of the spillway. An elevated flume structure for the Steamboat Ditch crosses this
gully. The terrain along the south side of the spillway (top of the gully) appears to have a more uniform
grade, moderately sloping from the forebay to a bedrock outcrop above the Steamboat Ditch. At the end
of the spillway, the terrain has a near vertical gradient with a height of about 30 feet above the pond
surface.
The spillway spans the Steamboat Ditch, which has a near north to south alignment direction with an
approximate width of 10 feet and sidewall heights of about 5 feet. The ditch appears to be notched into
a bedrock outcrop, directly below the spillway.
Based on a topo of the ground terrain below the spillway, the elevation differential between the top of the
spillway to the discharge location is about 65 feet (refer to Plates A-1a to A-1c).

4.0

EXPLORATION

Because of the remote and steep terrain, traditional exploration methods consisting of subsurface
exploration using test pits or exploratory borings are not possible. Field exploration was completed by a
combination of site reconnaissance and shallow hand dug test holes.
The strike and dip of joint orientations in the bedrock exposures were measured. Strike is defined as the
compass direction of a horizontal line within the plane of an inclined fracture. The dip is the angle of the
slope perpendicular to the strike. These joint orientations can be used to determine instability of rock
wedges formed by the intersecting joints.
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5.0

LABORATORY TESTING

All soils testing performed in CME’s soils laboratory was conducted in accordance with the standards and
methodologies described in Volume 4.08 of the ASTM Standards.
5.1

Index Testing

A soil sample of alluvium soil was analyzed to determine their in-situ moisture content (ASTM D 2216),
grain size distribution (ASTM D 422), and plasticity index (ASTM D 4318). The results of these tests are
presented on Plate B-1.
5.2

Laboratory Moisture-Density Relationship Test

A moisture density relationship test (ASTM D 1557) was performed on a selected sample of native soil.
Optimum moisture content is obtained from this test, which represents the moisture content of the soils at
its maximum dry density. Results of this test were used to provide remolding dry densities and moisture
contents for direct shear testing and presented on Plate B-2 - Moisture density relationship test.
5.3

Direct Shear Test

A direct shear test (ASTM D 3080) was performed on a sample of alluvium soils, screened to remove
particles larger than the number 4 sieve. Tests were run on (in-situ or remolded) soil samples, saturated,
and tested at three different normal pressures to derive a plot of Mohr’s Circle Failure Envelope. Results
of this test are shown on Plate B-3 - Direct Shear Test.
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6.0

GEOLOGIC AND GENERAL SOIL CONDITIONS

Geologically, two predominant geologic units were encountered: colluvium and granitic bedrock. Based
on the regional geology, it appears that the spillway crosses a granitic ridge outcrop.
6.1

General Soil and Bedrock Conditions

A geologic cross section was developed starting from the top of the spillway (forebay area) and continuing
to the end of spillway at the discharge location. Photos were taken of the prominent geologic units
encountered and are referenced by stations. Table 1 (Summary of Geologic Cross-Section) provides at
summary of geologic units encountered.
Table 1 – Summary of Geologic Cross-Section1
Stations

Geologic Unit Description

~1+00 to 1+60

Granitic Bedrock Outcrops (Photo 5)

~1+60 to 1+95

Bouldery Colluvium (Photo 4)

~1+95 to 2+75

Granitic bedrock Outcrops (Photo 3)

~2+75 to 2+90

Alluvium/Colluvium (Photo 2)

Notes:
1) Refer to Plates A-1a to A-1c
6.1.1

Alluvium/colluvium (Photo 2)

This geologic unit classifies as either a clayey sand with gravel (SC) or clayey gravel with sand and
cobbles (GC). This material is prevalent on the slope faces and represents slope wash and other
erosional material.
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Photograph 2: Alluvium/colluvium at about Station 2+80
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6.1.2

Granitic Bedrock Outcrops (Photo 3)

This geologic unit is part of a ridge exposure along the slope face. In general, the bedrock is hard, slightly
weathered, and moderately to occasionally fractured. Fracturing becomes closely to moderately fractured
in isolated joint areas (refer to Photo 2). The prevalent joint orientations measured:
➢

strike: S 55 to 700 E, dip: 60 to 700 SW

➢

strike: N 30 to 400 E, dip: 70 to 800 SE

➢

strike: S 250 E, dip: 220 NW

➢

strike: S 50 to 600 E, dip: 30 to 550 NE

Jointing is generally not clay filled indicating that stability is controlled by rock to rock contact, which is
much greater than joints that are clay filled.
Granitic outcrops are exposed along the spillway alignment. Many of these outcrops have an undulating
surface, which will cause difficulties in preparing foundation grades. Outcrop exposures are either parallel
or perpendicular to the gully slope face. The rock surfaces are generally rough showing evidence of strong
mechanical weathering, likely the result of freezing and thawing. A high planar bedrock surface is
exposed along the east side of Steamboat Ditch.

Photograph 3 Granitic Bedrock Outcrop at about Station 2+00 showing intensely fractured zone.
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6.1.3

Bouldery colluvium

This material consists of a loose, cobble to boulder mixture located on the ground surface. The origin of
this material is unknown and may represent excess rock spoils. Although not confirmed, but based on
the adjacent bedrock outcrops, the bedrock surface below the bouldery colluvium is anticipated to be near
the ground surface. An existing support post bearing on a wood pad is located directly over this bouldery
colluvium and has visibility moved outward, indicating that this material is somewhat unstable.

