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This report presents the results of our geotechnical investigation performed for the 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement Project, located in the 
City of Moreno Valley, Riverside County, California. The project location is shown in 
Figure No. 1, Approximate Project Location Map. 

The purposes of this investigation were to determine the nature and engineering properties 
of the subsurface soils, and to provide design and construction recommendations for the 
project. 

This report is prepared for the project described herein and is intended for use solely by 
Gannett Fleming, Inc., and their authorized agents for design purposes. It should not be 
used as a bidding document but may be made available to the potential contractors for 
information on factual data only. For bidding purposes, the contractors should be 
responsible for making their own interpretation of the data contained in this report. 

2.0 PROJECT DESCRIPTION 

Based on the information provided by Gannett Fleming, Inc., the project will consist of the 
construction of a new BPS. The BPS will likely be a 40' x 20' masonry block wall building 
with slab on grade. It will be founded on shallow footings. Associated with the BPS there 
will be yard piping. Depth to pipe invert will be about 5 feet below existing ground surface. 

3.0 SITE DESCRIPTION 

The site is located at 25565 Kalmia Avenue in the City of Moreno Valley, Riverside 
County, California. The site is bounded by Kalmia Avenue on the north, residential 
properties to the east, west and south (separated by a standard chain link from all the 
sides). The site is presently occupied by a water reservoir. The property can be divided 
into two sections: front and back. The description of the site is as follows. 

• Front: Landscaped lot fully secured on all sides by a standard 6-foot chain link 
fence, with angled barbed wire top. A paved access road surrounds the existing 
tank. Several above ground appurtenances exist around the premises. A 7-foot
high cinder block wall surrounding existing cell phone signal tower to the southwest 
of existing tank. Steep slopes surround the north and east of the property. 

• Back: Undeveloped, graded dirt lot fully secured on all sides by a standard 6-foot
high chain link fence with angled barbed wire top. Several below ground 
appurtenances traverse the subsurface. 

• Access to entire project site off Kalmia Avenue via locked gate (front). Access to 
future BPS location through secondary locked gates (back). 

• No overhead utilities. Several large trees are present in front, no trees in back. 
• Photograph No. 1 and 2 depict the present site conditions. 

~ Converse Consultants 
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Photograph No. 1: Entrance to existing tank site, facing south. 

Photograph No. 2: Rear vacant Jot, facing south. 
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The scope of this investigation included project set-up, subsurface exploration, laboratory 
testing, engineering analysis, and preparation of this report, as described in the following 
sections. 

4.1 Project Set-up 

As part of the project set-up, our staff performed the following tasks. 

• Conducted a field reconnaissance and staked/marked the borings at locations 
selected by Ms. Carolina Cubides with Gannett Fleming, Inc. such that drill rig 
access to all the locations was available. 

• Notified Underground Service Alert (USA) at least 48 hours prior to drilling to clear 
the boring locations of any conflict with existing underground utilities. 

• Engaged a California-licensed driller to drill exploratory borings. 

4.2 Subsurface Exploration 

Three exploratory borings (BH-01 through BH-03) were drilled on December 28, 2021, to 
investigate the subsurface conditions. The borings were drilled to depths between 15.5 feet 
and 51.5 feet below ground surface (bgs). 

Approximate boring locations are indicated in Figure No. 2, Approximate Boring Locations 
Map. For a description of the field exploration and sampling program, see Appendix A, Field 
Exploration. 

4.3 Laboratory Testing 

Representative soil samples of the project site were tested in the laboratory to aid in the 
soils classification and to evaluate the relevant engineering properties of the soils. These 
tests included the following. 

• In-situ moisture contents and dry densities (ASTM 02216 and ASTM 02937) 
• Soil corrosivity (California Tests 643, 422, and 417) 
• Collapse potential (ASTM 04546) 
• Grain size distribution (ASTM 06913) 
• Maximum dry density and optimum-moisture content (ASTM 01557) 
• Direct shear (ASTM 03080) 
• Consolidation (ASTM 02435) 

For in-situ moisture and dry density data, see the Logs of Borings in Appendix A, Field 
Exploration. For a description of the laboratory test methods and test results, see Appendix 
B, Laboratory Testing Program. 

~ Converse Consultants 
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4.4 Analysis and Report Preparation 

Data obtained from the field exploration and laboratory testing program was compiled and 
evaluated. Geotechnical analyses of the compiled data were performed, and this report 
was prepared to present our findings, conclusions, and recommendations for the project. 

5.0 LABORATORY TEST RESULTS 

Results of physical and chemical tests performed for this project are presented below. 

5.1 Physical Testing 

Results of the various laboratory tests are presented in Appendix B, Laboratory Testing 
Program, except for the results of in-situ moisture and dry density tests which are 
presented on the Logs of Borings in Appendix A, Field Exploration. The results are also 
discussed below. 

• In-situ Moisture and Dry Density - In-situ dry density and moisture content of the 
soils were determined in accordance with ASTM Standard D2216 and D2937. Dry 
densities of upper 10 feet soils of the site ranged from 111 to 124 pcf with moisture 
contents ranging from 2 to 13 percent. Results are presented in the log of borings 
in Appendix A, Field Exploration. 

• Collapse Potential - The collapse potential of three relatively undisturbed samples 
were tested under a vertical stress of up to 2.0 kips per square foot (ksf) in 
accordance with the ASTM Standard D4546 test method. The test results showed 
collapse potential of 1.6, 1.9 and 0.3 percent, indicating slight collapse potential. 

• Grain Size Analysis - Three representative soil samples were tested to determine 
the relative grain size distribution in accordance with the ASTM Standard D6913. 
The test results are graphically presented in Drawing No. B-1, Grain Size 
Distribution Results. 

• Maximum Dry Density and Optimum Moisture Content - The moisture-density 
relationship of a representative soil sample was tested in according to ASTM 
Standard D1557 and the results are presented in Drawing No. B-2, Moisture
Density Relationship Results, in Appendix B, Laboratory Testing Program. The 
laboratory maximum dry density was 133.0 pounds per cubic feet (pcf) with 
optimum moisture content of 7.5 percent. 

• Direct Shear - One direct shear test was performed in accordance with ASTM 
Standard D3080 on relatively undisturbed ring samples. The results of the direct 
shear tests are presented in Drawing No. B-3, Direct Shear Test Results in 
Appendix B, Laboratory Testing Program. 

• Consolidation - One consolidation test was performed on relatively undisturbed 
samples of the site soils, in accordance with ASTM Standard D2435. The test 
results are shown on Drawing No. B-4, Consolidation Test Results, in Appendix B, 
Laboratory Testing Program. 
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5.2 Chemical Testing - Corrosivity Evaluation 

One representative soil sample was tested to determine minimum electrical resistivity, 
pH, and chemical content, including soluble sulfate and chloride concentrations. The 
purposes of these tests were to determine the corrosion potential of site soils when placed 
in contact with common pipe materials. These tests were performed by AP Engineering 
and Testing, Inc. (Pomona, CA) in accordance with California Tests 643, 422, and 417. 
The test results are presented in Appendix B, Laboratory Testing Program and 
summarized below. 

• The pH measurement of the sample was 8.3. 
• The soluble sulfate content of the sample was 16 ppm (0.0016 percent by weight). 
• The chloride concentration of the sample was 26 ppm. 
• The minimum electrical resistivity of the sample when saturated was 2,717 ohm

cm. 

6.0 SITE CONDITIONS 

A general description of the subsurface conditions, various materials and groundwater 
conditions encountered at each location during our field exploration is discussed below. 

6.1 Subsurface Profile 

Based on the exploratory borings and laboratory test results, the subsurface soils at the 
site encountered in the borings at various depths consists primarily of a mixture of sand, 
silt, trace clay, and gravel. Scattered to few gravel up to 2 inches in maximum dimension 
was observed in all the borings. The soils were slightly indurated below a depth of 25 feet. 

Discernible fill soils were not identified in our subsurface exploration; however, the site 
may have been previously graded for the existing structures and fill soil is likely present. 
If present, the fill soils were likely derived from on-site sources and are similar to the native 
alluvial soils in composition and density. 

For a detailed description of the subsurface materials encountered in the exploratory 
borings, see Drawings No. A-2 through A-4 Logs of Borings, in Appendix A, Field 
Exploration. 

6.2 Groundwater 

Groundwater was not encountered in any of the borings to the maximum explored depth 
of 51.5 feet bgs. The coordinates of 33.953058N, 117.215849W were used to research 
and identify comparable groundwater levels. 

The State Water Resources Control Board's Geo Tracker Database (SWRCB, 2021) was 
reviewed to establish current and historic groundwater levels. Within a 1.0-mile radius of 
the centralized coordinates, no site with groundwater data was identified. 
~ Converse Consultants 
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The National Water Information System (USGS, 2021) was reviewed to establish current 
and historic groundwater levels. Within a 1.0-mile radius of the centralized coordinates, 
no site with groundwater data was identified. 

The California Department of Water Resources database (DWR, 2021) was reviewed to 
establish current and historic groundwater levels. Within a 1.0-mile radius of the 
centralized coordinates, no site with groundwater data was identified. 

Based on available data, current groundwater is expected to be deeper than about 51.5 
feet bgs. Groundwater is not expected to be encountered during the construction of the 
project. It should be noted that the groundwater level could vary depending upon the 
seasonal precipitation and possible groundwater pumping activity in the site vicinity. 
Shallow perched groundwater may be present locally, particularly following precipitation. 

6.3 Expansive Soils 

Expansive soils are characterized by their ability to undergo significant volume changes 
(shrink or swell) due to variations in moisture content. Changes in soil moisture content 
can result from precipitation, landscape irrigation, utility leakage, roof drainage, perched 
groundwater, drought, or other factors and may result in unacceptable settlement or 
heave of structures or concrete slabs supported on grade. Depending on the extent and 
location below finish subgrade, expansive soils can have a detrimental effect on 
structures. Expansion index of the site soils was not determined. However, based on the 
soil type and experience with similar projects, the expansion index of site soil should be less 
than 20, corresponds to very low expansion potential. This should be verified during the 
site grading. 

6.4 Collapse Potential 

Soil deposits subjected to collapse/hydro-consolidation generally exist in regions of 
moisture deficiency. Collapsible soils are generally defined as soils that have potential to 
suddenly decrease in volume upon increase in moisture content even without an increase 
in external loads. Moreover, some soils may have a different degree of collapse/hydro
consolidation based on the amount of proposed fill or structure loads. Soils susceptible 
to collapse/ hydro-consolidation include wind-blown silt, weakly cemented sand, and silt 
where the cementing agent is soluble (e.g., soluble gypsum, halite), alluvial or colluvial 
deposits within semi-arid to arid climate, and certain weathered bedrock above the 
groundwater table. 

Granular soils may have a potential to collapse upon wetting in arid climate regions. 
Collapse/hydro-consolidation may occur when the soluble cements (carbonates) in the 
soil matrix dissolve, causing the soil to density from its loose/low density configuration 
from deposition. 

The degree of collapse of a soil can be defined by the collapse potential value, which is 
expressed as a percent of collapse of the total sample using the Collapse Potential Test 
~ Converse Consultants 
~ MIJOBFILE\2020\81\20-81-256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81-256GIR(02)pumpst 



Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page 7 

(ASTM 04546). According to the ASTM guideline, the severity of collapse potential is 
commonly evaluated by the following Table No. 1, Co/lapse Potential Values. 

Table No. 1, Collapse Potential Values 
Collapse Potential Value (%) Severity of Problem 

0 None 

0.1 to 2 Sl ight 
- -

2.1 to 6.0 Moderate 

6.0 to 10.0 Moderately Severe 

>10 Severe 

Based on the laboratory test results (collapse potential of 6.6, 1.9 and 0.3 percent), a 
slight problem is anticipated at the site. Collapse potential distress is typically considered 
a concern when collapse potential is over 2% (LA County, 2013). 

