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Project No. 10270.003 

Richland Communities, Inc. 
3161 Michelson Drive, Suite 425 
Irvine, California  92612 

Attention: Mr. Brian Hardy 
Vice President- Land Entitlement 

Subject: Grading Plan Review, Proposed Rio Vista Development, West of 20th Street, 
South of the County Line, City of Jurupa Valley, California 

In response to your request and authorization, Leighton and Associates, Inc. (Leighton) 
has conducted a geotechnical grading plan review for the proposed mixed-use 
development to be located west of the western terminus of 20th Street and south of the 
Riverside-San Bernardino County line in the City of Jurupa Valley.  The purpose of this 
study has been to review the general geotechnical conditions of the site based on 
previous reporting with respect to the proposed development and to provide preliminary 
geotechnical recommendations for design and construction.   

Based on this grading plan review and our previously conducted investigation (Leighton, 
2015), construction of the proposed development is feasible from a geotechnical 
standpoint.  The most significant geotechnical issues at the site are those related to the 
potential for strong seismic shaking, hard bedrock, potentially compressible soils, 
potential for rock fall, and infeasible infiltration characteristics of planned basin locations 
where bedrock is either present at the surface or is relatively shallow.  Good planning 
and design of the project can limit the impact of these constraints.  This report presents 
our preliminary findings, conclusions, and geotechnical recommendations for the 
project. 
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We appreciate the opportunity to work with you on the development of this project.  If 
you have any questions regarding this report, please call us at your convenience. 

Respectfully submitted, 

LEIGHTON AND ASSOCIATES, INC. 

Steven G. Okubo, CEG 2706 
Senior Project Geologist 
Ext. 8773, sokubo@leightongroup.com 

Jason D. Hertzberg, GE 2711 
Principal Engineer 
Ext. 8772, jhertzberg@leightongroup.com 

JAT/JDH/SGO/rsm 

Distribution: (2) Addressee 
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1.0  INTRODUCTION 
 
1.1 Site Location and Description 
 

The Rio Vista development property is irregularly shaped and consists of 
approximately 820 acres of undeveloped land within the Jurupa Hills west of the 
western terminus of 20th Street and south of the Riverside-San Bernardino 
County line in the City of Jurupa Valley, California.  The property is generally 
bounded on the west by residential development and the Riverside-San 
Bernardino County line is present on the north.  State Route 60 freeway, 
residential development and undeveloped property is present to the south.  A 
concrete plant, storage yards and industrial buildings are present to the east with 
undeveloped property to the southeast and residential development to the 
northeast (see Site Location Map, Figure 1).  
 
The majority of the site is currently vacant and undeveloped.  Overhead electrical 
power transmission lines extend from southwest to northeast through the central 
portion of the property.  Along the northeast boundary of the site, the 
transmission lines turn to the east.  Numerous unimproved dirt roads and trails 
cross the site.  Primary access to the site is gained from the western terminus of 
20th Street.  However, site access can also be attained through the vacant field 
on the northwest side of the property off of Armstrong Road and along the 
several residential streets in the northeast portion of the site. 
 
The site generally consists of a north- and northwest-trending ridgeline with 
associated drainages.  Topography across the site is moderate to steep, and 
elevations vary from a high of about 1,720 feet in the hills on the south side of the 
property, to a low of about 972 feet on the west, north of the old quarry.  Natural 
hillsides above the development typically slope at inclinations in the range of 2:1 
to 3:1 (horizontal to vertical) but locally up to roughly 1.4:1 and locally steeper.  
The western portion of the property generally drains to the west, and the eastern 
portion generally drains to the east.   
 
Vegetation onsite consists of an assortment of native grasses and brush, with 
very heavy vegetation in some areas, as well as a few mature trees occurring in 
some of the stream valley bottoms of the site.   
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1.2 Proposed Development 
 

Based on the preliminary site plan prepared by Hunsaker & Associates Irvine, 
Inc., sent to us on November 29, 2021, development of approximately two thirds 
of the property is planned.  The majority of the development is planned for the 
gentler sloping areas of the site in the northeast, north, and west.  Most of the 
steeper hillsides of the site are to remain undeveloped.  Development is 
expected to include cut and fill grading to create residential home sites, water 
detention basins, drainage, utility, landscape, hardscape, street and other 
associated improvements. 
 
The design includes cut and fill slopes up to about 120 feet in height.  The 
deepest design cut is on the order of 135 feet and the deepest design fill 
approaches 85 feet. 
 
The project design includes single family residential lots, multi-family 
development, and superpad areas.  The project includes an entrance into the site 
from Sierra Avenue on the west and from 20th Street on the east. 
 

1.3 Previous Work 
 
The area of proposed development was initially studied by Geolabs in 1988.  
Although we did not have access to their report, test pit logs and test pit locations 
by Geolabs were provided in subsequent reports by John R. Byerly, Inc. (Byerly) 
and Gary S. Rasmussen and Associates (Rasmussen), prepared for Specific 
Plan 243.  The stated purpose of Byerly’s 2006 geotechnical investigation report 
was to provide an evaluation of surface and subsurface conditions of the site with 
respect to foundation types, slope stability, vertical and lateral bearing values, 
support of concrete slabs-on-grade, and site preparation.  Rassmusen provided a 
geotechnical feasibility report in 2005, and provided a subsurface investigation 
focusing on slope stability of the project as designed at that time. 
 
Of significance, several landslides were mapped across the hillside areas of the 
site in the geologic and geotechnical reports prepared by Rasmussen and Byerly.  
These landslides were mapped with very little or no subsurface data, and based 
solely on topographic expression or air photo analysis.  Considering the hard 
nature of the granitic lithology onsite and without significant subsurface data, the 
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conclusion that so many large landslides were present was questioned by the 
County.  After several review comments and responses to County comments, 
Byerly ultimately presented slope stability analysis that indicated most of these 
landslides were stable in their current condition.  Nonetheless, stabilization of 
one of the identified landslides was recommended with the construction of a 
stability buttress.  Further discussion of Byerly’s findings and conclusions with 
respect to landsliding is discussed later in this report. 
 
We have reviewed the Byerly and Rasmussen reports and their field and 
laboratory data during our study.  The locations of their borings and test pits and 
those of Geolabs are shown on the Geotechnical Map (Plate 1).  The logs of the 
borings and test pits are provided in Appendix B. 
 
In 2015, Leighton performed a preliminary investigation report, which provided 
geotechnical recommendations for grading and design for the mixed-use 
development proposed at that time. That investigation included field work to 
estimate rippability of bedrock onsite, to evaluate the existing conditions and to 
develop geotechnical conclusions and recommendations for grading and 
construction. Fieldwork included air percussion drilling, hollow-stem auger soil 
borings, backhoe test pits, excavator test pits, laboratory testing, a seismic 
refraction survey, and geotechnical analysis. A total of 10 exploratory, hollow-
stem-auger borings (LB-1 through LB-10) were drilled, logged, and sampled to 
depths ranging from 15.5 to 51.5 feet below the existing ground surface (bgs). 37 
backhoe test pits were excavated to depths ranging from approximately 3 to 17 
feet bgs and 12 excavator test pits were excavated to depths ranging from 11 to 
17.5 feet to observe subsurface conditions and to estimate rippability of the 
bedrock.  18 air percussion borings were drilled onsite to depths ranging from 25 
to 65 feet bgs to evaluate rippability of the bedrock drilled. Four well 
permeameter tests were conducted at two proposed basins within the 
development (LB-1 through LB-4) and percolations tests were conducted at 2 
locations within the development (TP-1 and TP-4) in general accordance with 
Riverside County guidelines to estimate infiltration rates.  
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Acting as our subconsultant, Terra Geoscience conducted a seismic refraction 
survey on the property in areas of significant planned cuts into granitic bedrock.  
The purpose of their work was to estimate the shear wave velocity of underlying 
bedrock materials as an estimate of rock hardness and to estimate the need for 
heavy ripping and/or blasting of rock to achieve design grades. 

 
The data collected during previous investigations has been incorporated into this 
report.  
 

1.4 Purpose of Review 
 

The purpose of this review has been to evaluate the geotechnical and geologic 
conditions at the site based on previous work for the project with respect to the 
proposed development and to provide planning level geotechnical 
recommendations for design and construction of the proposed develpoment.  Our 
review is based on data collected by Leighton in the last several years as well as 
data collected previously by Leighton and other investigators. 
 

1.5 Scope of Geotechnical Plan Review 
 
 The scope of our study has included the following tasks: 
 

• Background Review:  We reviewed available, relevant geotechnical and 
geologic maps and reports and aerial photographs available from our in-
house library.  We also reviewed the reports for the site previously prepared 
by Byerly and Rasmussen and Leighton (see references).  
 

• Engineering Analysis:  Data obtained from our background review, previous 
field exploration and geotechnical laboratory testing was evaluated and 
analyzed to develop geotechnical conclusions and provide preliminary 
recommendations presented in this report. 
 