Photograph 4: Bouldery colluvium between Stations 1+50 to 1+85
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Photograph 5: Granitic bedrock face along the east side of Steamboat Ditch. Note existing posts
toe nailed into the bedrock.

V:\Active\2109\report\Draft Fleish Spillway Report 07-02-18.docx

10

7.0

SEISMIC HAZARDS

7.1

Seismicity

Much of the Western United States is a region of moderate to intense seismicity related to movement of
the crustal masses (plate tectonics). By far, the most active regions outside of Alaska are along the San
Andreas Fault zone of western California. Other seismically active areas include the Wasatch Front in
Salt Lake City, Utah, which forms the eastern boundary of the Basin and Range physiographic province,
and the eastern front of the Sierra Nevada Mountains, which is the western margin of the province. The
project site lies near the eastern base of the Sierra Nevada, within the western extreme of the Basin and
Range.
It is generally accepted that the maximum credible earthquake in this area would be in the range of
magnitude 7 to 7.5 originating from the frontal fault system of the Eastern Sierra Nevada. The most active
segment of this fault system that is closest to the Reno-Stead area is located at the base of the eastern
flank of the Carson Range near Thomas Creek, Whites Creek and Mt. Rose Highway, some 10 miles
southeast of the project site.
7.2

Faults

Based on a review of the Quaternary Fault Map of Nevada-Reno (Bell, 1984) and USGS Quaternary
Faults on Google Earth Map, no mapped faults trend through the project site. The closest mapped active
fault is part of the Dog Valley Fault Zone located about 5 miles west of the site. The Dog Valley Fault
Zone is a northeast trending, generally concealed, strike-slip fault extending from Dog Valley to Donner
Lake. In 1966 a magnitude 6.0 earthquake was reported to have originated from this fault zone. Other
mapped faults are located within 2 miles of the site consisting of older bedrock faults.
Quaternary earthquake fault evaluation criterion has been formulated by a professional committee for the
State of Nevada Seismic Safety Council. These guidelines are consistent with the State of California
Alquist-Priolo Act of 1972, which defines Holocene Active Faults as those with evidence of displacement
within the past 10,000 years (Holocene time). Those faults with evidence of displacement during
Pleistocene time (10,000 to 1,600,000 years before present) are classified as either late Quaternary Active
Fault (10,000 to 130,000 years) or Quaternary Active Fault (> 130,000 years). Both of the latter fault
designations are considered to have a decreased potential for activity compared to the Holocene Active
Fault. An inactive fault is considered is a fault that does not comply with these age groups.
Based on the referenced earthquake hazard maps, the Dog Valley Fault Zone is considered a Holocene
Active Fault. The other faults located near the project site are considered either Quaternary Active or
inactive faults.
7.3

Liquefaction

Liquefaction is a nearly a complete loss of soil shear strength that can occur during an earthquake, as
cyclic shear stresses generate excessive pore water pressure between the soil grains. The higher the
ground acceleration caused by a seismic event or the longer the duration of shaking, the more likely
liquefaction will occur. The soil types most susceptible to liquefaction are loose to medium dense
cohesionless sands, soft to stiff non-plastic to low plastic silts, or any combination of silt-sand mixtures
lying below the groundwater table. Liquefaction is generally limited to depths of 50 feet or less below the
existing ground surface. Based on the presence of shallow bedrock liquefaction potential at the site is
considered minimal.
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8.0

SEISMIC DESIGN PARAMETERS

Seismic design parameters are based on site-specific estimates of spectral response ground acceleration
as designated in the International Building Code (IBC, 2012). The benefit of this approach is that a
response spectrum can be developed from this data and, based on the period of the structure, a spectral
acceleration for that structure can be determined. These values are based on two criteria: site
classification and site location (latitude and longitude). Site classification is based on the substrata soil
profile type, as presented in Table 1 (Site Classification Definitions).
Table 1 – Site Classification Definitions
Site Classification

Soil Profile Type Description

A

Hard Rock

B

Rock

C

Very Dense Soil and Soft Rock

D

Stiff Soil Profile

E

Soft Soil Profile

F

Soil Type Requiring Site-Specific Evaluation

The soil/bedrock profile classification is based on two criteria: density (primarily for soils based on SPT
blow count data or shear wave velocity) or hardness (based on shear wave velocity primarily for bedrock
sites). These two criteria have to be determined to a depth of 100 feet bgs. A ReMi geophysical
investigation was completed with the adjacent penstock project and a shear wave velocity of 2297 ft/sec
was determined with that study. Based on this shear wave velocity, it is recommended that a Site
Classification of C may be used for the overall structure design. However, it is anticipated that many of
the foundations will bear directly on the granitic outcrops and, for these cases, if required, a Site
Classification of B could be used.
Spectral response acceleration values (Ss & S1) are based on structures underlain by bedrock with a site
classification of B. Acceleration values may amplify or attenuate depending on the subsurface geologic
conditions. Therefore, the IBC provides correction factors (Fa & Fv) to modify the acceleration values if the
site is located overlying subsurface geologic conditions with a site classification other than B.
Spectral response acceleration values were determined from the USGS website: U.S. Seismic Design
Maps Table 2 provides a summary of seismic design parameters, based on 2010 ASCE 7, as referenced
by IBC, including correction factors Fa & Fv. A printout of the design information including spectral
response acceleration values is provided in Appendix C.
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Table 2 – Seismic Design Parameters
PARAMETER DESCRIPTION