6.5 Excavatability 

The subsurface materials at the site are expected to be excavatable by conventional 
heavy-duty earth moving and trenching equipment. However, excavation will be difficult 
if concentration of gravel is encountered, as well as very dense soils below a depth of 
approximately 5 feet to 10 feet. 

The phrase "conventional heavy-duty excavation equipment" is intended to include 
commonly used equipment such as excavators, scrapers, and trenching machines. It 
does not include hydraulic hammers ("breakers"), jackhammers, blasting, or other 
specialized equipment and techniques used to excavate hard earth materials. Selection 
of an appropriate excavation equipment models should be done by an experienced 
earthwork contractor. 

6.6 Subsurface Variations 

Based on results of the subsurface exploration and our experience, some variations in 
the continuity and nature of subsurface conditions within the project site should be 
anticipated. Because of the uncertainties involved in the nature and depositional 
characteristics of the earth material, care should be exercised in interpolating or 
extrapolating subsurface conditions between or beyond the boring locations. 

7.0 ENGINEERING GEOLOGY 

The regional and local geology within the proposed project area is discussed below. 

Converse Consultants 
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The project is located within the northern Peninsular Ranges Geomorphic Province of 
Southern California. The Peninsular Ranges Geomorphic Province consists of a series of 
northwest-trending mountain ranges and valleys bounded on the north by the San 
Bernardino and San Gabriel Mountains, on the west by the Los Angeles Basin, and on 
the southwest by the Pacific Ocean. 

The province is a seismically active region characterized by a series of northwest-trending 
strike-slip faults. The most prominent of the nearby fault zones include the San Jacinto, 
Elsinore, and San Andreas fault zones (CGS, 2007), all of which have been known to be 
active during Quaternary time. 

Topography within the province is generally characterized by broad alluvial valleys 
separated by linear mountain ranges. This northwest-trending linear fabric is created by 
the regional faulting within the granitic basement rock of the Southern California Batholith . 
Broad, linear, alluvial valleys have been formed by erosion of these principally granitic 
mountain ranges. 

The project is located within the north-central portion of the Perris Block region of the 
Peninsular Ranges province. The Perris Block is a relatively stable structural block 
bounded by the active Elsinore and San Jacinto fault zones to the west and east, and the 
Chino and Temecula basins to the north and south, respectively. The Perris Block has 
low relief and is roughly rectangular in shape. 

7.2 Local Geology 

• The project site and alignments are anticipated to be primarily underlain by middle 
to early Pleistocene, very old alluvial fan deposits (Qvof). These deposits are 
mostly moderately to well consolidated silt, sand, gravel, and conglomerate. 

• Tonalite granite (bedrock) is exposed approximately 1,500 feet northwest of the 
project site and is potentially present at shallow depths nearby. 

The site and surrounding local geology are shown on Figure 3, Geological Reference 
Map. 

8.0 FAUL TING AND SEISMICITY 

Nearby active faults, seismicity, and their impact on the project site and alignment are 
discussed in the following sections. 

8.1 Faulting 

No portion of the project site is located within a currently designated State of California or 
Riverside County Earthquake Fault Zone (CGS, 2007; Riverside County, 2021 ). The nearest 

~ Converse Consultants 
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active fault zone is a Riverside County Fault Zone located approximately 1.5 miles to the 
northeast and the San Jacinto Fault Zone located approximately 2.3 miles northeast of 
Kalmia Avenue. 

8.2 CBC Seismic Design Parameters 

CBC seismic design parameters based on the 2019 California Building Code (CBC, 
2019), ASCE 7-16 and site coordinates 33.953058N latitude and 11 7.215849W longitude 
are provided in the following table. These parameters were determined using the ATC 
Hazards online calculator. 

Table No. 2, CBC Seismic Desi 

Site Coordinates 

Site Class 

Risk Category 

Mapped Short period (0.2-sec) Spectral Response Acceleration, Ss 

Mapped 1-second Spectral Response Acceleration, S1 

Site Coefficient (from Table 11.4-1 ), Fa 
Site Coefficient (from Table 11.4-2), Fv 

MCE 0.2-sec period Spectral Response Acceleration, SMs 

MCE 1-second period Spectral Response Acceleration, SM1 

Design Spectral Response Acceleration for short period Sos 

Design Spectral Response Acceleration for 1-second period, So1 
Site Modified Maximum Peak Ground Acceleration, PGAM 

8.3 Secondary Effects of Seismic Activity 

33.953058N, 
117.215849W 

D 

111 

2.029g 

0.804g 

1.0 

1.7 

2.029g 

1.367g 

1.353g 

0.911 g 

0.942g 

Generally, in addition to ground shaking, effects of seismic activity on a structure/pipeline 
may include surface fault rupture, soil liquefaction and dry seismic settlement, landslides 
and lateral spreading, and flooding due to earthquake-induced dam failure. The site
specific potential for each of these seismic hazards is discussed in the following sections. 

Surface Fault Rupture: No portion of the project site/alignment is located within a 
currently designated State of California or Riverside County Earthquake Fault Zone 
(CGS, 2007; Riverside County, 2021 ). The potential for surface rupture resulting from the 
movement of nearby or distant faults is not known with certainty but is considered very 
low. 

Dynamic Settlement (Liquefaction and Dry Seismic Settlement): Liquefaction is 
defined as the phenomenon in which a soil mass within about the upper 50 feet of the ground 
surface suffers a substantial reduction in its shear strength, due the development of excess 
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pore pressures. During earthquakes, excess pore pressures in saturated soil deposits may 
develop as a result of induced cyclic shear stresses, resulting in liquefaction. 

Soil liquefaction occurs during or after strong ground shaking. There are several 
requirements for liquefaction to occur. They are as follows. 

• Soils must be submerged 
• Soils must be loose to medium-dense 
• Ground motion must be intense 
• Duration of shaking must be sufficient for the soils to lose shear resistance 

Based on a review of state and county data, the risk of liquefaction is considered to be 
low to moderate at this project site. Based on a site-specific settlement analysis presented 
in Appendix C, Liquefaction and Settlement Analysis, we estimate that the liquefaction 
induced settlement of the site is negligible. 

Landslides and Lateral Spreading: Seismically induced landslides and other slope 
failures are common occurrences during or after earthquakes in areas of significant relief. 
No portion of the project site is located within a currently designated State of California or 
Riverside County Landslide Zone (CGS, 2007; Riverside County, 2021 ). Seismically 
induced lateral spreading involves primarily lateral movement of earth materials due to 
ground shaking. The potential for landslides or lateral spreading at this project site is 
considered very low. 

Tsunamis: Tsunamis are large waves generated in open bodies of water by fault 
displacement or major ground movement. Due to the inland location and elevation of the 
site, tsunamis are not considered to be a risk. 

Seiches: Seiches are large waves generated in enclosed bodies of water in response to 
ground shaking. Due to the distance to large bodies of water, the site is not at risk of seiching. 

Earthquake-Induced Flooding: Dams or other water-retaining structures may fail as a 
result of large earthquakes. The project site is not located within a designated dam 
inundation area (DSOD, 2021 ). 

9.0 EARTHWORK RECOMMENDATIONS 

Earthwork recommendations for the project are presented in the following sections. 

9.1 General 

This section contains our general recommendations regarding earthwork and grading for 
the project. These recommendations are based on the results of our field exploration, 
laboratory tests, our experience with similar projects, and data evaluation as presented in 
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the preceding sections. These recommendations may require modification by the 
geotechnical consultant based on observation of the actual field conditions during grading. 

Prior to the start of construction, all existing underground utilities and appurtenances 
should be located at the project site. Such utilities should either be protected in-place or 
removed and replaced during construction as required by the project specifications. All 
excavations should be conducted in such a manner as not to cause loss of bearing and/or 
lateral support of existing utilities. All debris and deleterious material should be removed 
from the site. 

If isolated pockets of very soft, loose, eroded, or pumping soil are encountered, the 
unstable soil should be excavated as needed to expose undisturbed, firm, and unyielding 
soils. 

The contractor should determine the best manner to conduct the excavations, such that 
there are no losses of bearing and/or lateral support to the existing utilities (if any). 

The final bottom surfaces of all excavations should be observed and approved by the 
project geotechnical consultant prior to placing any fill. Based on these observations, 
localized areas may require remedial grading deeper than indicated herein. Therefore, 
some variations in the depth and lateral extent of excavation recommended in this report 
should be anticipated. 

9.2 Remedial Grading 

Footings, slab-on-grade, and pavements should be uniformly supported by compacted fill. 
In order to provide uniform support, structural areas should be generally overexcavated, 
scarified, and recompacted as follows. 

Table No. 3, Overexcavation Depths 
Structure/Pavement I Minimum Excavation Depth 

Footings (building) 2 feet below footing bottom or 5 feet below existing ground 
surface, whichever is deeper 

Slab-on-grade 15 inches below slab bottom or 2 feet below existing ground 
surface, whichever is deeper 

Walls (footings if any) 15 inches below footings bottom or 2 feet below existing 
ground surface, whichever is deeper 

Pavements 12 inches below finish grade 

The overexcavation below the footings, slab and pavements should be uniform. The 
overexcavation should extend to at least 3 feet beyond the footprint of the building 
footings, 2 feet beyond the slab and wall footings and at least 1 foot beyond the edge of 
the pavements. The overexcavation bottom should be scarified and compacted as 
described in Section 9.4, Compacted Fill Placement. 
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9.3 Engineered/Structural Fill 

No fill or aggregate base should be placed until excavations and/or natural ground 
preparation have been observed by the geotechnical consultant. The native soils 
encountered within the site are generally considered suitable for re-use as compacted fill. 
Excavated soils should be processed, including cleaning roots and debris, removal of 
oversized particles, mixing, and moisture conditioning, before placing as compacted fill. 
On-site soils used as fill should meet the following criteria. 

• No particles larger than 3 inches in largest dimension. 
• Rocks larger than 1 inch should not be placed within the upper 12 inches of 

subgrade soils. 
• Free of all organic matter, debris, or other deleterious material. 
• Expansion index of 20 or less. 
• Sand Equivalent greater than 15 (greater than 30 for pipe bedding). 
• Contain less than 30 percent by weight retained in 3/4-inch sieve. 
• Contain less than 40 percent fines (passing #200 sieve). 

Based on field investigation and laboratory testing results, on-site soils may be suitable 
as structural/engineered fill materials. 

Any imported fills should be tested and approved by geotechnical representative prior to 
delivery to the site. Imported materials, if required, should meet the above criteria prior to 
being used as compacted fill. 

9.4 Compacted Fill Placement 

All surfaces to receive structural fills should be scarified to a depth of 6 inches. The soil 
should be moisture conditioned to within ±3 percent of optimum moisture content for coarse 
soils and O to 2 percent above optimum moisture content for fine soils. The scarified soils 
should be recompacted to at least 90 percent of the laboratory maximum dry density. 

Fill soils should be thoroughly mixed, and moisture conditioned to within ±3 percent of 
optimum moisture content for coarse soils and O to 2 percent above optimum moisture 
content for fine soils. Fill soils should be evenly spread in horizontal lifts not exceeding 8 
inches in uncompacted thickness. 

All fill placed at the site should be compacted to at least 90 percent of the laboratory 
maximum dry densities as determined by ASTM Standard D1557 test method unless a 
higher compaction is specified herein. At least the upper 1 foot of subgrade soils 
underneath pavements intended to support vehicle loads should be scarified, moisture 
conditioned, and compacted to at least 95 percent of the laboratory maximum dry density. 

Fill materials should not be placed, spread, or compacted during unfavorable weather 
conditions. When site grading is interrupted by heavy rain, filling operations should not 
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resume until the geotechnical consultant approves the moisture and density conditions of 
the previously placed fill. 

9.5 Shrinkage and Subsidence 

The volume of excavated and recompacted soils may be expected to decrease as a result 
of grading. The shrinkage would depend on, among other factors, the depth of cut and/or 
fill, and the grading method and equipment utilized. For preliminary estimation, shrinkage 
factors for various units of earth material at the site may be taken as presented below. 