• Report Preparation:  Results of our preliminary geotechnical plan review have 
been summarized in this report, presenting our findings, conclusions and 
preliminary geotechnical recommendations for design and construction of the 
proposed residential development. 
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2.0  FINDINGS 
 

2.1 Regional Geologic Conditions 
 

The site is located in the northern Peninsular Ranges Geomorphic Province of 
southern California along the western margin of the San Bernardino Valley.  This 
is a geologically complex area where the relatively northwest-moving Peninsular 
Range Province meets the relatively southeast-moving Transverse Ranges 
Province.  Strike-slip faults, such as the San Jacinto Fault Zone, dominate the 
structure of the Peninsular Ranges.  The active San Andreas Fault Zone, located 
approximately 22 kilometers northeast of the site, separates the valley from the 
rugged San Bernardino Mountains.  The active San Jacinto Fault Zone is present 
about 10 kilometers to the northeast, and the active Cucamonga fault is located 
about 18 kilometers to the northwest.  The San Andreas, San Jacinto, and 
Cucamonga faults have experienced significant activity in the recent geologic 
past. 
 
Based on available regional geologic maps, the site and surroundings are 
underlain by granitic bedrock of the Upper Cretaceous age and locally by 
metamorphic schist of Paleozic age (USGS, 2006), see Figure 2.  The bedrock 
units are mantled by older and younger alluvium.    

 
2.2 Subsurface Soil Conditions 

 
Based upon our review of pertinent geotechnical literature and our previous 
subsurface investigation, the site is underlain by surficial units and bedrock.  
Mapped surficial units include artificial fill, young alluvium and older alluvium.  
 
Artificial Fill (map symbol Afu) was encountered in tests pits excavated in the 
northwestern and northeastern valley portions of the site.  Uncontrolled artificial 
fill consisting of silty sand was encountered to depths ranging from 1 to 4 feet in 
Test Pits TP-1, TP-3, TP-15 and TP-19 as labeled on Plate 1.  The fill was 
generally dry and loose and contained plastic bags, metal scraps, cloth, and 
other debris.  Uncontrolled fill and debris were also reported in test pit logs by 
Geolabs (GTP-15 and 16).  Ten feet of fill/trash was report in GTP-15.  
Uncontrolled fill may be present in other areas of the site, particularly where dirt 
roads cross drainage areas. 
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Young or recent alluvium (map symbol Qal) is present in active stream channels 
in several areas of the site.  Young alluvium was generally described as silty 
sand and sand that was dry and loose.  Young alluvium was usually less than 
about 4 feet thick; however, 12 feet of loose alluvial soil was encountered in 
TP-17. 
 
Older Alluvium (map symbol Qalo) mantles much of the lower elevations of the 
site and was generally observed as light brown to reddish brown, silt and sandy 
silt.  The older alluvium encountered was dry to slightly moist, and dense to very 
dense.  As observed in our borings and test pits, the older alluvium varied from a 
few feet to more than 50 feet thick (Boring LB-7 in the northeast). 
 
The Peninsular Ranges Batholith Tonalite (map symbol Kt) underlies the ridges 
and elevated knolls of the site and is present at relatively shallow depth below 
the alluvial soil across much of the site.  This granitic bedrock consists of tonalite, 
and heterogeneous tonalite, typically light brown to gray, and medium- to very 
coarse-grained.  As encountered in our borings and test pits, the bedrock was 
weathered at the surface becoming very hard at shallow depths. 
 
Exposures of metamorphic schist (Paleozoic Biotite Schist) mixed with tonalite 
were observed locally on the surface and in some of the excavator test pits (EP-5 
and EP-6).  These areas are mapped on the Geotechnical Map as KtPz. 
 
The bedrock units have numerous fractures and joints that are typically 
moderately angled.  Regional mapping suggest a moderately steep, east-dipping, 
joint pattern is present.  Outcrops of granitic bedrock are present across the 
elevated portions of the site.  In some areas, the rock has weathered to create 
spheroidal boulders resting on steep slopes.  Evidence of rock fall is present at 
the base of some slopes, and buried boulders and cobbles may be present within 
the alluvial soil near the foot of slopes. 
 

 2.2.1 Compressible and Collapsible Soils 
 

Soil compressibility refers to a soil’s potential for settlement when 
subjected to increased loads as from a fill surcharge.  Based on our 
investigation, the older alluvial soil is generally considered slightly 
compressible.  Undocumented artificial fill and young alluvial soil is 
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expected to be moderately compressible.  Complete removal of 
undocumented fill and partial removal of alluvial soil is recommended later 
in this report to reduce the potential for adverse total and differential 
settlement of the proposed improvements.  The bedrock onsite is not 
considered compressible. 

 
Collapse potential refers to the potential settlement of a soil under existing 
stresses upon being wetted.  Previous test results (Leighton, 2015) 
indicate that the alluvial soil within the upper 5 feet onsite has a negligible 
to moderate collapse potential. 

 
2.2.2  Expansive Soils 

 
Expansive soils contain significant amounts of clay particles that swell 
considerably when wetted and shrink when dried.  Foundations 
constructed on these soils are subjected to large uplifting forces caused 
by the swelling.  Without proper measures taken, heaving and cracking of 
both building foundations and slabs-on-grade could result. 
 
The near surface soils consist of primarily of sandy silts and silty sands.  
Testing conducted by Byerly (2006) yielded expansion index of 0.  Based 
on this result and the nature of the soils observed, the near-surface soil is 
expected to have a low to very low expansion potential.   
 

 2.2.3  Sulfate Content 
 

Water-soluble sulfates in soil can react adversely with concrete.  However, 
concrete in contact with soil containing sulfate concentrations of less than 
0.1 percent by weight is considered to have negligible sulfate exposure 
based on the American Concrete Institute (ACI) provisions, adopted by the 
2019 CBC (CBC, 2019, Chapter 19, and ACI, 2014, Chapter 4).   

 
Two near-surface soil samples were tested during our previous 
investigation (Leighton, 2015), for soluble sulfate content.  The results of 
these tests indicate a sulfate content of approximately 0.01 percent by 
weight, indicating negligible sulfate exposure.   
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 2.2.4  Resistivity, Chloride and pH 
 

Soil corrosivity to ferrous metals can be estimated by the soil’s electrical 
resistivity, chloride content and pH.  In general, soil having a minimum 
resistivity less than 1,000 ohm-cm is considered severely corrosive.  Soil 
with a chloride content of 500 parts-per-million (ppm) or more is 
considered corrosive to ferrous metals. 
 
As a screening for potentially corrosive soil, representative soil samples 
were tested during our previous investigation (Leighton, 2015), to 
determine minimum resistivity, chloride content, and pH.  The tests 
indicated a minimum resistivity of 4080 to 5790 ohm-cm, chloride content 
of 21 to 63 ppm, and pH of 7.5 to 7.8.  Based on the tests, the onsite soil 
is considered mildly corrosive to ferrous metals. 

 
2.3 Rippability and Oversized Rock 

 
The granitic bedrock onsite is hard as evidenced by outcrops of rock on the 
surface and exposures in excavations present around the site.  To estimate the 
density of the rock and the difficulty of excavation, Terra Geoscience conducted 
a seismic refraction survey onsite.  Ten seismic lines were placed in design cut 
areas underlain by granitic bedrock.  The report of their survey is provided in 
Appendix E.  In addition, 18 air percussion drill holes were excavated by ECM, 
and the rate of advancement was used to estimate rippability.  Logs of these 
borings are included in Appendix B.  We also previously excavated 12 test pits 
with an excavator to qualitatively observe its progress of excavation.  These 
excavations were also observed by a representative of Sukut construction, who 
commented on the rippability of the material.  The logs of the excavator test pits 
are provided in Appendix B.  
 
In general, based on the areas tested, the upper portion of the bedrock appeared 
to be rippable to depths on the order of 15 to 20 feet and perhaps as deep as 30 
feet.  In general, we were able to excavate test pits with the excavator to depths 
of at least 13 feet and up to 17 feet, and the limitation on depth was typically the 
reach of the excavator rather than refusal (although the excavation was difficult).  
Since excavation was completed in a trench condition to depths of 13 to 17 feet 
with the excavator, we anticipate that the bedrock will generally be rippable in an 
open excavation with a larger dozer and a single shank ripper to these depths.  
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The air percussion test results and the seismic refraction survey also suggested 
that the bedrock may be rippable to depths of 20 to 25 feet.  However, very hard 
bedrock with high seismic velocities was encountered along all seismic lines at 
depths as shallow as 5 to 10 feet (Line S-3 & S-4).  Blasting of the bedrock in 
cuts deeper than about 20 to 30 feet should be expected.  Our preliminary 
estimates of the depth of rippable material are shown on Plate 1, Geotechnical 
Map. 
 
Although our 2015 data suggested that the bedrock onsite may be rippable to 
depths on the order of 20 feet, there are many considerations in determining 
bedrock rippability, including the nature of the rock, the type of equipment used, 
and the production rate during ripping.  Although the rock may be rippable, if 
rates of progress are very slow, blasting may provide superior results.  Likewise, 
some areas of bedrock may be rippable, but very hard non rippable rock may be 
adjacent.  Due to the variabilities of the bedrock conditions and the equipment 
being used, it is difficult to accurately predict the depth of rippable material 
across the site.  Areas onsite may also encounter buried core stones or non-
rippable rock.  Additional discussion of excavation considerations is provided in 
the seismic refraction survey report in Appendix E.   
 