SPILLWAY LOCATION

Approximate Latitude of Site

39.4810

Approximate Longitude of Site

119.9923

Peak Ground Acceleration-MCER PGA
(ASCE 7-10 Standard)

Design Peak Ground Acceleration-DPGA
(ASCE 7-10 Standard)

Spectral Response Acceleration at Short period
(0.2 sec.) Ss (for Site Class B)
Spectral Response Acceleration at 1-second
Period,
S1 (for Site Class B)

0.500 g
0.370 g
1.401 g
0.467 g

Site Class Selected for this Site

C

Site Coefficient Fa, decimal

1.0

Site Coefficient Fv, decimal

1.333

Design Spectral Response Acceleration at Short
period, SDs (Adjusted to Site Class B, SDs= 2/3 SMs)
Design Spectral Response Acceleration at 1second Period, SD1 (Adjusted to Site Class B, SD1=2/3 SM1)
1)

0.934 g
0.415 g

MCER PGA- Maximum credible earthquake geometric mean peak ground acceleration.
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9.0

DISCUSSION AND RECOMMENDATIONS

The proposed spillway replacement project is located near the base of the western flank of the Carson
Range in the Truckee River Corridor. A variety of geologic units were encountered in the spillway
alignment. The two prominent geologic units encountered are granitic bedrock and a coarse-grained
colluvium. Granitic bedrock outcrops are prevalent along the alignment creating an undulating ground
surface. The existing spillway support posts were directly placed onto the bedrock surface.
The existing spillway will be removed and replaced with a new spillway having a similar alignment.
Because of the remote spillway location and steep terrain, large construction equipment may not have
access to the site, making any earthwork operations difficult. Construction planning should consider this
aspect of the project.
Granitic bedrock appears stable and will provide good support for column foundations. However, isolated
bedrock areas have closely spaced fractures, which if foundations are located over these areas, may
require remedial construction including rock bolt stabilization, prior to foundation construction.
Shallow, spread foundations are anticipated to support the columns, which can be constructed directly on
the bedrock. A combination of spread foundations and rock anchors are required to resist uplift and/or
overturning forces. Foundations overlying colluvium areas will require significant site preparation to
provide a level foundation pad surface and removal of loose particles, as discussed in the report.
Because of our limited field exploration consisting of a site reconnaissance without subsurface
exploration, it is anticipated that in some of the foundation areas, foundation grades and preparation work
will be determined during construction.
9.1

General Information

The recommendations provided herein, and particularly under Foundation Grade Preparation, Grading
and Filling, and Construction Observation and Testing are intended to reduce risks of structural
distress related to consolidation or expansion of native soils and/or structural fills.
These
recommendations, along with proper design and construction of the planned structures and associated
improvements, work together as a system to improve overall performance. If any aspect of this system is
ignored or poorly implemented, the performance of the project will suffer. Sufficient construction
observation and testing should be performed to document that the recommendations presented in this
report are followed.
Structural areas referred to in this report include all areas of concrete slabs, asphalt pavements, as well
as pads for any minor structures. All compaction requirements presented in this report are relative to
ASTM D 1557. Unless otherwise stated in this report, all related construction should be in accordance
with the Standard Specifications for Public Works Construction, dated 2012.
Any evaluation of the site for the presence of surface or subsurface hazardous substances is beyond the
scope of this study. When suspected hazardous substances are encountered during routine geotechnical
investigations, they are noted in the exploration logs and reported to the client. No such substances were
identified during our exploration.
9.2

Spillway Channel Foundation Support Recommendations

The spillway alignment will traverse several different geologic units: alluvium/colluvium, granitic bedrock,
and coarse grained, bouldery colluvium. Additionally, the terrain across the alignment is highly variable,
becoming significantly steeper toward the base of the spillway. Based on the variable geologic conditions
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and terrain, foundation recommendations will be discussed separately for these different geologic and
terrain conditions, which is divided into 5 separate sections (Sections 9.2.1 to 9.2.5).
In general, foundation support is anticipated to consist of shallow, spread foundations with rock anchors,
as needed to resist uplift and or overturning forces.
9.2.1

Section 1 (Station ~1+00 to 1+60)

This section consists of a combination of granitic bedrock, colluvium, and waste rock. A large bedrock
outcrop is located at about Station 1+40 (east side of the Steamboat Ditch). The spillway will span over
this ditch and foundations will be constructed on either side of the spillway, which can bear directly on
bedrock.
A pier foundation will be located between the Steamboat Ditch and the end of the spillway. Bedrock is
not exposed at this location and overburden materials will be required to be removed to expose the
bedrock surface. Overburden materials appear to be waste rock from possible blasting/excavation
operations for the adjacent Steamboat Ditch. A rockery wall, which bounds the Steamboat Ditch, is
located adjacent to this pier foundation location. The foundation material for the rockery wall is unknown.
It is anticipated that the existing rockery wall will be removed and replaced with a new cast in-place
retaining wall.
Bedrock is exposed on the slope face directly below the end of the spillway and foundations can bear
directly on the bedrock. The difficulty with this area is access due to the steep terrain, which will have a
direct consideration in determining foundation type and construction. This area will have to be further
explored during construction, after the existing spillway has been removed. Notching a suitable
foundation grade support surface into the bedrock may be difficult. If a suitable foundation surface cannot
be notched into the bedrock, the foundation may have to be pinned to the underlying bedrock with rock
anchors.
9.2.2

Section 2 (Station ~1+60 to 1+95)