• An average shrinkage factor (defined as a percentage of soil volume reduction when 
moisture conditioned and compacted to the average of 92 percent relative 
compaction) of 5 to 8 percent can be used for the upper 5 feet of soils for preliminary 
earthwork planning. 

• Subsidence (defined as the settlement of native materials from the equipment load 
applied during grading) would depend on the construction methods including type of 
equipment utilized. For estimation purposes, ground subsidence may be taken as 
0. 1 to O .1 5 feet. 

Although these values are only approximate, they represent our best estimates of the factors 
to be used to calculate lost volume that may occur during grading. If more accurate 
shrinkage and subsidence factors are needed, it is recommended that field-testing using the 
actual equipment and grading techniques be conducted. 

9.6 Site Drainage 

Adequate positive drainage should be provided away from the structure and excavation 
areas to prevent ponding and to reduce percolation of water into the foundation soils. The 
building pad should have a gradient of at least 2 percent towards drainage facilities. The 
drainage gradient should be 1 percent for paved areas and 2 percent in landscaped areas. 
Surface drainage should be directed to suitable non-erosive devices. 

9. 7 Utility Trench Backfill 

The following sections present earthwork recommendations for utility trench backfill , 
including subgrade preparation and trench zone backfill. 

Open cuts adjacent to existing roadways or structures are not recommended within a 1: 1 
(horizontal: vertical) plane extending down and away from the roadway or structure 
perimeter (if any). 

Soils from the trench excavation should not be stockpiled more than 6 feet in height or 
within a horizontal distance from the trench edge equal to the depth of the trench . Soils 
should not be stockpiled behind the shoring, if any, within a horizontal distance equal to 
the depth of the trench, unless the shoring has been designed for such loads. 
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9.7.1 Pipeline Subgrade Preparation 

The final subgrade surface should be level, firm, uniform, and free of loose materials and 
properly graded to provide uniform bearing and support to the entire section of the pipe 
placed on bedding material. Protruding oversize particles larger than 2 inches in 
dimension, if any, should be removed from the trench bottom and replaced with 
compacted on-site materials. 

Any loose, soft and/or unsuitable materials encountered at the pipe subgrade should be 
removed and replaced with an adequate bedding material. During the digging of 
depressions for proper sealing of the pipe joints, the pipe should rest on a prepared 
bottom for as near its full length as is practicable. 

9.7.2 Pipe Bedding 

Bedding is defined as the material supporting and surrounding the pipe to 1 foot above 
the pipe. Pipe bedding should follow EMWD Standards. If additional recommendations 
beyond EMWD Standards are needed, the following specifications can be used during 
the placement of pipe bedding. 

To provide uniform and firm support for the pipe, compacted granular materials such as 
clean sand, gravel or ¾-inch crushed aggregate, or crushed rock may be used as pipe 
bedding material. Typically, soils with sand equivalent value of 30 or more are used as 
pipe bedding material. The pipe designer should determine if the soils are suitable as pipe 
bedding material. 

The type and thickness of the granular bedding placed underneath and around the pipe, 
if any, should be selected by the pipe designer. The load on the rigid pipes and deflection 
of flexible pipes and, hence, the pipe design, depends on the type and the amount of 
bedding placed underneath and around the pipe. 

Bedding materials should be vibrated in-place to achieve compaction. Care should be 
taken to density the bedding material below the spring line of the pipe. Prior to placing the 
pipe bedding material, the pipe subgrade should be uniform and properly graded to 
provide uniform bearing and support to the entire section of the pipe placed on bedding 
material. During the digging of depressions for proper sealing of the pipe joints, the pipe 
should rest on a prepared bottom for as near its full length as is practicable. 

Migration of fines from the surrounding native and/or fill soils may not be considered in 
selecting the gradation of any imported bedding material. 

9.7.3 Trench Zone Backfill 

The trench zone is defined as the portion of the trench above the pipe bedding extending 
up to the final grade level of the trench surface. Excavated site soil free of oversize 
particles and deleterious matter may be used to backfill the trench zone. Trench backfill 
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should follow EMWD Standards. For trenching excavation into bedrock, see Section 6.5, 
Excavatability. Based on the pipe profile (cover 5 feet bgs), trenching recommendations 
for pipelines below groundwater is not required. If additional recommendations beyond 
EMWD Standards are needed, the following specifications can be used during the 
placement of trench backfill. 

• Trench excavations to receive backfill should be free of trash, debris or other 
unsatisfactory materials at the time of backfill placement. 

• Trench zone backfill should be compacted to at least 90 percent of the laboratory 
maximum dry density as per ASTM D1557 test method. At least the upper 1 foot 
of trench backfill underlying pavement should be compacted to at least 95 percent 
of the laboratory maximum dry density as per ASTM D1557 test method. 

• Particles larger than 1 inch should not be placed within 12 inches of the pavement 
subgrade. No more than 30 percent of the backfill volume should be larger than 
¾-inch in the largest dimension. Gravel should be well mixed with finer soil. Rocks 
larger than 3 inches in the largest dimension should not be placed as trench 
backfill. 

• Trench backfill should be compacted by mechanical methods, such as sheepsfoot, 
vibrating or pneumatic rollers or mechanical tampers to achieve the density 
specified herein. The backfill materials should be brought to within ± 3 percent of 
optimum moisture content for coarse-grained soil, and between optimum and 2 
percent above optimum for fine-grained soil, then placed in horizontal layers. The 
thickness of uncompacted layers should not exceed 8 inches. Each layer should 
be evenly spread, moistened or dried as necessary, and then tamped or rolled until 
the specified density has been achieved. 

• The contractor should select the equipment and processes to be used to achieve 
the specified density without damage to adjacent ground, structures, utilities and 
completed work. 

• The field density of the compacted soil should be measured by the ASTM D1556 
(Sand Cone) or ASTM D6938 (Nuclear Gauge) or equivalent. 

• Observations and field tests should be performed by the project soils consultant to 
confirm that the required degree of compaction has been obtained. Where 
compaction is less than that specified, additional compactive effort should be made 
with adjustment of the moisture content as necessary, until the specified 
compaction is obtained. 

• It should be the responsibility of the contractor to maintain safe working conditions 
during all phases of construction. 

• Trench backfill should not be placed, spread or rolled during unfavorable weather 
conditions. When the work is interrupted by heavy rain, fill operations should not 
resume until field tests by the project's geotechnical consultant indicate that the 
moisture content and density of the fill are in compliance with project specifications. 
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10.0 DESIGN RECOMMENDATIONS 

The various design recommendations provided in this section are based on the 
assumption that the above earthwork and grading recommendations will be implemented 
in the project design and construction . 

10.1 Shallow Foundation Design Parameters 

The proposed BPS pads and walls (if any) may be supported on continuous and/or 
isolated spread footings. The design of the shallow foundations should be based on the 
recommended parameters presented in the table below. 

Table No. 4, Recommended Foundation Parameters 
Parameter I Value 

Minimum continuous footing width 18inches 

Minimum isolated footing width 18inches 
Minimum continuous or isolated footing depth of embedment below 18inches lowest adjacent grade 
Allowable net bearing capacity 3,000 psf 

The actual footing dimensions and reinforcement should be based on structural design. 
The allowable bearing capacity can be increased by 500 pounds per square foot (psf) 
with each foot of additional embedment and 100 psf with each foot of additional width up 
to a maximum of 4,000 psf. 

The net allowable bearing values indicated above are for the dead loads and frequently 
applied live loads and are obtained by applying a factor of safety of 3.0 to the net ultimate 
bearing capacity. If normal code requirements are applied for design, the above vertical 
bearing value may be increased by 33 percent for short duration loadings, which will 
include loadings induced by wind or seismic forces. 

10.2 Lateral Earth Pressures and Resistance to Lateral Loads 

In the following subsections, the lateral earth pressures and resistance to lateral loads 
are estimated by using on-site native soils strength parameters obtained from laboratory 
testing. 

10.2.1 Active Earth Pressures 

The active earth pressure behind any buried wall or foundation depends primarily on the 
allowable wall movement, type of backfill materials, backfill slopes, wall or foundation 
inclination, surcharges, and any hydrostatic pressures. The lateral earth pressures are 
presented in the following table. 
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Table No. 5, Active and At-Rest Earth Pressures 

Loading Conditions I Lateral Earth Pressure (psf) 

Active earth conditions (wall is free to deflect at least 0.001 
radian) 

At-rest (wall is restrained) 

40 

60 

These pressures assume no surcharge, and no hydrostatic pressure. If water pressure is 
allowed to build up behind the walls, the active pressures should be reduced by 50 percent 
and added to a full hydrostatic pressure to compute the design pressures against the walls. 

A uniform lateral pressure of 100 psf should be considered to account for normal vehicular 
and construction traffic within 10 feet of the structures. 

10.2.2 Resistance to Lateral Loads 

Resistance to lateral loads can be assumed to be provided by a combination of friction acting 
at the base of foundations and by passive earth pressure. A coefficient of friction of 0.35 
between formed concrete and soil may be used with the dead load forces. An allowable 
passive earth pressure of 270 psf per foot of depth may be used for the sides of the footing 
poured against recompacted native soils. A factor of safety of 1.5 was applied in calculating 
passive earth pressure. The maximum value of the passive earth pressure should be limited 
to 3,000 psf. 

Vertical and lateral bearing values indicated above are for the total dead loads and 
frequently applied live loads. If normal code requirements are applied for design, the above 
vertical bearing and lateral resistance values may be increased by 33 percent for short 
duration loading, which will include the effect of wind or seismic forces. 

Due to the low overburden stress of the soil at shallow depth, the upper 1 foot of passive 
resistance should be neglected unless the soil is confined by pavement or slab. 

10.3 Settlement 

The total settlement of mat foundation/footing from static structural loads and short-term 
settlement of properly compacted fill is anticipated to be 0.5 inch or less. The differential 
settlement resulting from static loads is anticipated to be 0.25 inches or less over a horizontal 
distance of 40 feet. 

Our analysis of the potential dynamic settlement is presented in Appendix C, Liquefaction 
and Settlement Analysis. We estimate that the potential for liquefaction induced settlement 
and dry seismic settlement for the site is negligible. 

Converse Consultants 
M\JOBFILE\2020\81\20-81-256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81-256GIR(02)pumpst 



Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page 18 

10.4 Pipe Design for Underground Utilities 

Structural design of pipes requires proper evaluation of all possible loads acting on pipes. 
The stresses and strains induced on buried pipes depend on many factors, including the 
type of soil, density, bearing pressure, angle of internal friction, coefficient of passive earth 
pressure, and coefficient of friction at the interface between the backfill and native soils. 
The recommended values of the various soil parameters for the pipe design are provided 
in Table No. 6, Soil Parameters for Pipe Design below. 

Where pipes are connecting to rigid structures near, or at its lower levels, and then are 
subjected to significant loads as the backfill is placed to finish grade, we recommend that 
provisions be incorporated in the design to provide support of these pipes where they exit 
the structure. Consideration can be given to flexible connections, concrete slurry support 
beneath the pipes where they exit the structures, overlaying and supporting the pipes with 
a few inches of compressible material, (i.e., Styrofoam, or other materials), or other 
techniques. Automatic shutoffs should be installed to limit the potential leakage in the 
event of damage in a seismic event. 

Table No. 6, Soil Parameters for Pi 

Average compacted fill total unit weight (assuming 92% relative 
compaction), y (pcf) 

Angle of internal friction of soils, $ 

Soil cohesion, c (psf) 

Coefficient of friction between concrete and native soils, fs 

Coefficient of friction between CML&C steel, PVC or HOPE pipe 
and native soils, fs 

Bearing pressure against native soils (psf) 

Coefficient of passive earth pressure, Kp 

Coefficient of active earth pressure, Ka 

Modulus of Soil Reaction E' (psi) 

10.5 Soil Corrosivity 

131 .5 

32 

0 

0.35 

0.25 

2,500 

3.25 

0.31 

1,500 

The results of chemical testing of one representative soil sample were evaluated for 
corrosivity with respect to common construction materials such as concrete and steel. 
The test results are presented in Appendix B, Laboratory Testing Program, and general 
discussion pertaining to soil corrosivity are presented below. 