2.4 Slope Stability and Rockfall Potential 
 
 The hard granitic bedrock present in elevated portions of the site is not typically 

prone to deep-seated slope failures.  Geologic maps prepared by Rasmussen 
and Byerly show numerous large landslides on the property.  These were 
mapped by the geologist based primarily on topographic expression and aerial 
photograph review, not subsurface data or evidence of displaced units.  We had 
observed no evidence of deep-seated landslides during our 2015 study.  Large, 
deep-seated landslides would be very unusual in this geologic terrain and setting.  
Based on our observations, the preponderance of evidence is that the landslides 
mapped by Byerly and Rasmussen are not present. 

 For example, an ancient landslide was mapped by Rasmussen (2006) in the 
southwest portion of the site, shown on their Cross-section D-D’.  The landslide 
was reportedly investigated with Trench T-4, and landslide debris and landslide 
rupture surfaces are shown on the trench log.  However, no landslide is shown in 
the area of Trench T-4 on the geologic map included with the 2006 report, nor is 
a landslide shown in the area of Trench T-4 on subsequently prepared geologic 
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maps.  A review of aerial photographs in the area where Trench T-4 is located 
shows an unbroken outcrop of granitic bedrock (dike) extending north-south 
along the ridge and extending across and well beyond the limits of the mapped 
landslide, indicating no landslide is present in this area. 

 Trench T-3 (Rasmussen, 2006) was also reportedly excavated in an ancient 
landslide shown on Cross-section C-C’.  Although landslide material and 
“ruptures surfaces” are shown on the trench log, no landslide is shown on the 
included geologic map or subsequent maps.  These are two of only four 
subsurface explorations made into landslides mapped by Byerly and 
Rasmussen. 

 We conducted reviews of the landslides mapped by Byerly and Rasmussen and 
found similar evidence suggesting that the landslides are not present as mapped. 

 Although Byerly mapped the landslides, Byerly concluded that the majority of the 
landslides were stable and that they were ancient slides that failed in the 
Pleistocene when the climate was wetter and groundwater was more shallow.  
Considering the very hard nature of the bedrock and its poor permeability, it is 
our opinion that the wetter climate in the Pleistocene would have only a minor 
impact in the gross stability of the granitic slopes onsite. 

 Based on their analysis, only one landslide required stabilization for the Specific 
Plan 243 design.  This was a landslide mapped adjacent to Trench 4 and on 
Cross-section D-D’.  However, a dike visible in aerial photographs is unbroken 
and extends across the mapped limits of this landslide, and there is no evidence 
for offset of the dike by landslide movement. 

 It is our opinion that the landslides are not present as mapped by Rasmussen 
and Byerly.  Subsurface evidence for their presence is very limited and 
contradictory (as noted in the discussion of Trenches T-3 and T-4 above), and 
strong evidence of continuous bedrock extending across the mapped trace of 
many of the mapped landslides is readily observed in aerial photographs.  

 The onsite bedrock is very hard and capable of supporting tall, steep slopes.  A 
near vertical cut of nearly 300 feet in height is exposed in the quarry offsite to the 
southwest.  This suggests the bedrock onsite is capable of supporting the 
existing and manufactured slopes in the development. 
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  Cut slopes excavated at 2:1 and up to 120 feet in height are planned for the 
development.  When underlain by granitic bedrock, these slopes are expected to 
be grossly and surficially stable.  Natural slopes surrounding the development 
are also expected to be grossly stable.  Design slopes cut into the older alluvial 
soils are also expected to be grossly and surficially stable when constructed at 
2:1. 
 
However, portions of the natural hillsides adjacent to the development are 
covered with exposed bedrock outcrops and subrounded to rounded boulders.  
There is a potential for surficial instability and rockfall in these areas.  Areas with 
a potential for rockfall are noted on the Geotechnical Map (Plate 1).  Rock fall 
can present a hazard to improvements at the base of slopes if not mitigated or 
considered in the project design.  
 

 Many of the natural slopes above the development are covered with loose 
colluvial soils and topsoils that may be prone to soil slumps and debris flow 
during or immediately following heavy rainfall.  Special consideration of these 
areas will be required during the design and grading of the site.  Protection for 
downslope structures from debris flow should be provided and may include 
drainage swales, debris walls and berms. 

 
2.5 Surface Water, Groundwater and Subdrains 
 
 Surface water was not observed onsite during our investigation in 2015 and no 

groundwater was encountered within any of the borings or test pits excavated 
onsite.  The granitic bedrock onsite is not generally considered water bearing.  
The historically highest groundwater level in the near vicinity is approximately 
120 feet below the existing ground surface (CDWR, 1970). 
 
Based on our review of regional groundwater data (CDWR, 2021), a well 
approximately 1.4 miles north of the site with groundwater readings from October 
2011 to January 2021, recorded the shallowest groundwater level on the order of 
177 feet below the ground surface in 2011.  Groundwater is expected to be 
greater than 100 feet below the ground surface in the lower portions of the site 
underlain by alluvial soil.  Groundwater is not generally expected to be a 
significant constraint to development of the site. 
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Following grading, water from irrigation or other sources may accumulate in the 
subsurface.  Subdrains will be required to remove subterranean water from 
canyon areas and in areas of fill slope.  
 

2.6 Infiltration Testing 
 
Four well permeameter tests at 2 locations (LB-1 through LB-4, two tests at each 
location) were conducted by us in 2015 to preliminarily evaluate infiltration rates 
where water quality basins are planned.  
 
Well permeameter tests are useful for field measurements of soil infiltration rates, 
and are suited for testing when the design depth of the basin or chamber is deeper 
than current existing grades.  It should be noted that this is a clean-water, small-
scale test, and that correction factors need to be applied.  The test consists of 
excavating a boring to the depth of the test (or deeper if it is partially backfilled with 
soil and a bentonite plug with a thin soil covering is placed just below the design 
test elevation).  A layer of clean sand is placed in the boring bottom to support a 
float valve and temporary perforated well casing pipe.  In addition, sand is poured 
around the outside of the well casing within the test zone to prevent the boring 
from caving/collapsing or eroding when water is added.  The float valve, placed 
inside the casing, adds water stored in barrels at the top of the hole to the boring 
as water infiltrates into the soil, while maintaining a relatively constant water head 
in the boring.  The infiltration rate as measured during intervals of the test is 
defined as the incremental flow rate of water infiltrated, divided by the surface area 
of the infiltration interface.  The test was conducted based on the USBR 7300-89 
test method. 
 
LB-1 and LB-2 (Leighton, 2015) were conducted at the planned basin on the 
eastern side of the property, just north of 20th Street.  The design at that time 
called for a cut on the order of 5 to 20 feet to achieve design grade for the basin.  
Borings drilled in this area encountered older alluvium to a depth of 21.5 feet 
(LB-1, design cut to basin bottom of 5 feet), and bedrock at 15 feet (LB-2, design 
cut to basin bottom of 20 feet).   
 
The infiltration rates of small-scale tests LB-1 through LB-11 (Leighton, 2015) 
ranged from approximately 3 to 16 inches per hour (prior to applying correction 
factors or a factor of safety).  Design rates, correction factors, and other 
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infiltration facility recommendations are discussed in Section 3.6.  Infiltration test 
results are provided in Appendix B.   
 
Measured infiltration rates of the small-scale tests at LB-1 (Leighton, 2015) at 
depths of 7.8 to 15 feet bgs were on the order of 1.9 inches per hour.  Measured 
infiltration rates of the small-scale test at LB-2 at depths of 19.2 to 30 feet bgs 
were on the order of 0.0 inch per hour. 
 
LB-3 and LB-4 (Leighton, 2015) were conducted at the basin planned at that time 
in the northeastern portion of the site.  That basin design required a cut of 
roughly 0 to 25 feet to achieve design grade for this basin.  In this area, bedrock 
was encountered at a depth of 45 feet bgs.  There was an existing natural 
drainage channel north of this proposed basin with a bottom elevation lower than 
the proposed basin bottom.  Measured infiltration rates of the small-scale test at 
LB-3 (design cut to basin bottom of 0 to 5 feet) at depths of 6.2 to 12 feet bgs 
were on the order of 1.1 inches per hour.  Measured infiltration rates of the small-
scale test at LB-4 (design cut to basin bottom of 20 to 25 feet) at depths of 20.8 
to 30 feet bgs were on the order of 2.4 inches per hour.  
 
Two percolation tests were conducted to estimate infiltration rates at a planned 
basin on the west side of the project (TP-4) and in possible bioswale area (TP-1) 
in the northeastern portions of the site (Leighton, 2015).  Percolation tests were 
conducted at depths of approximately 5 to 6.5 feet bgs at these locations. The 
percolation test consisted of excavating a 20-inch-deep, 7- to 10-inch-diameter 
boring in the bottom of the test pit, placing a perforated cylinder in the test hole 
and backfilling with sand and gravel around the test hole.  The boring was then 
repeatedly filled with water and the drop in water level measured over time.  The 
test results give a percolation rate which is then converted to infiltration rate.   