The geologic profile as observed at the existing ground surface consists of a loose, bouldery
colluvium/talus slope. During construction, further exploration will be required to determine the thickness
of these overburden materials and depth to bedrock. Because of the observed loose, heterogeneous
rock stacking condition as well as the presence of voids between the rocks, foundations should not bear
directly on this material. Removal of this material to place foundations on a suitable underlying bedrock
surface is recommended.
9.2.3

Section 3 (Station ~1+95 to 2+75)

Section 3 consists predominantly of granitic bedrock outcrop exposures having an undulating surface.
Bedrock appears to be overlain by shallow colluvium soils within areas located in the northside of the
spillway. The cross-slope terrain below the spillway is variable and is predominantly steep with slope
gradients ranging from 40 to 90 percent.
Because of the terrain and shallow bedrock, it is recommended that column support posts bear on shallow
spread foundations placed directly on the bedrock surface. In order to have a level surface, bedrock will
have to be chipped with a jack hammer, or hoe-ram, if larger equipment can be mobilized to the site. In
areas where loose colluvium material is present above the bedrock surface, these materials shall be
removed to expose the underlying bedrock surface. Where lateral support for overturning and/or uplift is
required, rock anchors can be installed (refer to Section 9.2.4).
Each foundation location has to be inspected for the presence of loose talus or areas of closely spaced
fractures (refer to photo 2). If these splintered or closely fractured areas cannot be avoided, they will have
to be remediated prior to foundation construction. Remediation may include the installation of rock
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stabilizing bolts or the construction of a large continuous column foundation, which will distribute the
loading over a wider area.
9.2.4

Section 4 (Station ~2+75 to 2+90)

Section 4 consists of alluvium /colluvium soils, which should provide adequate foundation support for the
support columns. The side slope terrain below this segment of the spillway is fairly steep with a slope
gradient ranging from about 40 to 50 percent.
Spread, pad foundations could be constructed for the support columns, but because of the steep cross
slope grade differential below the spillway, these foundations would require to be deepened for both
bearing capacity and lateral load support. Instead of pad foundations, a continuous spread foundation
having a lower bearing pressure could be constructed at shallower depths. However, because of the
differences in the elevation across the width of the spillway, a stepped continuous foundation would likely
be required. The depth of these foundation types will depend on the terrain slope gradients, loading, and
required lateral support.
9.2.5

Section 5 (~ 2+90 to 3+05)

The pier foundation will be located behind an existing retaining wall. Material behind this retaining wall
is anticipated to consist of granular backfill soils. After foundation grade has been established, these soils
shall be moisture conditioned, as required, and densified for a minimum depth of 12 inches to 90 percent
relative compaction at +/- 2 percent of optimum moisture.
Because this area has been beneath a leaking flume, soils may be in a near saturated conditioned. If
encountered, these soils shall be removed and stabilized, as required. Stabilization shall consist of
removing soils below foundation grade a minimum depth of 18 inches and replacing with a geotextile and
stabilizing fill. Geotextile shall consist of a Mirafi HP 570 or Hanes TerraTex HPG-57 or approved
equivalent.
Stabilizing fill, consisting of a Type 2, Class B material, with a minimum densified thickness of 18 inches
shall be placed over the geotextile. Additional thicknesses may be required to ensure stabilization and
should be determined with a test section overlying worst case soil conditions. Refer to Section 10.0 for
placement recommendations.
9.3

Foundation Recommendations

9.3.1

Foundation Grade Soils Preparation

The spillway will be supported by shallow, spread pier column foundations. Based on the geologic profile,
it is anticipated that column foundations with the exception of Section 5 will be placed on granitic bedrock.
After the old spillway has been removed, each foundation location shall be identified and inspected to
determine if additional exploration is required. Additional exploration will likely be required in coarse
grained colluvium/talus areas to determine the depth to bedrock. Where bedrock outcrops are exposed,
a suitable foundation preparation methodology shall be determined, as presented below:
➢

Regardless of foundation grade elevation, all foundations shall bear directly on a fresh,
excavated bedrock surface. The minimum bedrock surface preparation shall consist of
removing moss or other deleterious materials including weak weathered bedrock to expose
a fresh, excavated bedrock surface.

➢

In competent bedrock, a relatively level surface across the width of the foundation shall be
formed by excavation with the use of chipping hammers, hoe-rams placed at the end of a
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backhoe, jackhammers, or other similar construction equipment required to excavate the
bedrock. High points across the bedrock surface shall be removed. Excavation into the
bedrock will be slow and difficult. Excavation tolerance elevations shall be established across
the foundation.
➢

If the underlying bedrock is heavily jointed/fractured, as determined during construction,
further excavation of the bedrock to remove loose bedrock and expose an underlying solid
bedrock surface will be required. Installing pretensioned rock bolts prior to foundation
construction may also be required. The number and depth of these bolts will be determined
during construction.

In foundation areas overlying loose colluvium/talus/waste rock, such as the area between Stations ~ 1+60
to 1+95, the loose colluvium/talus material shall be removed to determine foundation grade on an
underlying stable bedrock surface.
9.3.2

Spread Foundation Design

It is recommended that shallow, spread footings be used for foundation support and is the basis for our
design recommendations. Provided that foundation grade soils preparation has been performed in
accordance with the recommendations of Section 9.2.2, the allowable bearing pressures presented in
Tables 3 and 4 are recommended for the design of individual column footings.
Table 3 – Foundation Allowable Bearing Pressures on Competent Bedrock1
Loading Conditions

Maximum Soil Net Allowable Bearing Pressures (2)
(pounds per square foot)

Dead Loads plus full time live loads

4,000

Dead Loads plus live loads, plus transient
wind, or seismic loads.