The sulfate contents of the sampled soil correspond to American Concrete Institute (ACI ) 
exposure category SO for the sulfate concentration (ACI 318-14, Table 19.3.1.1 ). No 
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concrete type restrictions are specified for exposure category SO (ACI 318-14, Table 
19.3.2.1 ). A minimum compressive strength of 2,500 psi is recommended. 

We anticipate that concrete will be exposed to moisture from precipitation and irrigation. 
Based on the project location and the results of chloride testing of the soils, we do not 
anticipate that concrete structures will be exposed to external sources of chlorides, such 
as deicing chemicals, salt, brackish water, or seawater. ACI specifies exposure category 
C1 where concrete is exposed to moisture, but not to external sources of chlorides (ACI 
318-14, Table 19.3.1.1). ACI provides concrete design recommendations in ACI 318-14, 
Table 19.3.2.1 , including a compressive strength of at least 2,500 psi and a maximum 
chloride content of 0.3 percent. 

According to Romanoff, 1957, the following table provides general guideline of soil 
corrosion based on electrical resistivity. 

Table No. 7, Correlation Between Resistivity and Corrosion 
Soil Resistivity (ohm-cm) per Caltrans CT 643 Corrosivity Category 

Over 10,000 Mildly corrosive - - -
2,000 - 10,000 Moderately corrosive 

-
1,000 - 2,000 Corrosive 

Less than 1,000 Severe corrosive 

The measured value of the minimum electrical resistivity of the sample when saturated 
was 2,717 Ohm-cm. This indicates that the soil tested of the site is moderately corrosive 
to ferrous metals in contact with the soils (Romanoff, 1957). Converse does not practice 
in the area of corrosion consulting. If needed, a qualified corrosion consultant should 
provide appropriate corrosion mitigation measures for any ferrous metals in contact with 
the site and site soils. 

10.6 Flexible Pavement Recommendations 

Based on the soil type and experience with similar type of projects, an R-value of 30 was 
assumed. For pavement design, we have utilized a design subgrade R-value of 30 and 
design Traffic Indices (Tis) ranging from 5 to 8. 

Based on the above information, asphalt concrete and aggregate base thickness results 
are presented using the Caltrans Highway Design Manual (Caltrans, 2020), Chapter 630 
with a safety factor of 0.2 for asphalt concrete/aggregate base section and 0.1 for full 
depth asphalt concrete section. Preliminary asphalt concrete pavement sections are 
presented in the following table below. 
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Table No. 8, Recommended Prelimina . . . • • 

Design 
R-value 

30 

Traffic 
Index 

(11) 

11111 
II 

6 
7 

II 8 

Pavement Section 
Option 1 

Asphalt Concrete II Aggregate Base 
(inches) 1.1 (inches) 

I I 

• I 

I 

I 

• I 

11.0 

Option 2 
Full AC Section 

(inches) 
• I 

I . • 
10.0 

At or near the completion of grading, subsurface samples should be tested to evaluate 
the actual subgrade R-value for final pavement design. 

Prior to placement of aggregate base, at least the upper 12 inches of subgrade soils should 
be scarified, moisture-conditioned if necessary, and recompacted to at least 95 percent of 
the laboratory maximum dry density as defined by ASTM Standard 01557 test method. 

Base materials should conform with the City of Moreno Valley Standards should be placed 
in accordance with corresponding section of the Public Works Standards "Green book" latest 
version. 

Asphaltic concrete materials should conform to the City of Moreno Valley Standards or 
corresponding section of the Greenbook and should be placed accordingly. 

10.7 Rigid Pavement Recommendations 

Based on the soil type and experience with similar type of projects, an R-value of 30 to 
40 can be assumed. For pavement design, we have utilized a design subgrade R-value 
of 30 and design Traffic Indices (Tis) ranging from 5 to 8. We recommend that the project 
structural engineer consider the loading conditions at various locations and select the 
appropriate pavement sections from the following table. 

Table No. 9, Rigid Pavement Structural Sections 
Design R-Value I Design Traffic Index (11) I PCCP Pavement Section (inches) 

5.0 6.5 

30 
6.0 7.0 
7.0 7.5 
8.0 7.5 

Prior to placement of aggregate base, at least the upper 12 inches of subgrade soils should 
be scarified, moisture-conditioned if necessary, and recompacted to at least 95 percent of 
the laboratory maximum dry density as defined by ASTM Standard 01557 test method. 
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Positive drainage should be provided away from all pavement areas to prevent seepage 
of surface and/or subsurface water into pavement base and/or subgrade. 

At or near the completion of grading, subsurface samples should be tested to evaluate the 
actual subgrade R-value for final pavement design. 

The concrete pavement section is based on a minimum 28-day Modulus of Rupture (M
R) of 550 psi and a compressive strength of 3,000 psi. The third point method of testing 
beams should be used to evaluate modulus of rupture. The concrete mix design should 
contain a minimum cement content of 5.5 sacks per cubic yard. Recommended maximum 
and minimum values of slump for pavement concrete are three inches and one inch, 
respectively. 

Transverse contraction joints should not be spaced more than 15 feet and should be cut 
to a depth of ¼ the thickness of the slab. Longitudinal joints should not be spaced more 
than 12 feet apart. A longitudinal joint is not necessary in the pavement adjacent to the 
curb and gutter section. 

Concrete materials should conform to Section 201 of the 2018 Standard Specifications 
for Public Works Construction (SSPWC; Public Works Standards, 2018), and concrete 
pavement should be constructed in accordance with Section 302-6, "Portland Cement 
Concrete Pavement" of the SSPWC. 

1 o. B Concrete Flatwork 

Except as modified herein, concrete walks, driveways, access ramps, curb and gutters 
should be constructed in accordance with Section 303-5, Concrete Curbs, Walks, Gutters, 
Cross-Gutters, Alley Intersections, Access Ramps, and Driveways, of the Standard 
Specifications for Public Works Construction (Public Works Standards, 2018). 

The subgrade soils under the above structures should consist of compacted fill placed as 
described in this report. Prior to placement of concrete, the upper 2 feet of subgrade soils 
should be moisture conditioned within 3 percent of optimum moisture content for coarse
grained soils and 0 to 2 percent above optimum for fine-grained soils and compacted to 
at least 95% of the laboratory maximum dry density. 

The cement concrete thickness of driveways for passenger vehicles should be at least 4 
inches, or as required by the civil or structural engineer. Transverse control joints for 
driveways should be spaced not more than 10 feet apart. Driveways wider than 12 feet 
should be provided with a longitudinal control joint. 

Concrete walks subjected to pedestrian and bicycle loading should be at least 4 inches 
thick, or as required by the civil or structural engineer. Transverse joints should be spaced 
15 feet or less and should be cut to a depth of one-fourth the slab thickness. 
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Positive drainage should be provided away from all driveways and sidewalks to prevent 
seepage of surface and/or subsurface water into the concrete base and/or subgrade. 

11.0 CONSTRUCTION RECOMMENDATIONS 

Temporary sloped excavation and shoring design recommendations are presented in the 
following sections. 

11.1 General 

Prior to the start of construction, all existing underground utilities should be located at the 
project site. Such utilities should either be protected in-place or removed and replaced 
during construction as required by the project specifications. 

Sloped excavations may not be feasible in locations adjacent to existing utilities, 
pavement, or structures. Recommendations pertaining to temporary excavations are 
presented in this section. 

Excavations near existing structures may require vertical side wall excavation. Where the 
side of the excavation is a vertical cut, it should be adequately supported by temporary 
shoring to protect workers and any adjacent structures. 

All applicable requirements of the California Construction and General Industry Safety 
Orders, the Occupational Safety and Health Act, and the Construction Safety Act should 
be met. The soils exposed in cuts should be observed during excavation by the 
geotechnical consultant and the competent person designated by the contractor. If 
potentially unstable soil conditions are encountered, modifications of slope ratios for 
temporary cuts may be required. 

11.2 Temporary Sloped Excavations 

Temporary open-cut trenches may be constructed with side slopes as recommended in 
the following table. Temporary cuts encountering soft and wet fine-grained soils; dry 
loose, cohesionless soils or loose fill from trench backfill may have to be constructed at a 
flatter gradient than presented below. 

Table No. 10, Slope Ratios for Tern • • • • • • 

Soil Type 

Silty Sand (SM) and 
Sand with Silt SP-SM 

OSHA Soil 
Type 

C 

Depth of Cut 
(feet) 

0-10 -1 Slope ratio assumed to be uniform from top to toe of slope. 

Recommended Maximum 
Slope (Horizontal :Vertical)1 

1.5:1 

For shallow excavations up to 4 feet bgs can be vertical. For steeper temporary 
construction slopes or deeper excavations, or unstable soil encountered during the 
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excavation, shoring or trench shields should be provided by the contractor to protect the 
workers in the excavation. 

Surfaces exposed in slope excavations should be kept moist but not saturated to retard 
raveling and sloughing during construction. Adequate provisions should be made to 
protect the slopes from erosion during periods of rainfall. Surcharge loads, including 
construction materials, should not be placed within 5 feet of the unsupported slope edge. 
Stockpiled soils with a height higher than 6 feet will require greater distance from trench 
edges. 

12.0 GEOTECHNICAL SERVICES DURING CONSTRUCTION 

The project geotechnical consultant should review plans and specifications as the project 
design progresses. Such review is necessary to identify design elements, assumptions, 
or new conditions which require revisions or additions to our geotechnical 
recommendations. 

The project geotechnical consultant should be present to observe conditions during 
construction. Geotechnical observation and testing should be performed as needed to 
verify compliance with project specifications. Additional geotechnical recommendations 
may be required based on subsurface conditions encountered during construction. 

13.0 CLOSURE 

This report is prepared for the project described herein and is intended for use solely by 
Gannett Fleming, Inc. their authorized agents to assist in the design and construction of 
the proposed project. Our findings and recommendations were obtained in accordance 
with generally accepted professional principles practiced in geotechnical engineering. We 
make no other warranty, either expressed or implied. 

Converse Consultants is not responsible or liable for any claims or damages associated 
with interpretation of available information provided to others. Field exploration identifies 
actual soil conditions only at those points where samples are taken, when they are taken . 
Data derived through sampling and laboratory testing is extrapolated by Converse 
employees who render an opinion about the overall soil conditions. Actual conditions in 
areas not sampled may differ. In the event that changes to the project occur, or additional, 
relevant information about the project is brought to our attention, the recommendations 
contained in this report may not be valid unless these changes and additional relevant 
information are reviewed, and the recommendations of this report are modified or verified 
in writing. In addition, the recommendations can only be finalized by observing actual 
subsurface conditions revealed during construction. Converse cannot be held responsible 
for misinterpretation or changes to our recommendations made by others during 
construction. 
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As the project evolves, continued consultation and construction monitoring by a qualified 
geotechnical consultant should be considered an extension of geotechnical investigation 
services performed to date. The geotechnical consultant should review plans and 
specifications to verify that the recommendations presented herein have been 
appropriately interpreted, and that the design assumptions used in this report are valid . 
Where significant design changes occur, Converse may be required to augment or modify 
the recommendations presented herein. Subsurface conditions may differ in some 
locations from those encountered in the explorations, and may require additional analyses 
and, possibly, modified recommendations. 

Design recommendations given in this report are based on the assumption that it will be 
implemented. Additional consultation may be prudent to interpret Converse's findings for 
contractors, or to possibly refine these recommendations based upon the review of the 
actual site conditions encountered during construction. If the scope of the project 
changes, if project completion is to be delayed, or if the report is to be used for another 
purpose, this office should be consulted. 