 
Infiltration rates for these small-scale tests ranged from approximately 5 to 8 
inches per hour (no correction factor or factor of safety applied).  Infiltration 
testing within TP-1 showed a result of about 5 inches per hour.  Infiltration testing 
within TP-4 showed a result of about 8 inches per hour.  These results are 
considered a feasible rate for reliance on infiltration in these locations.   
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Design rates, correction factors, and other infiltration facility recommendations 
are discussed in Section 3.6.  Infiltration test results are provided in Appendix B.  
The test locations are shown on the Geotechnical Map (Plate 1).  
 
Percolation tests were also planned at several other areas of the site in 2015 
(TP-2, TP-3, TP-5, TP-6, TP-7, TP-9 TP-10 and TP-11).  However, granitic 
bedrock was encountered in the test pits in these areas, and infiltration at these 
locations is not considered feasible. 
 

2.7 Faulting and Seismicity 
 

Our review of available in-house literature indicates that there are no known 
active faults traversing the site.  The closest known active or potentially active 
fault is the San Jacinto Fault, located approximately 6 miles northeast of the site. 
The principal seismic hazard that could affect the site is ground shaking resulting 
from an earthquake occurring along several major active or potentially active 
faults in southern California.  The known regional active and potentially active 
faults that could produce the most significant ground shaking at the site include 
the San Jacinto-San Bernardino, San Jacinto-San Jacinto Valley, Cucamonga, 
San Andreas-San Bernardino, San Andreas-Southern, Chino-Central Avenue, 
San Jose, Cleghorn, Elsinore-Glen Ivy, and Whittier faults. 
 
We have selected Site Class D for seismic analysis of the site.  The Mapped 
MCE Geometric Mean Peak Ground Acceleration (PGA) is 0.83g based on 
ASCE-7-16 Figure 22-7.  Probabilistic magnitude was estimated using hazard 
deaggregation from using the United States Geological Survey’s (USGS) 2008 
Interactive Deaggregations utility.  The results of this analysis indicate that the 
predominant modal earthquake has a magnitude of approximately 8.1 (MW) at a 
distance on the order of 11 kilometers for the Maximum Considered Earthquake  
(2% probability of exceedance in 50 years).   
 
Based on ASCE 7-16 Equation 11.8-1, the FPGA is 1.1, the PGA is 0.57g, and the 
PGAM is 0.63g. 
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2.8 Secondary Seismic Hazards 
 

In general, secondary seismic hazards for sites in the region could include soil 
liquefaction, earthquake-induced settlement, lateral displacement, landsliding, 
and earthquake-induced flooding.  The potential for secondary seismic hazards 
at the site is discussed below. 

 
 2.8.1  Liquefaction Potential 

 
Liquefaction is the loss of soil strength or stiffness due to a buildup of 
pore-water pressure during severe ground shaking.  Liquefaction is 
associated primarily with loose (low density), saturated, fine-to-medium 
grained, cohesionless soils.  As the shaking action of an earthquake 
progresses, the soil grains are rearranged and the soil densifies within a 
short period of time.  Rapid densification of the soil results in a buildup of 
pore-water pressure.  When the pore-water pressure approaches the total 
overburden pressure, the soil reduces greatly in strength and temporarily 
behaves similarly to a fluid.  Effects of liquefaction can include sand boils, 
settlement, and bearing capacity failures below structural foundations. 

 
The State of California has not prepared liquefaction hazard maps for this 
area.  The County of Riverside has mapped a portion of the site in an area 
with a moderate liquefaction potential (Riverside County, 2021).  
 
Based on a review of our previous study (Leighton, 2015) the potential for 
liquefaction across the majority of the site is very low due to the presence 
of dense soil and bedrock and the absence of shallow groundwater.    
 

 2.8.2 Seismically Induced Settlement 
 

During a strong seismic event, seismically induced settlement can occur 
within loose to moderately dense, dry or saturated granular soil.  
Settlement caused by ground shaking is often nonuniformly distributed, 
which can result in differential settlement.   
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The majority of the site is underlain by granitic bedrock or firm older 
alluvial soil and seismically induced settlement is expected to be minor 
(generally less than 1 inch). 
 
Considering our overexcavation/removal recommendations, the potential 
total settlement resulting from seismic loading is considered low (less than 
1 inch) for this site.  Differential settlement resulting from seismic loading 
is generally assumed to be one-half of the total seismically induced 
settlement over a distance of 40 feet.   
 

2.8.3 Seismically Induced Slope Failures 
 
Based on our analysis, the greatest risk of seismically induced slope 
failures is rock fall.  Loose rocks on steep slopes can become weakened 
or dislodged during strong seismic shaking resulting in rock fall to the base 
of the slope.  
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3.0  CONCLUSIONS AND RECOMMENDATIONS 
 
Based on this investigation, construction of the proposed development is feasible from a 
geotechnical standpoint.  No severe geologic or soils related issues were identified that 
would preclude development of the site for the proposed improvements.  The most 
significant geotechnical issues at the site are those related to the potential for strong 
seismic shaking, potentially compressible soils, rock fall hazards and hard granitic 
bedrock.  Good planning and design of the project can limit the impact of these 
constraints.  Remedial recommendations for these and other geotechnical issues are 
provided in the following sections. 
 
3.1 General Earthwork and Grading 
 
 All grading should be performed in accordance with the General Earthwork and 

Grading Specifications presented in Appendix F, unless specifically revised or 
amended below or by future recommendations based on final development 
plans. 

 
 3.1.1 Site Preparation 
 

  Prior to construction, the site should be cleared of vegetation, trash and 
debris, which should be disposed of offsite.  Any underground obstructions 
should be removed as should large trees and their root systems.  
Resulting cavities should be properly backfilled and compacted.  Efforts 
should be made to locate existing utility lines.  Those lines should be 
removed or rerouted if they interfere with the proposed construction, and 
the resulting cavities should be properly backfilled and compacted.  Trees 
should be removed. 

 
3.1.2 Removals and Overexcavation 

 
 The following overexcavation recommendations are based on preliminary 

data.  These recommendations should be reviewed and revised, as 
necessary, based on our future review of the project site plans, grading 
plans, and on field conditions encountered during grading. 
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All uncontrolled fill, younger alluvium and the upper compressible portion 
of older alluvium and weathered bedrock should be removed to firm 
material and replaced as compacted fill.  The depth of these removals is 
expected to range from 4 to 15 feet in alluvial areas.  The actual depth of 
removals should be determined in the field based on observations during 
grading. 
 
For proposed building pads and utility trenches in marginally rippable to 
non-rippable rock areas, it may be desirable to over-excavate at least 2 
feet below the bottom of proposed utility trenches and 4 to 5 feet below 
pad grade to facilitate future trenching operations.   
 
All removal bottoms should be surveyed by the project civil engineer prior 
to the placement of compacted fill.  The data from that survey will be 
required for analysis of differential settlement under proposed building 
areas. 

 
 After completion of the overexcavation, and prior to fill placement, the 

exposed surfaces should be scarified to a minimum depth of 6 inches, 
moisture-conditioned, and recompacted to a minimum 90 percent relative 
compaction. 

 
3.1.3 Cut/Fill Transitions and Canyon Wall Cleanouts 

 
Building pads located on or near cut/fill transitions or areas with significant 
variations in fill thickness should be overexcavated to reduce the potential 
for differential settlement associated with the transition.  Overexcavation 
should extend a minimum of 3 feet below the bottom of footings. 
 
Additional recommendations may be needed based on the conditions 
encountered during rough grading, based on the actual subsurface 
conditions encountered. 
 
Removal operations in canyon areas often result in the creation of steep 
canyon walls.  If canyon cleanouts result in canyon sidewalls that are 
steeper than 1.5:1 (horizontal to vertical), we recommend that the canyon 
sidewalls be laid back to an inclination of 1.5:1 or flatter, such that a 
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steeper cut/fill transition is not created.  These areas should be evaluated 
in the field by Leighton, based on the nature of the canyon removals and 
based on proposed building locations, if known at that time. 

 
3.1.4 Groundwater and Subdrainage 
 

Canyon subdrains should be placed after completion of compressible soil 
removals in canyon areas of the site.  The approximate locations of 
recommended canyon drains are shown on the geotechnical map.  
Canyon subdrains should be constructed with Schedule 40 PVC pipe 
surrounded by 9 cubic feet per lineal foot of Class II permeable filter 
material.  Subdrains placed along the back cut of stability fills may be 
constructed with 3 cubic feet per lineal foot of Class II permeable filter 
material with outlet cannons provided every 100 feet laterally.  Local areas 
of particularly abundant groundwater (if encountered) may require 
subdrainage.  All subdrains should be constructed in accordance with the 
standard specifications presented in Appendix F.  The location of all 
subdrains should be surveyed by the project civil engineer. 

 
3.1.5 Fill Placement 

 
The onsite soils and bedrock are generally suitable for use as compacted 
structural fill, provided that they are free of oversized material (rock larger 
than 12 inches in dimension) organic material, and construction debris.  
Import soil to be placed as fill should be evaluated by Leighton.  Fill soils 
should be placed in accordance with the General Earthwork and Grading 
Specifications (Appendix F), except as amended herein.   