5,300

NOTES:
1) Granitic bedrock
2) The net allowable bearing pressure is that pressure at the base of the footing in excess of the adjacent
overburden pressure.

Table 4 – Foundation Allowable Bearing Pressures on Structural Fill
Loading Conditions

Maximum Soil Net Allowable Bearing Pressures (1)
(pounds per square foot)

Dead Loads plus full time live loads

2,500

Dead Loads plus live loads, plus transient
wind, or seismic loads.

3,300

NOTES:
1) The net allowable bearing pressure is that pressure at the base of the footing in excess of the adjacent
overburden pressure.

Foundation grade shall be at least two feet below adjacent outside grades for frost protection. Regardless
of loading, individual column foundations should be at least 18 inches wide, or as required by code.
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Lateral loads, such as wind or seismic, may be resisted by passive soil pressure and friction on the bottom
of the footing. A design friction factor of 0.50 and 0.40 is recommended for sliding resistance at the base
of the spread footing bearing directly on bedrock or structural, respectively. A design value of 2,000 and
300 pounds per square foot per foot of depth (psf/ft) is recommended for passive pressures bearing
directly into bedrock and structural fill, respectively. Depending on the depth of the foundation and slope
gradient downslope from the foundation, a reduction in the passive pressure values presented may result.
In designing for passive pressure, the upper one-foot of the soil profile should not be included. Foundation
design values are based on spread footings bearing on either structural fill or bedrock. It is assumed that
foundations will be constructed at least 2 feet below exterior grade with foundation sidewalls in direct
contact with undisturbed bedrock.
Settlement estimates can be presented once structural loads are determined. However, based on the
underlying support soils/bedrock, settlements are anticipated to be less than ½ inches.
9.3.3

Rock Anchors

Rock anchors are planned to resist foundation lateral and uplift loads. Rock anchors would be installed
into underlying granitic bedrock.
Rock anchors have 5 different primary components:
1)

An anchor nut or head on a bearing plate: The nut threads onto the bearing plate to pretension the rock anchor.

2)

Rock Anchor: Epoxy coated rock anchor for this application. The rock anchor shall be all
thread with a diameter of at least 1 3/8-inch.

3)

Bonding medium: The bonding medium is a high strength grout and bedrock.

4)

Unbounded length: This length is located above the bonded zone and is at least 3 feet.

5)

Bonded length: The bonding length of the rock anchor transmits the applied tensile load to the
surrounding rock.

The ultimate bonding strength of the bedrock depends on several factors including the unconfined
compression strength. The bonded segment of the anchor is designed for granitic bedrock. Table 5
provides the rock anchor design load equation.

Table 5 – Rock Anchors Design Load
Rock Anchor Bonding Medium

Anchor Design Load (P)
(kips)

Granitic bedrock

P = (Lb) (d) (π) (0.063)

Note:
1) Lb = length of bonded anchor (inches)
2) d = hole diameter (inches)
3) π = 3.14
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The equation in Table 5 has the following design/construction assumptions:
➢

A F.O.S. of 2 has been incorporated into the equation provided in Table 5. It is recommended
that rock anchors are field tested to verify design loads;

➢

The recommended minimum hole diameter is 4 inches with a maximum 1-3/8-inch diameter rock
anchor;

➢

Anchors shall have a minimum spacing of 3 feet;

Based on the stated assumptions, the recommended minimum bonded length of the anchor is 24 inches
with a 10 kip design load.
Class II corrosion protection can be used for grouted anchors. This protection level is known as a multiple
corrosion protection anchor (MCP) and includes a trumpet or additional sheath between the bearing plate
and free stressing sleeve, epoxy coated rock anchor, and seal. Rock anchors such as the Williams®
MCP-1, Williams Engineering Corporation, or equal meets this requirement.
9.4

Erosion Control

Water discharged from the end of the spillway will splash on the existing bedrock surface, which has been
exposed to water discharge over many years. Once the existing spillway is removed, further inspection
of this surface can occur. However, because this is an existing bedrock surface, significant erosion is not
anticipated.

10.0

CONSTRUCTION RECOMMENDATIONS

10. 1

Foundation Trenching

10.1.1

Excavation

After the removal of the existing spillway, except for bedrock outcrop areas, the existing slope will be
terraced to achieve foundation grade. The depth of the excavation has not been determined, but it is
anticipated that excavation cut slopes will be required. Available construction equipment to complete the
excavation is unknown and could influence the ability to undertaken certain excavations.
In bedrock outcrop areas excavation difficulties are anticipated. It is anticipated that specialized
construction equipment such as a chipping hammer or hoe-ram may be required for excavation. A jack
hammer may be considered for foundation excavations or tight access areas.
10.1.2 Trench Sidewall Stability
Regulations amended in Part 1926, Volume 54, Number 209 of the Federal Register (Table B-1, October
31, 1989) require that the temporary sidewall slopes be no greater than those presented in Table 6
(Maximum Allowable Temporary Slopes).
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Table 6 - Maximum Allowable Temporary Slopes
Soil or Rock Type
Stable Rock
Type A3
Type B
Type C

Maximum Allowable Slopes1 For Excavations
Less Than 20 Feet Deep2
Vertical
3H:4V
1H:1V
3H:2V