Converse Consultants 
MIJOBFILE\2020\81\20-81-256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81-256GIR(02)pumpst 



14.0 REFERENCES 

Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page 25 

AMERICAN CONCRETE INSTITUTE (ACI), 2014, Building Code Requirements for 
Structural Concrete (ACI 318-14) and Commentary, October 2014. 

AMERICAN SOCIETY OF CIVI L ENGINEERS (ASCE), 2017, Minimum Design Loads for 
Buildings and Other Structures, SEI/ASCE Standard No. 7-16, dated 2017. 

CALIFORNIA BUILDING STANDARDS COMMISSION (CBSC), 2019, California Building 
Code (CBC). 

CALIFORNIA GEOLOGICAL SURVEY (CGS), 2007, Fault-Rupture Hazard Zones in 
California, Alquist-Priolo Earthquake Faulting Zoning Act with Index to Earthquake 
Fault Zone Maps, Special Publication 42, revised 2007. 

CALIFORNIA STATE WATER RESOURCES CONTROL BOARD (SWRCB), 2021 , 
GeoTracker database (http://geotracker.waterboards.ca.gov/), accessed in May 
2021. 

COUNTY OF LOS ANGELES, 2013, Manual for the Preparation of Geotechnical Reports, 
July 1, 2013. 

DAS, B.M., 2011, Principles of Foundation Engineering, Seventh Edition, published by 
Global Engineering, 2011. 

DEPARTMENT OF WATER RESOURCES - DIVISION OF SAFETY OF DAMS (DSOD), 
2021, California Dam Breach Inundation Maps, 
(https://fmds.water.ca.gov/webgis/?appid=dam_prototype_ v2), accessed in May 
2021. 

PUBLIC WORKS STANDARDS, INC., 2018, Standard Specifications for Public Works 
Construction ("Greenbook"), 2018. 

ROMANOFF, MELVIN, 1957, Underground Corrosion, National Bureau of Standards 
Circular 579, dated April 1957. 

U.S. GEOLOGICAL SURVEY (USGS), 2021 , National Water Information System: Web 
Interface (http://nwis.waterdata.usga.gov/nwis/gwlevels), accessed in May 2021. 

Converse Consultants 
MIJOBFILE\2020\81\20-81-256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81-256GIR(02)pumpst 



Appendix A 

Field Exploration 



Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page A-1 

APPENDIX A 

FIELD EXPLORATION 

Our field investigation included site a reconnaissance and a subsurface exploration 
program consisting of drilling soil borings. During the site reconnaissance, the surface 
conditions were noted, and the borings were marked at locations selected by Ms. Carolina 
Cubides with Gannett Fleming, Inc. The approximate boring locations were established 
in the field with reference to existing site plans and other visible features. The locations 
should be considered accurate only to the degree implied by the method used. 

Three exploratory borings (BH-01 through BH-03) were drilled on December 28, 2021, to 
investigate the subsurface conditions. The borings were drilled to depths between 15.5 feet 
and 51.5 feet below ground surface (bgs). 

The borings were advanced using a truck-mounted drill rig equipped with 8-inch diameter 
hollow-stem augers for soils sampling. Encountered materials were continuously logged 
by a Converse Geologist and classified in the field by visual classification in accordance 
with the Unified Soil Classification System. Where appropriate, the field descriptions and 
classifications have been modified to reflect laboratory test results. 

Relatively undisturbed samples were obtained using California Modified Samplers (2.4 
inches inside diameter and 3.0 inches outside diameter) lined with thin sample rings. The 
steel ring sampler was driven into the bottom of the borehole with successive drops of a 
140-pound driving weight falling 30 inches. Blow counts at each sample interval are 
presented on the boring logs. Samples were retained in brass rings (2.4 inches inside 
diameter and 1.0 inch in height) and carefully sealed in waterproof plastic containers for 
shipment to the Converse laboratory. Bulk samples of typical soil types were also 
obtained. 

Standard Penetration Testing (SPT) was also performed in accordance with the ASTM 
Standard D 1586 test method at 10-foot intervals beginning at 20 feet bgs in boring BH-
01 using a standard (1.4 inches inside diameter and 2.0 inches outside diameter) split
barrel sampler. The mechanically driven hammer for the SPT sampler was 140 pounds, 
falling 30 inches for each blow. The recorded blow counts for every 6 inches for a total 
of 1.5 feet of sampler penetration are shown on the Logs of Borings. 

The exact depths at which material changes occur cannot always be established 
accurately. Unless a more precise depth can be established by other means, changes in 
material conditions that occur between drive samples are indicated on the logs at the top 
of the next drive sample. 

Converse Consultants 
M\JOBFILE\2020\81\20-81-256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81-256GIR(02)pumpst 



Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page A-2 

Following the completion of logging and sampling, the borings (BH-01 and BH-03) were 
backfilled with soil cuttings and compacted by pushing down with an auger using drill rig 
weight. Since BH-02 was on an asphalt concrete surface, so the surface was patched 
with cold asphalt concrete. If construction is delayed, the surface of the borings may settle 
over time. We recommend the owner monitor the boring locations and backfill any 
depressions that might occur or provide protection around the boring locations to prevent 
trip and fall injuries from occurring near the area of any potential settlement. 

For a key to soil symbols and terminology used in the boring logs, refer to Drawing No. A-
1 a and A-1 b, Unified Soil Classification and Key to Boring Log Symbols. For logs of borings, 
see Drawing Nos. A-2 through A-4 Logs of Borings. 
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CONSISTENCY OF COHESIVE SOILS 
Unconfined Compressive SP'f Blow Pocket CA 

Descriptor Strength (tsf) Counts 
Penetrometer Sampler Torvane (tsf) Field Approximation (tsf) 

Very Soft <0.25 <2 <0.25 <3 <0.12 Easily penetrated several inches by fist 

Soft 0.25 - 0.50 2 - 4 0.25 - 0.50 3 - 6 0.12 - 0.25 Easily penetrated several inches by thumb 

Medium Stiff 0.50 - 1.0 5 - 8 0.50 - 1.0 7 - 12 0.25 - 0.50 Can be penetrated several inches by thumb 
v.ith moderate effort 

Stiff 1.0 - 2.0 9 - 15 1.0 - 2.0 13 - 25 0.50 - 1.0 Readily indented by thumb but penetrated 
only v.ith great effort 

Very Stiff 2.0 - 4.0 16 - 30 2.0 - 4.0 26 - 50 1.0 - 2.0 Readily indented by thumbnail 

Hard >4.0 >30 >4.0 >50 >2.0 Indented by thumbnail with difficulty 

APPARENT DENSITY OF COHESIONLESS SOILS MOISTURE 
Descriptor SPT N6cr Value (blows I foot) CA Sampler Descriptor Criteria 

Very Loose <4 <5 Dry Absence of moisture, dusty, dry to the touch 

Loose 4- 10 5 - 12 Moist Damp but no visible water 

Medium Dense 11 - 30 13 - 35 Wet Visible free water, usually soil is below 
water table 

Dense 31 - 50 36 - 60 

Very Dense >50 >60 

PERCENT OF PROPORTION OF SOILS SOIL PARTICLE SIZE 
Descriptor 

Trace (fine)/ 
Scattered (coarse) 

Few 

Little 

Some 

Mostly 

Descriptor 

Nonplastic 

Low 

Medium 

High 

Descriptor 

Weak 

Moderate 

Strong 

Cri teria Descriptor Size 

Particles are present but estimated Boulder > 12 inches 
to be less than 5% 

Cobble 3 to 12 inches 
5 to 10% 

15to25% 
Gravel Coarse 3/4 inch to 3 inches 

Fine No. 4 Sieve to 3/4 inch 

Coarse No. 10 Sieve to No. 4 Sieve 
30 to45% Sand Medium No. 40 Sieve to No. 10 Sieve 

Fine No. 200 Sieve to No. No. 40 Sieve 
50 to 100% 

Silt and Clay Passing No. 200 Sieve 

PLASTICITY OF FINE-GRAINED SOILS 
Criteria 

A 1/8-inch thread cannot be rolled at any water content. 

The thread can barely be rolled, and the lump cannot be formed when drier than the plastic limit. 

The thread is easy to roll, and not much time is required to reach the plastic limit; it cannot be rerolled after 
reaching the plastic limit. The lump crumbles when drier than the plastic limit. 

It takes considerable time rolling and kneading to reach the plastic limit. The thread can be rerolled several times 
after reaching the plastic limit. The lump can be formed without crumbling when drier than the plastic limit. 

CEMENTATION/ lnduration 
Criteria 

Crumbles or breaks with handling or 
little finger pressure. 

Crumbles or breaks with considerable 
finger pressure. 

Will not crumble or break with finger 
pressure. 

NOTE: T his legend sheet p rov id es descriptions and 
a ssociated criteria fo r required soil d escription components 
only. Re fer to Ca ltrans Soil and Rock Logging , C lassifica tion, 
and Presentation M anual (20 10), Section 2 , for tab les of 
add itional so il description components and d iscussion of soil 
d escription and id entification. 
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Log of Boring No. BH-01 
Dates Dri lled: -------------12/28/2021 Logged by: Catherine Nelson Checked By: Hashmi S. Quazi, 

Equipment: ___ 8_" _H_O_L_L_O_W_ S_T_E_M_A_U_G_ E_R Driving Weight and Drop: 140 lbs / 30 in 

Ground Surface Elevation (ft)_: __ 19_3_3 __ _ Depth to Water (ft, bgs)· NOT ENCOUNTERED 
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SUMMARY OF SUBSURFACE CONDITIONS 
This log is part of the report prepared by Converse for this project 
and should be read together with the report. This summary applies 
only at the location of the Boring and at the time of drilling. 
Subsurface condi tions may differ at other locations and may change 
at this location with the passage of time. The data presented is a 
simplification of actual conditions encountered. 

VERY OLD ALLUVIAL FAN DEPOSITS 
SIL TY SAND (SM): fine to coarse-grained, few gravel 

up to 0.5 inch in maximum dimensions, dense, moist, 
orangish brown. 

- increased coarse content, light grayish brown 

- medium dense 

---------------------------------
SAND WITH SILT (SP-SM): fine to coarse-grained, 

dense, moist, grayish brown. 

- increased coarse content, scattered gravel up to 0.5 
inch in maximum dimension, very dense 

SIL TY SAND (SM): fine to coarse-grained, slightly 
indurated, very dense, moist, orangish brown. 

- trace clay, increased fines content 
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Log of Boring No. BH-01 
Dates Dri lled: ------------12/28/2021 Logged by: Catherine Nelson Checked By: Hashmi S. Quazi, 

Equipment: ___ 8_" _H_O_L_L_O_W_ S_T_E_M_A_U_G_ E_R Driving Weight and Drop: 140 lbs / 30 in 

Ground Surface Elevation (ft)_: __ 19_3_3 __ _ Depth to Water (ft, bgs)· NOT ENCOUNTERED 

.c 
a. 
(I) 

0 

- 40 

- 45 

- 50 

-~ .c 
a. 
IU Cl 
.... 0 
C) ....J 

SUMMARY OF SUBSURFACE CONDITIONS 
This log is part of the report prepared by Converse for this project 
and should be read together with the report. This summary applies 
only at the location of the Boring and at the time of drilling. 
Subsurface condi tions may differ at other locations and may change 
at this location with the passage of time. The data presented is a 
simplification of actual conditions encountered. 

VERY OLD ALLUVIAL FAN DEPOSITS 
SIL TY SAND (SM): fine to coarse-grained, few gravel 

up to 2 inches maxium dimension, slightly indurated, 
very dense, moist , orangish brown. 