 
Prior to compaction, all fill soil should be placed in thin, loose lifts roughly 
8 inches in thickness.  In areas where the fill depth is less than 30 feet, the 
fill should be moisture-conditioned (moistened or dried), as necessary, to 
at least optimum moisture content and compacted to a minimum 90 
percent relative compaction, as determined by ASTM Test Method D1557.  
We recommend fill placed at depths greater than 30 feet below design 
grade be placed using a minimum standard of 95 percent relative 
compaction and at least optimum moisture content. 
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Oversize material will be generated from bedrock areas during grading of 
the site.  Placement of oversize material should be conducted as noted in 
Section 3.1.8. 
 

 3.1.6  Shrinkage and Bulking 
 

The change in volume of excavated materials upon recompaction as fill can 
vary significantly based on soil type and location.  This volume change is 
represented as a percentage increase (bulking) or decrease (shrinkage) in 
the volume of fill materials after excavation and recompaction.  Subsidence 
occurs as natural ground is moisture conditioned and densified to receive 
fill.  Subsidence also can refer to settlement of the existing ground upon 
placement of fill.   
 
We assume that the bedrock onsite will not shrink, but estimate it could bulk 
slightly (roughly 5 percent) when placed as compacted fill.  The uncontrolled 
fill and alluvial soils onsite are expected to shrink on the order of 10 to 15 
percent when placed as compacted fill. 
 
These values can vary significantly depending on the level of fill 
compaction, variations in the dry density of the existing soil, and other 
factors that influence the amount of volume change.  The preliminary 
estimates of shrinkage presented here are, by necessity, based on very 
limited data as compared to the thousands of cubic yards of earth to be 
moved.  Adjustments to earthwork volume should be anticipated during 
grading of the site, and areas should be established where grades can be 
adjusted to accommodate variations in earthwork shrinkage or swelling. 

 
 3.1.7 Import Fill Soil 
 

Import soil to be placed as fill should be geotechnically accepted by 
Leighton.  Preferably at least 3 working days prior to proposed import to 
the site, the contractor should provide Leighton pertinent information of the 
proposed import soil, such as location of the soil, whether stockpiled or 
native in place, and pertinent geotechnical reports if available.  We 
recommend that a Leighton representative visit the proposed import site 
to observe the soil conditions and obtain representative soil 
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samples.  Potential issues may include soil that is more expansive than 
onsite soil, soil that is too wet, soil that is too rocky or too dissimilar to 
onsite soils, oversize material, organics, debris, etc.  

 
3.1.8 Rippability and Oversized Material 

 
The granitic bedrock onsite is hard, as evidenced by outcrops of rock on 
the surface and exposures in excavations present around the site.  In 
general, based on our field work, the upper portion of the bedrock appears 
to be rippable to depths on the order of 15 to 20 feet and perhaps as deep 
as 30 feet.  However, very hard bedrock with high seismic velocities was 
encountered at depths a shallow as 5 to 10 feet.  Blasting of the bedrock 
in cuts deeper than about 20 to 30 feet should be expected, and blasting 
will be required at shallower depths in some areas. 
 
For proposed building pads and utility trenches in marginally rippable to 
non-rippable rock areas, it may be desirable to over-excavate at least 2 
feet below the bottom of proposed utility trenches and 5 feet below pad 
grade to facilitate future trenching operations.   
 
Based on the results of our field work, we anticipate that considerable 
quantities of rock fragments and oversized rock will be generated during 
rough grading.  Therefore, rock disposal during grading of the site will be 
needed.  Disposing of rock and rock fragments can be performed in the 
following manner based on the size of the material: 
 
Rock and Rock Fragments 12 Inches in Dimension or Less 
 
Soil should be placed as a fill cap in areas to receive fill.  Within this fill 
cap, rock and rock fragments 12 inches or less in largest dimension may 
be combined with finer material.  These materials should be placed, as a 
minimum, in the upper 5 feet below finished grade on fill lots and lots 
overexcavated due to the presence of hard rock or due to cut/fill 
transitions.  The outer 10 feet of slope faces should be constructed with 
12-inch minus fill material.  In street areas, 12-inch minus fill material 
should be placed within the entire street right-of-way to the bottom 
elevation of the lowest utility. 
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Fill cap material consisting of 12-inch minus rock, rock fragments and finer 
material should be placed in maximum one-foot-thick lifts, moisture-
conditioned, as necessary, to at least optimum moisture content (greater if 
the soil remains workable) and recompacted to a minimum of 90 percent 
relative compaction. 
 
Rock and Rock Fragments Greater Than 12 inches and Less Than 36 
Inches 

 
We anticipate that a significant quantity of rock and rock fragments greater 
than 12 inches and less than 36 inches in largest dimension will be 
generated during rough grading.  Rock in this size range should be 
incorporated into fills with finer material in the form of rock blankets.  Rock 
blankets should have a maximum thickness of 24 to 36 inches.  Sufficient 
quantities of finer material must be incorporated into the rock blankets to 
prevent nesting and to fill voids. 
 
Rock blankets should be restricted to those areas that are at least one foot 
below the lowest utility invert within street rights-of-way, 5 feet below finish 
pad grade on fill lots, and within 10 feet (measured horizontally) from the 
face of fill slopes. 
 
Rock material should be moisture conditioned in excess of optimum 
moisture content (within workable limits) and compacted by wheel rolling 
with scrapers and water trucks, track walking with dozers, and/or with 
sheepsfoot rollers.  Each rock blanket should be completed and its surface 
compacted prior to beginning another rock blanket, a rock windrow or a 
12-inch-minus fill cap. 

 
Rock Greater Than 36 Inches in Dimension 

 
Oversized material greater than 36 inches in largest dimension should be 
placed in rock windrows.  Rocks placed in windrows should be placed 
such that they are not nested.  The void spaces between the rocks should 
be filled with the more granular material onsite.  This material should be 
flooded into the voids.  Horizontal spacing between windrows should be at 
least an equipment (scraper) width to facilitate working the fine material 
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into the windrows from the sides and top.  A minimum of 3 feet of 12-inch- 
minus fill material should be placed over windrows prior to initiating 
another windrow.  Windrows should be staggered such that no windrows 
are directly above another on subsequent lifts.  Windrows should be 
placed perpendicular to the face of slopes and should be terminated 15 
feet from the face of fill slopes.  Windrows should be placed a minimum of 
10 feet below finish grade. 
 
Large rocks can also be buried individually within 12-inch-minus fill (below 
10 feet or below the minimum cap thickness) or in native ground.  This can 
be accomplished by excavating a dozer trench to a minimum depth of one 
foot greater than the largest dimension of the rock.  The area around and 
beneath the rock should be filled with the more granular material onsite 
and flooded in place to fill all voids.  Individually buried rock should be 
spaced no closer than 15 feet from one another and at least 6 feet of 
compacted fill must be placed over a buried individual rock prior to placing 
another rock directly over it.  Individual rocks can be buried at closer 
vertical intervals provided they are staggered in accordance with 
Leighton's field recommendations. 

 
We recommend that, where possible, large rocks be incorporated into 
nonstructural fills, placed in open (green belt) areas or incorporated into 
the finished landscape by the landscape architect.  A representative of 
Leighton and Associates should observe the placement of rock fills, 
individual rocks, and rock windrows.  Observation pits should be 
excavated into the rock fills periodically to observe for evidence of voids 
and rock nesting. 
 
If sufficiently deep fill areas are not available, size reduction processing or 
off-site disposal may be required.  Other uses of resistant rock may 
include onsite riprap or crushing/processing for aggregate base materials. 
 

3.2 Shallow Foundation Recommendations 
 

Overexcavation and recompaction of the footing subgrade soil should be 
performed as detailed in Section 3.1.  The following recommendations are based 
on the onsite soil conditions and soils with a low expansion potential. 
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 3.2.1 Minimum Embedment and Width 
 

Footings should have a minimum embedment in accordance with the 
California Building Code (CBC), with a minimum width of 24 and 12 inches 
for isolated and continuous footings, respectively. 

 
 3.2.2 Allowable Bearing 
 

An allowable bearing pressure of 1,800 pounds-per-square-foot (psf) may 
be used for single family residences based on the minimum embedment 
depth and width above.  This allowable bearing value may be increased by 
250 psf per foot increase in depth or width to a maximum allowable 
bearing pressure of 2,500 psf.  If higher bearing pressures are required, 
this should be reviewed on a case-by-case basis.  These allowable 
bearing pressures are for total dead load and sustained live loads.  
Footing reinforcement should be designed by the structural engineer. 

 
 3.2.3 Lateral Load Resistance 

 
Soil resistance available to withstand lateral loads on a shallow foundation 
is a function of the frictional resistance along the base of the footing and 
the passive resistance that may develop as the face of the structure tends 
to move into the soil.  The frictional resistance between the base of the 
foundation and the subgrade soil may be computed using a coefficient of 
friction of 0.30.  The passive resistance may be computed using an 
allowable equivalent fluid pressure of 240 pounds per cubic foot (pcf), 
assuming there is constant contact between the footing and undisturbed 
soil.  The coefficient of friction and passive resistance may be combined 
without further reduction. 