(90 degrees)
(53 degrees)
(45 degrees)
(34 degrees)

NOTES:
1. Numbers shown in parentheses next to maximum allowable slopes are angles expressed in
degrees from the horizontal. Angles have been rounded off.
2. Sloping or benching for excavations greater than 20 feet deep shall be designed by a
registered professional engineer.
3. A short-term (open 24 hours or less) maximum allowable slope of 1H:2V (63 degrees) is
allowed in excavations in Type A soil that are 12 feet or less in depth. Short-term maximum
allowable slopes for excavations greater than 12 feet in depth shall be 3H:4V (53 degrees).
In general, Type A soils are cohesive, non-fissured soils, with an unconfined compressive strength of 1.5
tons per square foot (tsf) or greater. Type B are cohesive soils with an unconfined compressive strength
between 0.5 and 1.5 tsf, while those designated as Type C have an unconfined compressive strength
below 0.5 tsf. Numerous additional factors andexclusions are included in the formal definitions. Complete
definitions and requirements on sloping and benching of trench sidewalls can be found in Appendix A
and B of Subpart P of the previously referenced Federal Register. Appendices C through F of Subpart P
apply to requirements and methodologies for shoring.
It is anticipated that either bedrock or overburden soils consisting of granular colluvium soils will be
encountered. A near vertical slope angle could be used in bedrock areas. However, because of
differences in fracturing patterns, it is recommended that a maximum slope gradient of 3H:4V be
maintained. Alluvium/colluvium areas are considered Type C soils. All cut slope/trenching should be
performed and stabilized in accordance with local, state, and OSHA standards. In any case bank stability
will remain the responsibility of the contractor, who is present at the site, able to observe changes in
ground conditions, and has control over personnel and equipment.
10.2

Grading and Filling

Structural fill will not be required below foundations, but is required as backfill adjacent to foundations.
Structural fill should be free of vegetation, organic matter, and other deleterious material and shall comply
with the material specifications presented in Table 7 (Guideline Specifications for Structural Fill).
Table 7 - Guideline Specification for Structural Fill
Sieve Size
4 Inch
¾ Inch
No. 40
No. 200
Maximum Liquid Limit
40

Percent by Weight Passing
100
70 – 100
15 – 70
5 – 35
Maximum Plastic Index
12

Soluble sulfates:< 0.10 percent by weight of soil
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It is anticipated that alluvium/colluvium soils, when screened to remove particles greater than 4 inches in
diameter, will meet the specifications given in Table 7.
Structural fill should be placed in maximum 8-inch thick (loose) level lifts or layers and densified to at least
90 percent relative compaction1. The required moisture content of the soils, prior to densification, shall
range between plus or minus 3 percent of optimum moisture, as determined by moisture-density
relationship test results (ASTM D1557). Moisture contents greater than 3 percent of optimum moisture
are acceptable if the soil lift is stable and required relative compaction can be attained in the soil lift and
succeeding soil lifts.
Fill slope surfaces should be densified to the same percent compaction as the body of the fill. This may
be accomplished by densifying the surface of the embankment as it is constructed or by overbuilding the
fill and then excavating the slope face to its compacted core. The cut away material should be placed
and compacted as outlined above rather than left at the base of the slope.
All fill soils placed on native soils/bedrock with slope gradients steeper than 5H:1V (horizontal to vertical)
should be placed on horizontal benches excavated into the existing slope face, at least 8 feet in width,
beginning at the toe of the slope.
Grading should not be performed with frozen soils or on frozen soils.
10.3

Rock Anchors

10.3.1 Background
Five rock anchors will be installed at each pier foundation. The location of each rock anchor is presented
on the drawings. Each rock anchor will have an unbounded and bonded length with the unbounded length
encapsulated with a PVC sleeve as part of the corrosion protection system.
10.3.2 Installation
The work by the Contractor for the threaded bar anchors shall be in accordance with the Drawings.
Threaded bar anchors shall be installed with methods approved by the Engineer. Location and specific
details for the inclination and allowable deviation of the anchors are provided in the Drawings. The
required minimum drilled hole diameter is 4 inches.
Holes shall be cleaned of all drill cuttings, sludge, and debris before any threaded bar anchor is placed
into the hole. Threaded bar anchors shall be placed in the center of the drilled hole and positioned not
less than 3-in from the bottom of the hole, as shown on the Drawings. Dewatering or pre-grouting may
be required for proper installation of anchors in groundwater conditions.
Anchors shall be set and grouted immediately after cleaning of the hole has been completed.
Contractor is responsible for the correct installation of all anchors. Incorrect installations shall be replaced
and reinstalled at no cost to the Owner.
Threaded bar anchor drilling locations shall not deviate ±10 percent from the anchor offset locations
shown on the Drawings. During drilling anchor inclinations shall not deviate more than +5 degrees from
noted inclination on the Drawings.

1Relative

compaction refers to the ratio (percentage of the in-place density of a soil divided by the same soil’s maximum dry
density as determined by the ASTM D 1557 laboratory test procedure. Optimum moisture content is the corresponding moisture
content of the same soil at its maximum dry density.