- dense 

End of boring at 51.5 feet bgs. 
No groundwater was encountered. 
Borehole backfi lled with soil cuttings and compacted by 
push ing down with an auger using the drill rig weight on 
12/28/2021 . 
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Log of Boring No. BH-02 
Dates Dri lled: ------------12/28/2021 Logged by: Catherine Nelson Checked By: Hashmi S. Quazi, 

Equipment: ___ 8_" _H_O_L_L_O_W_ S_T_E_M_A_U_G_ E_R Driving Weight and Drop: 140 lbs / 30 in 

Ground Surface Elevation (ft)_: __ 19_5_2 __ _ Depth to Water (ft, bgs)· NOT ENCOUNTERED 
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SUMMARY OF SUBSURFACE CONDITIONS 
This log is part of the report prepared by Converse for this project 
and should be read together with the report. This summary applies 
only at the location of the Boring and at the time of drilling. 
Subsurface condi tions may differ at other locations and may change 
at this location with the passage of time. The data presented is a 
simplification of actual conditions encountered. 

3.5" ASPHALT CONCRETE/ 20" AGGREGATE BASE 

VERY OLD ALLUVIAL FAN DEPOSITS 
SIL TY SAND (SM): fine to coarse-grained, few gravel 

up to 0.5 inches in maximum dimension, medium 
dense, moist, reddish-brown. 

- rootlets, trace clay 

- trace caliche, very dense, moist, light orang ish brown 

- dark orangish brown 

- reddish brown 

End of boring at 15.5 feet bgs. 
No groundwater was encountered. 
Borehole backfi lled with soil cuttings and compacted by 
push ing down with an auger using the drill rig weight and 
suface patched with cold asphalt concrete on 
12/28/2021 . 
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Log of Boring No. BH-03 
Dates Dri lled: ------------12/28/2021 Logged by: Catherine Nelson Checked By: Hashmi S. Quazi, 

Equipment: ___ 8_" _H_O_L_L_O_W_ S_T_E_M_A_U_G_ E_R Driving Weight and Drop: 140 lbs / 30 in 

Ground Surface Elevation (ft)_: __ 19_4_6 __ _ Depth to Water (ft, bgs)· NOT ENCOUNTERED 
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SUMMARY OF SUBSURFACE CONDITIONS 
This log is part of the report prepared by Converse for this project 
and should be read together with the report. This summary applies 
only at the location of the Boring and at the time of drilling. 
Subsurface condi tions may differ at other locations and may change 
at this location with the passage of time. The data presented is a 
simplification of actual conditions encountered. 

VERY OLD ALLUVIAL FAN DEPOSITS 
SIL TY SAND (SM): fine to coarse-grained, trace clay, 

very dense, moist , reddish-brown. 

- increased coarse content 

- orangish brown 

- severely desiccated, pinhole porosity 

- increased fines content, light grayish brown 

End of boring at 21.3 feet bgs. 
No groundwater was encountered. 
Borehole backfi lled with soil cuttings and compacted by 
push ing down with an auger using the drill rig weight on 
12/28/2021 . 
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APPENDIX B 

LABO RA TORY TESTING PROGRAM 

Tests were conducted in our laboratory on representative soil samples for the purpose of 
classification and evaluation of their physical properties and engineering characteristics. 
The amount and selection of tests were based on the geotechnical parameters required 
for this project. Test results are presented herein and on the Logs of Borings, in Appendix 
A, Field Exploration. The following is a summary of the various laboratory tests conducted 
for this project. 

In-Situ Moisture Content and Dry Density 
In-situ dry density and moisture content tests were performed on relatively undisturbed ring 
samples, in accordance with ASTM Standard 02216 and 02937 to aid soils classification 
and to provide qualitative information on strength and compressibility characteristics of the 
site soils. For test results, see the Logs of Borings in Appendix A, Field Exploration. 

Soil Corrosivity 
One representative soil sample was tested to determine minimum electrical resistivity, 
pH, and chemical content, including soluble sulfate and chloride concentrations. The 
purpose of these tests was to determine the corrosion potential of site soils when placed 
in contact with common construction materials. The tests were performed by AP 
Engineering and Testing , Inc. (Pomona, CA) in accordance with Caltrans Test Methods 
643, 422 and 417. Test results are presented in the following table. 

of Soil Corrosivity Test Results 

Collapse 
To evaluate the moisture sensitivity (collapse/swell potential) of the encountered soils, 
three collapse tests were performed in accordance with the ASTM Standard 04546 
laboratory procedure. The samples were loaded to approximately 2 kips per square foot 
(ksf), allowed to stabilize under load, and then submerged. The tests results are 
presented in the following table. 
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T bl N B 2 C II • 
Boring I Depth (ft) I No. 

BH-01 2.5-4.0 

BH-02 2.5-4.0 

BH-03 5.0-6.0 

Grain-Size Analysis 

T t R 

Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page B-2 

It 

Soil Classification 
I 

Percent Swell(+) I Collapse 
Percent Collapse(-) Potential 

Silty Sand (SM) -1.6 Slight 
Silty Sand (SM) -1.9 Slight 
Silty Sand (SM) -0.3 Slight 

To assist in classification of soils, mechanical grain-size analyses were performed on 
three select samples in accordance with the ASTM Standard 06913 test method. Grain
size curves are shown in Drawing No. 8-1, Grain Size Distribution Results and results are 
presented in the below table. 

Table No. 8-3, Grain Size Distribution Test Results 

Boring No. I Depth (ft) I Soil Classification I % Gravel I % Sand I %Silt I %Clay 

BH-01 0-5 Silty Sand (SM) 5.0 64.0 31.0 

BH-01 5-10 Silty Sand (SM) 8.0 78.0 14.0 

BH-02 2-5 Silty Sand (SM) 10.0 75.0 15.0 

Maximum Dry Density and Optimum Moisture Content 
One laboratory maximum dry density-optimum moisture content relationship test was 
performed on a representative bulk sample. The test was conducted in accordance with 
the ASTM Standard 01557 test method. The test results are presented in Drawing No. 
8-2, Moisture-Density Relationship Results, and are summarized in the following table. 

BH-01 0-5 

Direct Shear 

Silty Sand (SM), 0rangish 
Brown 

7.5 133.0 

One direct shear test was performed on relatively undisturbed representative ring 
samples under soaked moisture condition in accordance with the ASTM 03080 
procedure. For the test, three samples contained in brass sampler rings were placed, one 
at a time, directly into the test apparatus and subjected to a range of normal loads 
appropriate for the anticipated conditions. The samples were then sheared at a constant 
strain rate of 0.02 inch/minute. Shear deformation was recorded until a maximum of about 
0.25-inch shear displacement was achieved . Ultimate strength was selected from the 
shear-stress deformation data and plotted to determine the shear strength parameters. 

~ Converse Consultants 
~ MIJOBFILE\2020\81\20-81 -256 Gannett Fleming, Steeplechase & Kalmia BPS Replacement\Report\20-81 -256GIR(02)pumpst 



Geotechnical Investigation Report 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement 

City of Moreno Valley, Riverside County, California 
March 2, 2022 

Page B-3 

For test data, including sample density and moisture content, see Drawing No. B-3, Direct 
Shear Test Results, and the following table. 

Consolidation Test 
One consolidation test was conducted in accordance with ASTM Standard 02435 method. 
Data obtained from this test performed on one relatively undisturbed ring sample was used 
to evaluate the settlement characteristics of the on-site soils under load. Preparation for this 
test involved trimming the sample, placing it in a 1-inch-high brass ring, and loading it into 
the test apparatus, which contained porous stones to accommodate drainage during testing. 
Normal axial loads were applied to one end of the sample through the porous stones, and 
the resulting deflections were recorded at various time periods. The load was increased 
after the sample reached a reasonable state of equilibrium. Normal loads were applied at a 
constant load-increment ratio, successive loads being generally twice the preceding load. 
For test result, including sample density and moisture content, see Drawing No. B-4, 
Consolidation Test Results. 

Sample Storage 
Soil samples presently stored in our laboratory will be discarded 30 days after the date of 
this report, unless this office receives a specific request to retain the samples for a longer 
period. 

Converse Consultants 
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GRAIN SIZE IN MILLIMETERS 

COBBLES 
GRAVEL SAND 

SILT OR CLAY 
coarse I fine coarse I medium I fine 

Boring No. Depth (ft) Description LL PL Pl Cc Cu 

BH-01 0-5 SIL TY SAND (SM) 

BH-01 5-10 SIL TY SAND (SM) 

BH-02 2-5 SIL TY SAND (SM) 

Boring No. Depth (ft) D100 D60 D30 D10 %Gravel %Sand %Silt I %Clay 

BH-01 0-5 19 0.497 5.0 64.0 31.0 

BH-01 5-10 25.4 1.03 0.237 8.0 78.0 14.0 

BH-02 2-5 25.4 0.979 0.25 10.0 75.0 15.0 

GRAIN SIZE DISTRIBUTION RESULTS 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement Project No. Drawing No. 

Converse Consultants 25555 KalmiaAvenue . . . . 20-81-256-02 
City of Moreno Valley, R1vers1de County, California 

B-1 

For Gannett Fleming, Inc. 
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WATER CONTENT, % 

ASTM OPTIMUM MAXIMUM DRY 
SYMBOL BORING NO. DEPTH (ft) DESCRIPTION TEST METHOD WATER,% DENSITY, pcf 

• BH-01 0-5 SIL TY SANO (SM), Orangish Brown 0 1557 -A 7.5 133.0 

MOISTURE-DENSITY RELATIONSHIP RESULTS 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement Project No. 

Converse Consultants 25565 Kalmia Avenue . . . . 20-81-256-02 
City of Moreno Valley, RIvers1de County, California 

Drawing No. 
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For: Gannett Fleming, Inc. 
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SURCHARGE PRESSURE, psf 

BORING NO. BH-01 DEPTH (ft) 5.0-6.5 

DESCRIPTION SIL TY SAND (SM) 

COHESION (psf) 10 FRICTION ANGLE (degrees): 34 

MOISTURE CONTENT (%) 3.1 DRY DENSITY (pcf) 112.7 

NOTE Ultimate Strength. 

DIRECT SHEAR TEST RESULTS 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement Project No. 

C C It t 25565 KalmiaAvenue 20-81-256-02 
0 n Verse On$ U an $ City of Moreno Valley, Riverside County, California 

Drawing No. 
B-3 

For Gannett Fleming, Inc. 
Proiect ID: 20-81-256-02.GPJ: Temolate: DIRECT SHEAR 
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CONSOLIDATION TEST RESULTS 
Steeplechase and Kalmia Booster Pump Station (BPS) Replacement Project No. Drawing No. 
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Liquefaction and Settlement Analysis 
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APPENDIXC 

LIQUEFACTION AND SETTLEMENT ANALYSIS 

The subsurface data obtained from the boring BH-01 was used to evaluate the 
liquefaction potential and associated dry seismic settlement when subjected to ground 
shaking during earthquakes. 

A simplified liquefaction hazard analysis was performed using the program SPTLIQ 
(lnfraGEO Software, 2021) using the liquefaction triggering analysis method by Boulanger 
and Idriss (2014 ). A modal earthquake magnitude of M 8.1 was selected based on the 
results of seismic deaggregation analysis using the USGS interactive online tool 
(https://earthquake.usgs.gov/hazards/interactive/). 

A peak ground acceleration (PGAM) of 0.942g for the MCE design event, where g is the 
acceleration due to gravity, was selected for this analysis. The PGA was based on the 2019 
CBC seismic design parameters presented in Section 8.2, CBC Seismic design Parameters. 

The result of our analysis is presented on Plates No. C-1 through C-3 and summarized in 
the following table. 