 
3.2.4 Increase in Bearing and Friction - Short Duration Loads 

 
The allowable bearing pressure and coefficient of friction values may be 
increased by one-third when considering loads of short duration, such as 
those imposed by wind and seismic forces. 
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3.3 Recommendations for Slabs-On-Grade 

Concrete slabs-on-grade should be designed by the structural engineer in 
accordance with the current CBC for a soil with a very low expansion potential. 
Where conventional light floor loading conditions exist, the following minimum 
recommendations should be used.  More stringent requirements may be required 
by local agencies, the structural engineer, the architect, or the CBC.  Laboratory 
testing should be conducted at finish grade to evaluate the Expansion Index (EI) 
of near-surface subgrade soils.  Slabs-on-grade should have the following 
minimum recommended components: 

Subgrade Moisture Conditioning:  The subgrade soil should be moisture 
conditioned to at least 2 percent above optimum moisture content to a minimum 
depth of 18 inches prior to placing steel or concrete. 

• Moisture Vapor Retarder:  A minimum of a 10-mil vapor retarder should be
placed below slabs where moisture-sensitive floor coverings or equipment is
planned.  Since moisture will otherwise be transmitted up from the soil
through the concrete, it is important that an intact vapor retarder be installed.
We recommend that the vapor retarder meet the requirements of ASTM
E1745 and be installed per ASTM E1643.  The structural engineer should
specify pertinent concrete design parameters and moisture migration
prevention measures, such as vapor retarder selection and whether a sand
blotter layer should be placed over the vapor retarder.  Gravel or other
protruding objects that could puncture the moisture retarder should be
removed from the subgrade prior to placing the vapor retarder, or a stronger
vapor retarder intended for the specific conditions present can be used.

• Concrete Thickness:  Slabs-on-grade should be at least 4 inches thick.
Reinforcing steel should be designed by the structural engineer, but as a
minimum should be No. 3 rebar placed at 18 inches on center, each direction,
mid-depth in the slab.

Minor cracking of the concrete as it cures, due to drying and shrinkage is normal 
and should be expected.  However, cracking is often aggravated by a high 
water/cement ratio, high concrete temperature at the time of placement, small 
nominal aggregate size, and rapid moisture loss due to hot, dry, and/or windy 
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weather conditions during placement and curing.  Cracking due to temperature 
and moisture fluctuations can also be expected.  Low slump concrete can reduce 
the potential for shrinkage cracking.  Additionally, our experience indicates that 
reinforcement in slabs and foundations can generally reduce the potential for 
concrete cracking.  The structural engineer should consider these components in 
slab design and specifications. 
 
Moisture retarders can reduce, but not eliminate moisture vapor rise from the 
underlying soils up through the slab.  Floor covering manufacturers should be 
consulted for specific recommendations. 
 
Leighton does not practice in the field of moisture vapor transmission evaluation, 
since this is not specifically a geotechnical issue.  Therefore, we recommend that 
a qualified person, such as the flooring subcontractor and/or structural engineer, 
be consulted with to evaluate the general and specific moisture vapor 
transmission paths and any impact on the proposed construction.  That person 
should provide recommendations for mitigation of potential adverse impact of 
moisture vapor transmission on various components of the structures as deemed 
appropriate. 

 
3.4 Seismic Design Parameters 
 

The site will experience strong ground shaking after the proposed project is 
developed resulting from an earthquake occurring along one or more of the major 
active or potentially active faults in southern California.  Accordingly, the project 
should be designed in accordance with all applicable current codes and 
standards utilizing the appropriate seismic design parameters to reduce seismic 
risk as defined by California Geological Survey (CGS) Chapter 2 of Special 
Publication 117a (CGS, 2008).  Through compliance with these regulatory 
requirements and the utilization of appropriate seismic design parameters 
selected by the design professionals, potential effects relating to seismic shaking 
can be reduced.   
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The following parameters should be considered for design under the 2019 CBC: 

2019 CBC Parameters (CBC or ASCE 7-16 reference) Value   
2019 CBC 

Site Latitude and Longitude (degrees): 34.0282, -117.4038 

Site Class Definition (1613.2.2, ASCE 7-16 Ch 20)  C 

Mapped Spectral Response Acceleration at 0.2s Period (1613.2.1), Ss  1.500 g 

Mapped Spectral Response Acceleration at 1s Period (1613.2.1), S1  0.600 g 

Short Period Site Coefficient at 0.2s Period (T1613.2.3(1)), Fa  1.200 

Long Period Site Coefficient at 1s Period (T1613.2.3(2)), Fv  1.400 

Adjusted Spectral Response Acceleration at 0.2s Period (1613.2.3), 
SMS  

1.800 g 

Adjusted Spectral Response Acceleration at 1s Period (1613.2.3), SM1  0.840 g 

Design Spectral Response Acceleration at 0.2s Period (1613.2.4), SDS  1.200 g 

Design Spectral Response Acceleration at 1s Period (1613.2.4), SD1  0.560 g 

Mapped MCEG peak ground acceleration (11.8.3.2, Fig 22-9 to 13), 
PGA 

0.573 g 

Site Coefficient for Mapped MCEG PGA (11.8.3.2), FPGA  1.200 

Site-Modified Peak Ground Acceleration (1803.5.12; 11.8.3.2), PGAM 0.688 g 

 
3.5 Retaining Walls 
 

We recommend that retaining walls be backfilled with very low expansive soil and 
constructed with a backdrain in accordance with the recommendations provided 
on Figure 3 (rear of text).  Using expansive soil as retaining wall backfill will result 
in higher lateral earth pressures exerted on the wall.  Based on these 
recommendations, the following parameters may be used for the design of 
conventional retaining walls: 

 
Static Equivalent Fluid Weight for Sand Backfill (pcf)  

Condition Level Backfill 2:1 Sloping Backfill 
Active 37 60 

At-Rest 58 89 
Passive 300 

(Maximum of 5,400 psf) 
170 

(2:1 Sloping Front) 
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The above values do not contain an appreciable factor of safety except the 
passive pressure, so the structural engineer should apply the applicable factors 
of safety and/or load factors during design, as specified by the California Building 
Code. 
 
Cantilever walls that are designed to yield at least 0.001H, where H is equal to 
the wall height, may be designed using the active condition.  Rigid walls and 
walls braced at the top should be designed using the at-rest condition.  
 
Passive pressure is used to compute soil resistance to lateral structural 
movement.  In addition, for sliding resistance, a frictional resistance coefficient of 
0.3 may be used at the concrete and soil interface.  The lateral passive 
resistance should be taken into account only if it is ensured that the soil providing 
passive resistance, embedded against the foundation elements, will remain intact 
with time. 
 
In addition to the above lateral forces due to retained earth, surcharge due to 
improvements, such as an adjacent structure or traffic loading, should be 
considered in the design of the retaining wall.  Loads applied within a 1:1 
projection from the surcharging structure on the stem of the wall should be 
considered in the design.   
 
Walls retaining over 6 feet of soil should be reviewed on a case-by-case basis, 
and will require a seismic coefficient based on conditions of the walls. 
 
A soil unit weight of 120 pcf may be assumed for calculating the actual weight of 
the soil over the wall footing. 
 

3.6 Infiltration Basin Design 
 

Small–scale infiltration testing had been previously conducted at several 
locations onsite (Leighton, 2015).  Well permeameter tests were conducted for 
basins planned in 2015, which were located in the east central portion of the site 
north of and adjacent to 20th Street (LB-1 and LB-2) and at the basin in the 
northeast portion of the site at Alicante Avenue (LB-3 and LB-4).  Percolation 
tests were also conducted at a proposed basin in the western portion of the site 
(TP-4) and in a slope area in the northeast (TP-1).  
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Infiltration tests were conducted in LB-1 and LB-2 at the planned basin on the 
eastern side of the property, just west of 20th Street.  Based on the data 
collected, the northern portion of the basin is anticipated to be underlain by 
granitic bedrock with a measured small-scale infiltration rate of approximately 0 
inch per hour.  The southern portion of the basin will be underlain by older 
alluvium with a measured small-scale infiltration rate of 1.9 inches per hour.  
However, due to shallow bedrock, infiltration into this basin is considered 
infeasible.   
 
Infiltration tests were previously conducted in LB-3 and LB-4 (Leighton, 2015) at 
the basin planned at that time in the northeastern portion of the site off of 
Alicante Avenue.  Based on the data collected, this basin will be underlain by 
older alluvial soil.  Measured small-scale infiltration rates range from 1.1 to 2.4 
in./hr.  We recommended an unfactored infiltration rate of 1.1 in./hr be used for 
this basin.   
 
For the basin in the western portion of the site (vicinity TP-4) a small-scale 
infiltration rate of 8 in./hr was measured (Leighton, 2015).  However, the geologic 
conditions in this area are variable with granitic bedrock present at relatively 
shallow depth.  As such, infiltration within this basin is considered infeasible.  
 
At location TP-1 at a depth of 5 feet, a small-scale infiltration rate of about 5 in./hr 
was measured. 
 
We had recommended that a correction factor/safety factor be applied to all 
infiltration rates in conformance with the Riverside County Technical Guidance 
Document for WQMP, since monitoring of actual facility performance has shown 
that actual infiltration rates are lower than for small-scale tests.  The small-scale 
infiltration rate should be divided by a correction factor of at least 3, but the 
correction/safety factor may be higher based on project-specific aspects.   
 