V:\Active\2109\report\Draft Fleish Spillway Report 07-02-18.docx

21

10.3.3 Grouting
The Contractor shall submit the proposed grout mix design and grout strength data as a Submittal to the
Engineer for approval.
Grouting of the annular space around an anchor shall be accomplished by pressure grouting through a
heavy-duty plastic grout tube with a portable grout pump as recommended by the manufacturer, or by
tremie. Grout pump shall provide 90-psi to 120-psi capacity.
Pressure grouting shall use sufficient pressure to overcome the hydrostatic head or as directed by the
Engineer.
All grout tubes, tremie pipes, and fittings shall be clean and free from dirt particles, grease, hardened
grout, or other contamination before grouting is commenced for any anchor. All surplus water and diluted
grout shall be flushed or blown from all lines before commencing injections. The grout tube shall be
attached to the tremie pipe with suitable fittings, as recommended by the manufacturer, such that leakage
is entirely prevented. If necessary, the grout shall be injected at a pressure to overcome hydrostatic head
or as directed by the Owner.
Grout tubes shall be attached to the anchors or furnished in anchor lengths and inserted into the hole.
Grouting shall commence from the bottom of the hole to the surface. Grout tubes shall be removed after
grouting or filled and cut off after grout curing. Hand packing of grout may be required to provide complete
grout installation to top of borehole grade.
Grout curing shall be 3 days prior to testing if air temperature (degrees Fahrenheit) is above 60° during
the curing duration.
Grout curing shall be 7 days prior to testing if air temperature (degrees Fahrenheit) is below 60° during
the curing duration.
10.3.4 Testing
Proof testing procedure shall be in accordance with the Post-Tensioning Institute (PTI) standards.
Anchors shall be tested up to a maximum of 133% of the design test load.
Anchor testing shall be observed by the Engineer and performed by qualified testing personnel. The
testing personnel shall be competent in the testing procedure and equipment setup. The anchor testing
equipment shall be observed prior to testing by the Engineer and determined if acceptable.
At least one anchor shall be tested from each pier foundation location. Location of the production anchors
to be tested shall be determined by the Engineer.
The Contractor shall notify the Engineer no less than 72 hours prior to testing anchors. Anchor Testing
shall not be performed until the grout has reached adequate compressive strength or at the discretion or
the Engineer.
The cost to provide testing shall be considered as included in the contract unit price and no additional
payment shall be made.
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10.3.4.1

Testing Equipment Requirements

All test equipment shall be calibrated within 1 year prior to the day of anchor testing. Calibrations
of testing equipment shall be done to an accuracy of ±2%. Dial gauges shall permit the
measurement of total anchor movement at every load increment to be read to the nearest 0.001in.
Current calibration certificates and load graphs for all test equipment shall be submitted to the
Engineer one week prior to the commencement of the testing per Section 1.1 "Submittals".
Equipment shall be capable of stressing the anchor to the maximum specified test load within the
rated capacity and permit the anchor to be stressed in loading increments.
Re-calibration of testing equipment shall be performed if the anchor testing results are
inconsistent, and or the testing equipment has been damaged during or before anchor testing.
If re-calibration is necessary of anchors tested since the previous test, the anchors shall be reevaluated or re-tested at the Contractor's expense, including the cost of the Engineer to observe
and review the test(s).
10.3.4.2

Proof Test

Anchor testing shall be performed against a temporary yoke or load frame of adequate strength
to support the test load without failure or significant deformation. No part of the yoke or load
frame shall bear within 1.5-ft of the anchors outside diameter.
Creep measurements require an independent fixed reference point located a minimum distance
of 4-ft from the anchor outside diameter or at the discretion of the Engineer. If a dial gauge is
used for creep measurements the reference point shall also be independent of the testing
equipment.
Prior to testing commencement, Contractor shall have a current copy of the testing equipment
calibration certificates and loading graphs on site the day of testing.
No anchor shall be tested that exceeds the minimum yield strength or 80% of the specified
minimum anchor strength. Anchor testing shall be performed in the Presence of the Engineer or
the Engineer's Representative.
The proof test shall consist of incrementally loading the anchor to the maximum test load (133%
of the design load (DL)) or failure, whichever comes first. Incremental loading shall be in 25
percent load increases of the DL, until the maximum test load is obtained.
An alignment load (AL) shall be placed on the anchor prior to the test to secure all testing
components and ensure accurate residual movements during the anchor testing. The alignment
load shall be approximately 10% of the design load (DL) or at the discretion of the Engineer.
Upon reaching the maximum test load (last loading increment), the load shall be maintained
constant for a minimum of ten minutes without failure of the anchor or loss of load. Total
movements shall be recorded every minute to 10 minutes after reaching the test load. If the total
creep movement between 1 and 10 minutes exceeds 0.040 inches, the test load shall be
maintained for an additional 50 minutes. During testing, the anchor load shall not deviate from
the test pressure by more than 50 psi.
Failure shall be the point where movement of the anchor continues without an increase in load or
when the anchor has displaced 1-in. The failure load corresponding to the failure point shall be
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recorded as part of the test data. Anchors shall be unloaded only after completion of the test.
Each tested anchor shall contain its own test reading record.
10.4

Concrete

A concrete mix with a maximum water/cementitious ratio of 0.5 should be utilized for all concrete work in
contact with native soils, including foundations. Concrete exposed to freezing and thawing in a moist
condition or to deicing chemicals should consist of a mix with a maximum of 0.45 water/cementitious ratio
and have a compressive strength of 4,500 psi in 28 days.
10.5

Soil Corrosion Test Results

Soil corrosion testing was completed with the penstock geotechnical investigation and are considered
valid for the spillway. Testing includes pH, redox potential, chlorides, soluble sulfates, and resistivity. A
listing of all test results by sample location is presented in Table 8 (Soil Corrosion Test Results). A brief
summary of the soil corrosion tests is presented below:
•

Soluble sulfates: Soluble sulfate test results are less than 0.02% indicating a negligible sulfate
exposure to concrete.