Table C-1 , Estimated Dynamic Settlements 

L f I Groundwater I Groundwater I Dry Seismic 

I 

Liquefaction 
Induced Settlement oca ion Conditions Depth (feet bgs) Settlement (inches) (inches) 

Current 
BH-01 

Historical 
> 51.5 negligible negligible 

Based on our analysis, the potential for liquefaction induced settlement and dry seismic 
settlement for the site is negligible. 
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SIMPLIFIED LIQUEFACTION HAZARDS ASSESSMENT USING STANDARD PENETRATION TEST (SPT) DATA 
(Copyright © 2015, 2020, SPTLIQ, All Rights Res en·ed; By: lnfraGEO Software) 

PROJECT INFORMATION 
Project Name Steeplechase and Kabnia Booster Pump Station (BPS) Replacement 

Project No. 20-81-256-02 

Project Location City ofl\foreno ,·alley, Rinrside County, California 

Analyzed By Syfur Rahman 
Reviewed By :\Id Zahangir Alam 

SELECTED :\1ETHODS OF ANALYSIS 
Analysis Description Liquefaction 

Triggering of Liquefaction Boulanger-Idriss (2014) 

Sewrity of Liquefaction LPI: Liquefaction Potential Index based on Iwasaki et al. (1978) 

Seismic Compression Settlement (Dry/Unsaturated Soil) Pradel (1998) 

Liquefaction-Induced Settlement (Saturated Soil) Ishihara and Yoshimine (1992) 
Liquefaction-Induced Lateral Spreading Zhang et al. (2004) 

Residual Shear Strength of Liquefied Soil Idriss and Boulanger (2008) 

SEISMIC DESIGN PARAMETERS 
Earthquake !\foment Magnitude, :\I., 8.10 
Peak Ground Acceleration, A,,,.. 0.94 g 
Factor of Safety Against Liquefaction, FS 1.30 

BORING DAT A AND SITE CONDITIONS 
Boring No. BH--01 
Ground Surface Elevation 1,937.00 feet 
Proposed Grade Elevation 1,937.00 feet 
GWL Depth Measured During Test 51.50 feet 
GWL Depth Used in Design 51.50 feet 

Borehole Diameter 8.00 inches 
Hammer Weight 140.00 pounds 

Hammer Drop 30.00 inches 
Hammer Energy Efficiency Ratio, ER (%) 80.00 % 

Hammer Distance to Ground Surface 5.00 feet 

To)!Qgra11hic Site Condition: TSCl (Le\·el Ground with No Nearby Free Face) 
- Ground Slope, S (%) « = Leave this blank 
- Free Face Distance to Slope Height Ratio, (LIB) <<= Leave this blank Set H to zero =>> 50.00 feet 

INPUT SOIL PROFILE DAT A 
Depth to Depth to Material Type Liquefaction Total Soil Type of Field Fines 
Top of Bottom of Screening Unit Weight Soil Blow Count Omtent 

Soil Layer Soil Layer 'Yt Sampler 1'field FC 

(feet) (feet) t:SCS Group Symbol Susceptible Soil? 
(pcf) (blows/ft) (%) (ASTl\I D2487) (Y, 1\? 

0.00 5.00 S~I y llS.4 ~!Cal 60.00 31.00 
5.00 10.00 S~I y ll4.8 ~!Cal 36.00 14.00 
10.00 15.00 S~I y ll6.3 ~!Cal 52.00 14.00 
15.00 20.00 S~I y ll3.0 ~!Cal 63.00 14.00 

20.00 25.00 S~I y ll3.0 SPTl 30.00 14.00 

25.00 30.00 S~I y ll7.3 ~!Cal 50.00 14.00 
30.00 35.00 S~I y ll7.3 SPTl 56.00 14.00 
35.00 40.00 S~I y ll9.9 ~!Cal 77.00 14.00 

40.00 45.00 S~I y ll9.9 SPTl 80.00 14.00 

45.00 50.00 S~I y ll9.8 ~!Cal 50.00 14.00 



SIMPLIU'IED LIQUEl?ACTION HAZARDS ASSESSMENT USING STANDARD PENETRATION TEST (SPT) DATA 
(Ct-,wri;:l1t oll2(115, 2~. ~;l'l'I.IQ -~ lli}l1ts Kl•nol; ~ •: hifr:1Gl!H ~:..-,ftu:n) 

'RO.H!CI' INl'ORl\111:1'1 ON 

20-8 1-2.56-02 

i\mtyicdtty 

~Ul\1111Altv ()111m~u1;1'~ 

~everitynl' l ,ii1•Gll)tin■ : 

'l'ol:1 I 'lh i; k1-.; ss of Lic1u.:ifi11b It Soi k 

l,i:1uefocl.ion Pol.llnl.i11.I hldt:t(l,PI): 

IU~MIC l)l(~IGN PAJtAPtflt'l'IUt~ S; t.mi: Con1)1'u~ ion S;n.km.:inl.: 

_H,_.-_d•.c.•"-"'-·•_•_••_•11•_0_• _•_1,.c..,,_.,_,._••-• _•t.'----+----8._10 _____________ ---ll l,i:1uefocl.ion-h1ductd SJU.km.:int 
l\;ll. Gn.dulAuclt.r.1th·,H,;\,.,. 0.9•1 g I 'l'ol;d S; t,mi; StUfomtnl.: 
-.,;-... -... - .-.,.-:,-.,-,y-,\j:- .-, .. -.-, -... -.... - .-:,-.. -•. ,-,,-,,-~; ----<>----,.-30 ________________ 1 

~eirnC l i.,tt, r.JDimh:f'oW:■tl : 

<OIUNG 1)1'1' II /IND ~l'l'I! CONl)l'l'ION~ Cycli; Ud.llrn.l Dis1>l1c.:imtnl.: 

BM-0 1 U1h: ml Spnmding Displ1c.:imtnl.: 

I 931DO foul. 

1931DO foul. N<Yl'I!~ /\NI) IU!l'l!IU!NO!~ 

OJ)O fttl. (,aunul1l:rtt 101.:1.l lhkkntss in lht ll)l)t r 65 fttl.) 

OJ)O - (Vury k,, risk.~•ilhno i;rnf:1ct mai1fes1.:11.0nor li:1uefocl.ion) 

Prndtl(IW8) 

bhilllll11 :,n:I Yo:,himhe (1992) 

'l'dthrnd.!ll and Asak:1 ( 1998) 

Zlnng ti.:, I. (3)0•1) 

ODO inches 

ODO inches 

ODO inches 

ODO h1ehes 

ODO h1ehes 

ODO hcl-.;s 

ODO hcl-.;s 

ODO hcl-.;s 

ODO hcl-.;s 

ODO in; hes 

ODO in; hes 

ODO in; hes 

ODO h-.:hes 

ODO h-.:hes 

(D1y/Uns111lmd.ed Soils) 

(S:dmd.ed Soils) 

(Durh1g Ground Shakh"\';,) 

( Ail.er Ground Shak h"\';,) 

8.00 h1ehes 

+ 'lhis mulhod or :,rn,lysis is b:1sud on observed seismic 1>e1fonn111ce or leve I ground slcs using con'u lid.ion ~•ilh nonn1 ltl.ed and fines -con·ecl.ed SP'I' blo~• coua1l.,Oln~ r{(H,).,,11 , FC} ~•here (H,~111 N,•o.1,, C11 C,:; C11 Ci~ C:i 
+ + I, k1ue fo cl.ion susce l>ljb i I ily screening ti 1>erfonned l.o idenl.il'y soi I l11yers :, s~ ssud lo be non-I ic1uufi11 b ~ b:1 sud on l11born1.01y le sl.l'u su lls us ilg lhe cril.el'l1 1>ro1>osud by Cul.Un, nd Seed (2003) • 

MODO l)OUll(ls Bmy :,nd Sancio (2006),or l(b·iss and Boulrngur (2008). 

30.00 h1ehes 

80.00 'JI, 

"' FS..,, Hictor or S:1rdy :,g:, ilsl. lic1uefoc1.bn (CRRICSR). ~•here CRR CR~ s rv1SF Ko 1'1, . • MSF fvfagnilude SG:,ling M,ctor, ~ fl(N,~111,0:'._.,I , 1'1,. 1.0,(leve I ground), 

CSR (¥c li; SIJ'uSS i-)11.i) 0.65 J\.,,..,(o:v,/G'._.J r,1 , and CRR1.s (¥c lic Resisl.:111ee R:1lfo ti :1 ft111el.ion of (N)\1u:111dcon'uCIJJd forai1 u1111hc1uake 111:1g11ilmle M,of 15. 

5.00 foul. - K);s(lrn, I SIJ'ungth v:,lues of lk1ueffod soils lll'u b:,sud on COll'u l11.bn ~•ilh l)OSl.•em1hc1u:1ke,nonrn, lizud lllld fines•COll'uCIJid SP'I' Mm COlllll.derr,ed by l(h·t(s lllld l:bulangur (2008). 

- B:1sud 011 l~,:,saki ul.:1 I. ( 1918) m1d 'l'o1m1k :,nd Mol;mr (2003) 

0.00 % 

NIA M • 50 feul. 

INl'U'I' mu, 1,u)III I.I! 011:1· 11 l ,IQUl!l'II C l' ION 'l'RIGGl!RING IINAl,\'l.l~ 1111.~l!D ON It W. IIOUI.ANGl!R IINI) I. 111. IDRI~~ 4_21114) Ml!'l'I 101) + 
c1.-ht4l Dq1U.t4l ft.l :lluiill 'l)l•c l.itp:J:-.dc,H 'lt.U ~~.u '1'}'1-.:c,I' llidd 1'1111:s 14ltld r.Dtdh·c ,;,,, ,; 1'1 ,;1•·1 ,; 1'1 

lt,1•«•1' H41Hc,11,c,I' ~; .. tt:1idlllility U1iit ~;(ii ~;1•'l'Hlo"\I' Cc,111011 \'u-t . \'u1. C«,tT. c..-r. Cfff. c..-r. 
ii l,lll)'U' ~;(ii l,ll}'U' ~;u-.:uiilt;: \\tl5:ht ~;;u111• u- C4ltad ~;...._,, ~;...._,, fc,r fc,r fc,r fc,r 

u~;c~; (Dt1iJ,'l1) (Duit,'11) Vm. 111• ,u"U' 1k,rd14llc ... , 
(¥41"• ~,'yl,dt4ll ~;-•q•fia,c r,. 

~;...._,, io,,r,:y ~;be l.n,1,111 

(M;'l'ft.l D2ffi) ~;c,l 't(\'IN) N,..,,1 l'C cr_v cr'..ii c. C,: c,, CR 
(ltd) (ltd) (11d) (11, ..... ) (%1 ~•,t) ~•,t) 
ooo 500 SM y 11 536 M0 ,.1 60.00 3 1DO 288.'10 288.'10 l.•101 1333 I.ISO 0.150 

500 10.00 SM y IM .80 M0 ,.1 36.00 MDO 86380 86380 1302 1333 1.1 50 0800 

IODO 15.00 SM y 11628 M0 ,.1 52.00 MDO 1:M 150 1:M 150 ID86 1333 I.ISO 0850 

ISDO 20.00 SM y I 13D2 M0 ,.1 63.00 MDO 2 0M.15 2 0M.15 0.999 1333 1.1 50 0.950 

2000 25.00 SM y I 13DO SP'l'I 30.00 MDO 2.11980 2.11980 0.928 1333 1.1 50 0.950 

2500 30.00 SM y 1113•1 M0 ,.1 50.00 MDO 3 ,155.65 3 ,155.65 0816 1333 I.ISO 0.950 

3000 35.00 SM y 11130 SP'l'I 56.00 MDO 3 1<225 3 1<225 09•M 1333 I.ISO IDOO 

3500 •10.00 SM y 119.89 M0 ,.1 11.00 MDO •I 33523 •I 33523 0.89 1 1333 1.1 50 IDOO 

•IODO •15.00 SM y 119.90 SP'l'I 80.00 MDO •193•1.10 •193•1.10 1.10•1 1333 1.1 50 IDOO 

UDO 50.00 SM y 119.80 M0 ,.1 50.00 MDO 5.133.95 5.133.95 0.1 19 1333 I.ISO IDOO 

~!l'l!IU!NCI!~: 
I. Boulo1gcr, R .W .m1d l(h·tis., 1.M .(20 M). "C PT m-.:1 SPT B11~d Liq.1cfllctbn Tr~ crilg Pro(cdm::s," Unh1-sty cf C11lfomi1 [).1f is., Ccnlcr ro· Gcl"ttchni(III Mo(~ Iii~ lw1x,11, r-1, . UC l:\'CGM, 1<1101 , I, I 
!. Bni Y, J. D., m1d Sm1do. R .B. (2006 ). "l\.~cs~11 cit ofU-.. lic1lt:fllc lki1 Slt>(tl)ljb iUy offilt;,1?.111 ilt:d soils.," Jouan, I of Gcoluc h l i:11 h11-.:I Gcocnr i·o1111 cnl:1 I Entiit:c rill?. I\S CE 132 (9). 1165. I I 