Infiltration tests were also planned at several other areas of the site (TP-2, TP-3, 
TP-5, TP-6, TP-7, TP-9 TP-10 and TP-11).  However, granitic bedrock was 
encountered in the test pits in these areas, and infiltration at these locations is 
not considered feasible. 
 



10270.003 

- 30 - 

These values were for a clean, unsilted infiltration surface in native, sandy 
alluvial soil.  These values may be reduced over time as silting of the basin 
occurs.  Furthermore, if the basin or chamber bottom is allowed to be compacted 
by heavy equipment, this value is expected to be significantly reduced.  
Infiltration of water through soil is highly dependent on such factors as grain size 
distribution of the soil particles, particle shape, clay content, and density.  Small 
changes in soil conditions, including density, can cause large differences in 
observed infiltration rates.  
 
Based on our infiltration testing in 2015, infiltration is not suitable in compacted fill 
nor in areas underlain by bedrock at the surface or at shallow depths (10 feet or 
less). All basins currently proposed for the development are underlain by either 
bedrock or shallow bedrock and infiltration at these locations are expected to not 
be feasible. 
 

3.7 Pavement Design  
 
Based on the design procedures outlined in the current Caltrans Highway Design 
Manual, and using an assumed design R-value of 50, flexible pavement sections 
may consist of the following for the Traffic Indices indicated.  Final pavement 
design should be based on the Traffic Index determined by the project civil 
engineer and R-value testing provided near the end of grading. 
 

Asphalt Pavement Section Thickness, Type I Subgrade Soil 

Traffic Index Asphaltic Concrete (AC) 
Thickness (inches) 

Class 2 Aggregate Base 
Thickness (inches) 

Total Pavement 
Section 

Thickness 
(inches) 

5 or less 3 4 7 

6 3 4.5 7.5 

7 4 4.5 8.5  

 
All pavement construction should be performed in accordance with the Standard 
Specifications for Public Works Construction or Caltrans Specifications.  Field 
observations and periodic testing, as needed during placement of the base 
course materials, should be undertaken to ensure that the requirements of the 
standard specifications are fulfilled.   
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Prior to placement of aggregate base, the subgrade soil should be processed to 
a minimum depth of 6 inches, moisture-conditioned, as necessary, and 
recompacted to a minimum of 90 percent relative compaction.  Aggregate base 
should be moisture conditioned, as necessary, and compacted to a minimum of 
95 percent relative compaction. 
 
If the pavement is to be constructed prior to construction of the structures, we 
recommend that the full depth of the pavement section be placed in order to 
support heavy construction traffic.   

 
3.8 Temporary Excavations 
 
 All temporary excavations, including utility trenches, retaining wall excavations 

and other excavations should be performed in accordance with project plans, 
specifications and all OSHA requirements.   

 
 No surcharge loads should be permitted within a horizontal distance equal to the 

height of cut or 5 feet, whichever is greater from the top of the slope, unless the 
cut is shored appropriately.  Excavations that extend below an imaginary plane 
inclined at 45 degrees below the edge of any adjacent existing site foundation 
should be properly shored to maintain support of the adjacent structures. 

 
 Cantilever shoring should be designed based on an active equivalent fluid 

pressure of 35 pcf.  If excavations are braced at the top and at specific design 
intervals, the active pressure may then be approximated by a rectangular soil 
pressure distribution with the pressure per foot of width equal to 25H, where H is 
equal to the depth of the excavation being shored. 

 
 During construction, the soil conditions should be regularly evaluated to verify 

that conditions are as anticipated.  The contractor should be responsible for 
providing the "competent person" required by OSHA, standards to evaluate soil 
conditions.  Close coordination between the competent person and the 
geotechnical engineer should be maintained to facilitate construction while 
providing safe excavations. 
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3.9 Slope Stability 
 

Numerous manufactured cut and fill slopes are planned as part of the 
development.  Cut slopes are planned to a maximum height of about 150 feet 
excavated at 2:1 or flatter.  These slopes excavated into the existing granitic 
bedrock or older alluvial soils are expected to be grossly and surficially stable as 
designed.  However, the slopes should be mapped in detail during construction 
to confirm the geologic conditions.  Additional review and analysis of the slope 
conditions should be conducted as the project proceeds. 
 
The surficial stability of slopes to remain natural is dependent on the thickness of 
weaker surficial soils and slope gradient.  Thick accumulations of surficial soils 
on steep slopes are susceptible to surficial failures, mudflows and downhill creep 
during periods of heavy rainfall. 
 
Several areas of the development are located immediately below natural slopes 
that may experience surficial failures.  To mitigate the potential damage from 
debris flows and slumps, we recommend that debris catchment basins be 
provided where canyons and reentrants descend to the area of the development.  
In addition, we recommend that debris deflection/impact walls or earthen berms 
be constructed at the base of natural slopes adjacent to the development.  
Specific locations for construction of debris protection measures should be 
established as the project proceeds and more detailed grading plans are 
developed. 
 

3.10 Rock Fall 
 
Some of the hillsides within the site and adjacent to the development are covered 
with exposed bedrock outcrops and subrounded to rounded boulders, and there 
is a potential for surficial instability and rockfall in these areas.  In some areas, 
individual rocks or isolated out crops create a localized hazard of rock fall.  In 
other areas, a significant portion of the slope above the development is covered 
with rock out crops of loose boulders.  Areas with significant rock fall hazards are 
noted on the geotechnical map and include the natural slope north of 20th Street 
where it enters the site.  Granitic boulders at the base of this and other slopes  
are evidence of past rock fall.  Rock fall can present a hazard to improvements at 
the base of the slope if not mitigated or considered in the project design. 
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In areas with isolated rock outcrops or loose rocks, it may be possible to remove 
or break individual rocks and remove the hazard.  However in areas with 
numerous rocks on steep slopes, mitigation for the area should be provided. 
 
To mitigate the potential for rock fall in these areas, the project design should 
incorporate walls, berms, setback areas, and/or rock fences to separate the 
development from the rock fall hazard area.  Mitigation options for rock fall 
hazard include: 

 
• Implementation of a 50- to 75-foot setback from the toe of the natural slope to 

the future property line of the proposed lots and construction of a 
conventional block wall or other type of ridged fence that will provide some 
additional measure of protection from potential rockfall hazard. 

 
• Construction of a debris ditch as shown in Figure 2, drawing 2.1, with an 8-

foot-tall, 1-1/2:1 geogrid reinforced manufactured slope.  Also construct a 5-
foot-tall, top of slope conventional block wall or other type of fence that will 
provide some additional measure of protection from potential rockfall hazard.  
The toe of the manufactured slope should be a minimum 15 feet from the toe 
of the natural slope. 

 
• Construction of a debris ditch as shown in Figure 2, drawing 2.2, with a 5-

foot-tall, 2:1 manufactured slope and 5-foot-tall, top of slope impact wall.  The 
wall should be designed using an equivalent fluid pressure of 125 pcf.  The 
toe of the manufactured slope should be a minimum 15 feet from the toe of 
the natural slope. 

 
• Construction of a debris ditch as shown in Figure 2, drawing 2.3, with a 5-

foot-tall retaining wall.  The base of the wall should be a minimum of 15 feet 
from the toe of the natural slope. 

 
In general, impact walls and rock fences are generally more intrusive and 
aesthetically less appealing than a rock encatchment area or building setback.  
Building setbacks generally require more land and the loss of more space than 
rock encatchment areas, however, they can likely be used to accommodate open 
space, drainage, or greenbelt requirements. 
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The remedial alternative(s) selected for the project should be designed by the 
project civil engineer in consultation with Leighton and Associates, taking into 
consideration the specific rockfall hazards (or perceived hazard) in the area and 
site drainage characteristics.  We assume that an encatchment area would also 
serve as a drainage course for runoff from the foothills.  The actual drainage 
device should be located nearer to the toe of the natural slope as opposed to 
adjacent to the rockfall hazard remediation device.  The encatchment area can 
be constructed by elevating the lots adjacent to the hillside or by excavating a 
wide ditch or trough at the rear of the lots.  Alternative designs can also be 
considered as the project proceeds, and depending on the site conditions it may 
be possible to construct mitigation such as those noted above, but reduced in 
scale.  

 
Leighton and Associates should be consulted to identify individual rocks within 
each of the zones that should be removed or blasted as part of the rockfall 
hazard mitigation. 
 
Prospective homebuyer perception of the rockfall hazard should be considered 
when designing the rockfall remedial measures.   
 

3.11 Trench Backfill 
 

Utility-type trenches onsite can be backfilled with onsite material, provided it is 
free of debris, significant organic material and oversized material (greater than 3 
inches for trench backfill within 3 feet of a pipe, and 6 inches for trench backfill 
above).  Prior to backfilling the trench, pipes should be bedded and shaded in a 
granular material that has a sand equivalent of 30 or greater.  We recommend 
that open-graded crushed rock or similar material not be used as bedding 
material, unless special provisions are implemented to limit the migration of 
surrounding soil into the open-graded material, including the use of filter fabric 
around the open-graded material.  The bedding material should extend 12 inches 
above the top of the pipe.  The bedding/shading sand should be densified in-
place by mechanical means, or in areas where the trench walls and bottom soil 
have a minimum sand equivalent of 15, the bedding sand may be jetted.  
Bedding sand should be placed in accordance with the Standard Specifications 
for Public Works Construction – Greenbook (Public Works Standard, Inc., 2009), 
current edition.  The native soil fill should be placed in loose layers, moisture 
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conditioned, as necessary, and mechanically compacted using a minimum 
standard of 90 percent relative compaction based on ASTM D 1557.  The 
thickness of layers should be based on the compaction equipment used in 
accordance with the current Greenbook. 
 