•

pH: The pH test results ranged from 7.1 to 9.1, which indicates a slightly alkaline soil condition.

•

Resistivity: Resistivity test results were high and ranged from 6,150 to 10,250 ohms x cm. In
general, soils with a resistivity below 3,000 ohms x cm are corrosive to metal pipes. The resistivity
results indicate that soil corrosion potential is low.

•

Chlorides: Chlorides are less than 10 ppm, indicating non-corrosion soil conditions.

•

Redox potential: The redox potential indicates the degree of aeration in the soil. The redox
potential was relatively uniform ranging from 522 to 563 mv, which indicates an aerobic soil
condition and is generally non-corrosive to metal pipes.

Table 8 - Soil Corrosion Test Results
Exploration
location1

Laboratory Tests
Resistivity
(ohmxcm)

Redox
potential
(mv)

Chlorides
(PPM)

pH

Sulfates
(%)

TP-1 (1B)

10250

522

<10

7.9

<0.02

TP-2 (2A)

6780

541

<10

6.9

<0.02

TP-3 (3A)

6470

563

<10

7.1

<0.02

TP-4 (4A)

6150

555

<10

7.3

<0.02

Notes:
1)

Refer to site plan and logs for soil sample location.
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10.6

Anticipated Construction Problems

Some difficulty will be encountered in trenching due to the presence of bedrock. Neatline excavations
may be difficult in bedrock zones and over break of bedrock shall be anticipated.

11.0

CONSTRUCTION OBSERVATION AND TESTING SERVICES

The recommendations presented in this report are based on the assumption that the owner/project
manager provides sufficient field testing and construction review during all phases of construction. Prior
to construction, the owner/project manager should schedule a pre-job conference to include, but not be
limited to: owner/project manager, project engineer, general contractor, earthwork and materials
subcontractors, and geotechnical engineer. It is the owner's/project manager’s responsibility to set-up
this meeting and contact all responsible parties. The conference will allow parties to review the project
plans, specifications, and recommendations presented in this report, and discuss applicable material
quality and mix design requirements. All quality control reports should be submitted to the owner/project
manager for review and distributed to the appropriate parties.

12.0

STANDARD LIMITATION CLAUSE

This report has been prepared in accordance with generally accepted local geotechnical practices. The
analyses and recommendations submitted are based upon field exploration performed at the locations
shown on Plate A-2 – Field Exploration Location Maps of this report. This report does not reflect soils
variations that may become evident during the construction period, at which time re-evaluation of the
recommendations may be necessary. Sufficient construction observation should be completed in all
phases of the project related to geotechnical factors to document compliance with our recommendations.
This report has been prepared to provide information allowing the engineer to design the project. The
owner/project manager is responsible for distribution of this report to all designers and contractors whose
work is affected by geotechnical recommendations. In the event of changes in the design, location, or
ownership of the project after presentation of this report, our recommendations should be reviewed and
possibly modified by the geotechnical engineer. If the geotechnical engineer is not accorded the privilege
of making this recommended review, he can assume no responsibility for misinterpretation or
misapplication of his recommendations or their validity in the event changes have been made in the
original design concept without his prior review. The engineer makes no other warranties, either
expressed or implied, as to the professional advice provided under the terms of this agreement and
included in this report.
This report was prepared by CME for the account of the Shaw Engineering. The material in it reflects our
best judgment in light of the information available to us at the time of preparation. Any use which a third
party makes of this report, or any reliance on or decisions to be made based upon it, are the responsibility
of such third parties. Construction Materials Engineers Inc. accepts no responsibility for damages, if any,
suffered by any third party as a result of decisions made or actions based on this report.
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Tested By: M. PONTONI

Checked By: A. KASOZI
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Client:

SHAW ENGINEERING

Remarks:

FLEISH SPILLWAY

Location: TEST PIT 1A AT 0.0'-1.0'

Sample Number: 31915

Figure

Tested By: A. SALAZAR

Checked By: A. KASOZI
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TEST RESULTS

Maximum dry density = 127.0 pcf

Sp.G.

LL

PI

%>
#4

%<
No.200

30

11

11.4

28.9

MATERIAL DESCRIPTION
clayey sand

Optimum moisture = 10.0 %
Project No. 2109
Client:
Project: FLEISH SPILLWAY
Location: TEST PIT 1A AT 0.0'-1.0'

SHAW ENGINEERING

Remarks:
RECEIVED 12/14/2017

Date:
Sample Number: 31915

Figure

Tested By: T. HAM

Checked By: S. VINEIS
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Sample Type: REMOLDED
Description: clayey sand
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Normal Stress, psf
Fail. Stress, psf
Strain, %
Ult. Stress, psf
Strain, %
Strain rate, in./min.
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Client: SHAW ENGINEERING
Project: FLEISH SPILLWAY

LL= 30
PL= 19
PI= 11
Location: TEST PIT 1A AT 0.0'-1.0'
Assumed Specific Gravity= 2.63
Remarks: TESTED 12/20/2017. Test conducted on Sample Number: 31915
- #4 portion & sample remolded to 114.4 pcf
Proj. No.: 2109
Date Sampled: 12/14/17
Target Dry Density (90% of Proctor Maximum) &
10.1% Target Moisture Content (Optimum).
Figure B-3
Tested By: A. KASOZI

Checked By: R. REYNOLDS
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