,;1•·1 Cc,nutol N..-11,ll:.:ol 
Cfff. ~;l'l' llw ~;l"l' Hlou 
fc,r Ctw,t C4lw•t 

~;;u,, 1lu1,: 
ft.ldl141,I 

c, I'\;, (N,),;, 

0650 •M.9 628 

0650 28.1 31.'I 

0.650 •M. I •11.9 

0.650 !f).1 596 

1.000 43.1 •105 

0.650 •11.3 •11 5 

1.000 85.9 8 10 

0.650 16.1 68.'I 

1.000 122.1 135.5 

0.650 49.8 358 

I. Cul.ht, K.O.m1d Sued. R .B. d 1:.;nt1rnlfonl.csl,b:1scd 1:1-ob:1bilf\lk m1d dtlcn11 ilf\1.i; 11~cs~11c1t or scf\m ic soil lic1lt:fllclj01 l>Oltnlfa l," h,orn,1 cf Gio1Jich 1i(11I m-.:1 Gcocnv il-01111cnlJ1I l•j11;'jJ1tcril1? .. I\SCE 130( 12). 13 M, 
l. l(h·i~. LM. m-.:1 Boulmgcr, R. • • h1~.lulu (!£RI). Moncg111>h MN(). I 
Ushih:m,. K. m1d Yo:,hhH ilc, f\ i~1:~i1::;· .. t::t':!~.::~\l::;m,:;:1:':1::,·:.~coh::d111i:11 ISc.;foly, 32 (I). 113. 
). l\-..11s1iki. T.,d 111.( 1918). "t\ 1 .bn:11 Cmforcn(c d. Mi;n:wrn,Um. Sm1 Fno1d~o.885 
I . 0 lso1 t, S .M . m1d Jolm;o1t, C .I. (2008)." l\rn ly zilg Lklll: foclfon, hldl.:cd L11l.c111 I S1m:11ds Us i ig Slrcr\?)h Rlllfos.," Jotm1 I of Gcoh::d111 i:11 I m1d Gcc~nf i-011111 cnl:1 I Ej~bt:cril1g, I\S CE 13•1 (8). I 035, I 0 
I. Pn1 (~ I. I). ( 1998). "Pl'O(c(ld'c lo Em lullu Eiu1hc,.mkc, hl(ll(cd StUkm cnl.s il D1y Sml(~ Soi ls," J «HU:1 I cf Glokduli(II I l•j1gilccril~ I\'\ C E 12•1 (•I), 1)1). 361,3• 
) . Ste (l R .B. m1d Hll'l:~r. L .F. ( 1990). "S PT-b1 ~::d m1:1 1•1-s t( or cvd i; IXll'c ll'cSSll'c i.,:ncnil.On m1d lll(h11 hcd ms (Im, I ~J'cnt;iJt, P1-o(ccd ill?:; Or Sued Mcm ori:, I Sym 1:osil1111 , Vm1cotir er, B .C .• 35 1,3 
10. Tol:i11111su, K.m1d Stc(l H B.( 1981). .. Ernl1:11.bn d. ~ H.~m cit.,; il sm1(ls dll: lo c1111hc,.1al:c sh1l:h~ " Journ1I or Gcd.cduli(lll Ej~bt:crh1g, I\SCE 11 3 (GT8). 95 1,81 
I I. Tol: i11111su, K.m1d l\.._,'1<11. V. ( 19/8). "l'.lfocl.s cf liq.1cfllcl.io1, ildl.:cdgi-omd dt:1>l.1(cmc1t.'¥.lll 1>ilc 1>c1fon11m1(c ill d1c 1995 M'fOj?.d<cn, N:1111b.1 Em1J-.:1uai:)l ," Soils m-.:1 Foua-.:l,1l.b1"t>, S1:.;d1I ls~lc, J,11:co1 Gcoh::d111i:11I Soc fol'/ , 163, 
12. Tonkil1 & Tuybr (20 13). .. Liq.1cfllcl.bn Vuh1;111biUy SILi(~/." lw1x,11, pnmmud fa· d1c FJ111J-.:1uai:)l Co111111 i~bn (EQC). Fcb1t1my, T&T lw1>011. t-6).520.3)D3) 
13. To1m1k,S. m1d l·btt.cr, T .L. (3)03). "Lic1t.::foc1j01 Pol.c1H1 I h-.:1.;<: F~ld l\,;sc~mcnl." Jouarnl of Gcoh::ch 1i:11 hu-.:1 Gcocnr i·o11cnlJ1I l·hgilccril~ I\SCE 129 (•I). 3 15-3 
14. You(l T .L. l(h·i~. 1.M. d 111.(2001). .. Lic,.1cflic1.0n rnst:1:11-.:c cf ~ils: ~1111111my 1-c1>011. i'm11 u-.. 19% NCEER m1d 1998 NCEERINSF \1A:,1b,ho1:t." ,Jl"tH11:1I cf Gict.:duli(11l m1d Giocnv h-01111c1tlll l•j11?:hccrill? .. MC E 121 ( 10). 811,8 

t'• •cs 
C...-utol 
~;l"l' Hlou 

C4lw•t 

(N,),;,. 

682 

•103 

508 

625 

•13.'I 

•M.'I 

839 

1 13 

138.'I 

38.1 

15 . .i:'h:mg, G. Rd)Cl1$.II\, P .K. m1d B nidllH ld\, R. \1J. 1.(2001 ). .. E.,;lim 111.ilg li(lll:flic 1jo1, il-.:ll.: cd l1l.c111 I d t-1)l.1(cm cit usil-ig dlc s1;01d,Hd 1:.; lt:lrnl.bn h::sl. a · COit; 1:.;nulrnlfon IUSI." JOUllll I or Gcoluc h l i:11 1111-.:I Gcocrir i"OllH cnl:1 I 11-l~Jl crilg. I\S CE I )) (8). 95 I •> 

;;,,(\ ... u,nuuc,1, t'ydo fydo 
~;...._,, fc,rllijl, ~; ...... Kt1ilt:• 1«c 

Kolt1cd .. , H"\ffltll'llu, K:•00 K:llio 
C4ldlidu,t ~;en• 

r,, K. CSII Cllll 

IDOO 1.100 0.6 12 

0995 1.100 0609 

0986 IJ)98 0.60•1 

0.916 0.998 0598 

0.965 0.92•1 059 1 

0952 0863 0583 

0939 0.8 12 0515 

0.925 0.168 0566 

0.909 0.129 0551 

0.89•1 0695 05•11 

I r:.ctc,rc,1 l,i111di•dc,11 
:;,, uy ,'\l,:"•Jis 

Kt1ttls 

, .. s, •. 

Utmlm11JidSoil 

Utmlm11JidSoil 

Utmll1111.udSoil 

Utmll1111.udSoil 

Utmll1111JidSoil 

Utmll1111JidSoil 

Utmll1111.udSoil 

Utmll1111.udSoil 

Utmll1111JidSoil 

Utmll1111JidSoil 

Kt1ilt11d ~;ri,111i( Cw,ul•drn 
~;l,t;tr l'«•n"U:llff' ~;dl11Uf 

~;b'u,~• l'n.Htllll ~;..a1n .. u,t 
K:lli4l 

s, r., 

~•,t) (%) (u,d,cs) 

ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 
ooo 

Cw111tl•dn: Cw111tl•dn: 
(.'ydif l,:llmll 

l,:llmll ~;11n~•1lil,,: 
Oit111Hf11 .. f111t Oit111Hf11 .. f111f 

(i11cl1t1) (i11cl1t1) 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 

0.00 0.00 



SIMPLIFIED LIQUEFACTION HAZARDS ASSESSMENT USING STANDARD PENETRATION TEST (SPT) DATA 
(Co ri!(ht© 2015, 2020, SPTLIQ, All Ri!(hb Rcmvcd; 13 : lnfraGEO Soflware) 
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PROJECT INFORMATION 
Pro,jcct Name Steeplechase and Kalmia Booster Pump Stati on (BPS) Replacement 

Pro.i cct No. 20-8 1-256-02 

Pro.i cct Lo,·ation Ci Ly o f Moreno Vall ey, Riv erside Co unly, Cali fo rni a 

Analyzed By Syfur Rahman 

Reviewed By Md Zahangir Alam 

TOPOGRAPI IIC CONDITIONS 
Ground Slope, S 0.00 % 

Free Face (L/11) Ratio N/A 11 = 50.00 feet 

GROUNDWATER DATA 
CW L Depth Mc.u ured During Te•t 51.50 feet 

CWL Depth U•cd in Dc.ign 

SPT N-valucs and Fines Content 
N<A,, (N1)oou ; FC ('¼,) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

25 50 75 100 125 

X 0 I:,,. 

0 I:,,. 

0 

IX> -, 
6> 

t:,,.O 

- I::. 0 

---r-------- OWi 

o Sl' l'N611 

ASl' l'(NIY,11,s 

><l' C (%) 

51.50 feet 

CSR = Cyclic Stress Ratio; 
CRR = Cyctic Res is lance Ratio 

0.00 0 .25 0.50 0.75 1.00 
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( 
--CSR 0,n:ol) 

-<>-CIIR Otuistu1t,) 

0.00 
0 
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Liquefaction Triggering: 

Analy•i• !Vfothod• U•cd ==>> Boulanger-Idriss (20 14) 

Factor of Safety, FS 

0.50 1.00 1.50 

I 

--R,q,ur,d I'S 

--o-Computtd li'S I 

WO 

BORING DATA 
Boring No. 

Ground Surface Elevation 

P ropo•cd C rade Elevation 

Borehole Diam etcr 

ll ammer Weight 

ll ammcr Drop 

ll ammer Energy Elliciency Ratio, ER 

I I lammer Di#tance to Ground Surface 

I 

SEISMIC DESIGN PARAMETERS 
Earthquake Moment Magnitude, M., 

I P c-:lk C round !\ccclcration, J\11110 : 

I Factor of Safety Agahut Liquefaction , FS 

Seismic SctUcmcnt Qn.) 

0 .00 0. 20 0 .40 0.60 0.80 I .00 

Cyclic Lateral Disp. Qn.) 

0.20 0.40 0 .60 030 
0 

5 1 I 
) 10 1>-

Bll -0 1 

1,937 .00 feet 

1,937 .00 feet 

8.00 inches 

140.00 pounds 

30.00 inches 

80.00 % 

5.00 feet 

8. 10 

0.94 g 

1.30 

i.oo 0.00 
0 

5 

10 ) 

Lateral Spreading (in.) 

0.50 

I 15 15 )-

) 20 

, 25 , -

) 30 I 

, 40 ,,_ 

I 45 

50 ' 

60 

70 

75 

Sc i~mic Settleme nts: 

Ab ove OWi, : Pradel ( 1998) 
13 elow OWL: Ishihara and Yoshi mine ( 1992) 

Cyc lie Lateral Displaccmc nbi : 

Above OWL: Pradel ( 1998) 

20 
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60 
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) 

) 

) 

) 

Below OWL: Tokimatsu and Asaka ( 1998) 

Lateral Spreading: 

Zhang et al. (2004) 

I .00 
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