3.12 Surface Drainage 
 

Inadequate control of runoff water and/or poorly controlled irrigation can cause 
the onsite soils to expand and/or shrink, producing heaving and/or settlement of 
foundations, flatwork, walls, and other improvements.  Maintaining adequate 
surface drainage, proper disposal of runoff water, and control of irrigation should 
help reduce the potential for future soil moisture problems. 
 

 Positive surface drainage should be designed to be directed away from 
foundations and toward approved drainage devices, such as gutters, paved 
drainage swales, or watertight area drains and collector pipes. 
 
Surface drainage should be provided to prevent ponding of water adjacent to the 
structures.  In general, the area around the buildings should slope away from the 
building.  We recommend that unpaved landscaped areas adjacent to the 
buildings be avoided.  Roof runoff should be carried to suitable drainage outlets 
by watertight drain pipes or over paved areas. 
 

3.13 Sulfate Attack and Corrosion Protection 
 
 Based on the results of previous laboratory testing (Leighton 2015), concrete 

structures in contact with the onsite soil will have negligible exposure to water-
soluble sulfates in the soil.  Type II cement may be used for concrete 
construction.  The concrete should be designed in accordance with Table 4.3.1 of 
the American Concrete Institute ACI 318-14 provisions (ACI, 2014). 

 
Based on our previous laboratory testing, the onsite soil is considered to be 
moderately corrosive to ferrous metals.  Corrosion information presented in this 
report should be provided to your underground utility subcontractors.  Additional 
testing and evaluation by a corrosion engineer may be warranted if corrosion 
protection is considered critical to the project. 
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3.14 Additional Geotechnical Services 
 
 The preliminary geotechnical recommendations presented in this report are 

based on subsurface conditions as interpreted from limited subsurface 
explorations and limited laboratory testing.  Our preliminary geotechnical 
recommendations provided in this report are based on information available at 
the time the report was prepared and may change as plans are developed.  
Additional geotechnical investigation and analysis will be required based as the 
project proceeds and grading plans are prepared.  Leighton should review the 
site and grading plans when available and comment further on the geotechnical 
aspects of the project.  Geotechnical observation and testing should be 
conducted during excavation and all phases of grading operations.  Our 
conclusions and preliminary recommendations should be reviewed and verified 
by Leighton during construction and revised accordingly if geotechnical 
conditions encountered vary from our preliminary findings and interpretations. 
Geotechnical observation and testing should be provided: 

 
• After completion of site clearing. 
• During overexcavation of compressible soil. 
• During compaction of all fill materials. 
• After excavation of all footings and prior to placement of concrete. 
• During utility trench backfilling and compaction. 
• During pavement subgrade and base preparation. 
• When any unusual conditions are encountered. 
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4.0  LIMITATIONS 

This report was based in part on data obtained from a limited number of observations, 
site visits, soil excavations, samples, and tests.  Such information is, by necessity, 
incomplete.  The nature of many sites is such that differing soil or geologic conditions 
can be present within small distances and under varying climatic conditions.  Changes 
in subsurface conditions can and do occur over time.  Therefore, our findings, 
conclusions, and recommendations presented in this report are based on the 
assumption that Leighton and Associates, Inc. will conduct additional geotechnical 
studies and the project proceeds and will provide geotechnical observation and testing 
during construction. 

This report was prepared for the sole use of Richland Communities, Inc. for application 
to the design of the proposed residential development in accordance with generally 
accepted geotechnical engineering practices at this time in California. 

See the Important Information About This Geotechnical-Engineering Report (from the 
Geotechnical Business Council) insert on the following page for important information 
about this geotechnical engineering report. 



Geotechnical-Engineering Report
Important Information about This

Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 

While you cannot eliminate all such risks, you can manage them. The following information is provided to help.

The Geoprofessional Business Association (GBA) 
has prepared this advisory to help you – assumedly 
a client representative – interpret and apply this 
geotechnical-engineering report as effectively 
as possible. In that way, clients can benefit from 
a lowered exposure to the subsurface problems 
that, for decades, have been a principal cause of 
construction delays, cost overruns, claims, and 
disputes.  If you have questions or want more 
information about any of the issues discussed below, 
contact your GBA-member geotechnical engineer. 
Active involvement in the Geoprofessional Business 
Association exposes geotechnical engineers to a 
wide array of risk-confrontation techniques that can 
be of genuine benefit for everyone involved with a 
construction project. 

Geotechnical-Engineering Services Are Performed for 
Specific Purposes, Persons, and Projects
Geotechnical engineers structure their services to meet the specific 
needs of their clients. A geotechnical-engineering study conducted 
for a given civil engineer will not likely meet the needs of a civil-
works constructor or even a different civil engineer. Because each 
geotechnical-engineering study is unique, each geotechnical-
engineering report is unique, prepared solely for the client. Those who 
rely on a geotechnical-engineering report prepared for a different client 
can be seriously misled. No one except authorized client representatives 
should rely on this geotechnical-engineering report without first 
conferring with the geotechnical engineer who prepared it. And no one 
– not even you – should apply this report for any purpose or project except
the one originally contemplated.

Read this Report in Full
Costly problems have occurred because those relying on a geotechnical
engineering report did not read it in its entirety. Do not rely on an 
executive summary. Do not read selected elements only. Read this report 
in full.

You Need to Inform Your Geotechnical Engineer 
about Change
Your geotechnical engineer considered unique, project-specific factors 
when designing the study behind this report and developing the 
confirmation-dependent recommendations the report conveys. A few 
typical factors include: 
• the client’s goals, objectives, budget, schedule, and 

risk-management preferences; 
• the general nature of the structure involved, its size, 

configuration, and performance criteria; 
• the structure’s location and orientation on the site; and 
• other planned or existing site improvements, such as 

retaining walls, access roads, parking lots, and 
underground utilities. 

Typical changes that could erode the reliability of this report include 
those that affect:
• the site’s size or shape;
• the function of the proposed structure, as when it’s 

changed from a parking garage to an office building, or 
from a light-industrial plant to a refrigerated warehouse;

• the elevation, configuration, location, orientation, or 
weight of the proposed structure;

• the composition of the design team; or
• project ownership.

As a general rule, always inform your geotechnical engineer of project 
changes – even minor ones – and request an assessment of their 
impact. The geotechnical engineer who prepared this report cannot accept 
responsibility or liability for problems that arise because the geotechnical 
engineer was not informed about developments the engineer otherwise 
would have considered. 

This Report May Not Be Reliable
Do not rely on this report if your geotechnical engineer prepared it:
• for a different client;
• for a different project;
• for a different site (that may or may not include all or a 

portion of the original site); or 
• before important events occurred at the site or adjacent 

to it; e.g., man-made events like construction or 
environmental remediation, or natural events like floods, 
droughts, earthquakes, or groundwater fluctuations.

Note, too, that it could be unwise to rely on a geotechnical-engineering 
report whose reliability may have been affected by the passage of time, 
because of factors like changed subsurface conditions; new or modified 
codes, standards, or regulations; or new techniques or tools. If your 
geotechnical engineer has not indicated an “apply-by” date on the report, 
ask what it should be, and, in general, if you are the least bit uncertain 
about the continued reliability of this report, contact your geotechnical 
engineer before applying it. A minor amount of additional testing or 
analysis – if any is required at all – could prevent major problems.

Most of the “Findings” Related in This Report Are 
Professional Opinions
Before construction begins, geotechnical engineers explore a site’s 
subsurface through various sampling and testing procedures. 
Geotechnical engineers can observe actual subsurface conditions only at 
those specific locations where sampling and testing were performed. The 
data derived from that sampling and testing were reviewed by your 
geotechnical engineer, who then applied professional judgment to 
form opinions about subsurface conditions throughout the site. Actual 
sitewide-subsurface conditions may differ – maybe significantly – from 
those indicated in this report. Confront that risk by retaining your 
geotechnical engineer to serve on the design team from project start to 
project finish, so the individual can provide informed guidance quickly, 
whenever needed. 



This Report’s Recommendations Are 
Confirmation-Dependent
The recommendations included in this report – including any options 
or alternatives – are confirmation-dependent. In other words, they are 
not final, because the geotechnical engineer who developed them relied 
heavily on judgment and opinion to do so. Your geotechnical engineer 
can finalize the recommendations only after observing actual subsurface 
conditions revealed during construction. If through observation your 
geotechnical engineer confirms that the conditions assumed to exist 
actually do exist, the recommendations can be relied upon, assuming 
no other changes have occurred. The geotechnical engineer who prepared 
this report cannot assume responsibility or liability for confirmation-
dependent recommendations if you fail to retain that engineer to perform 
construction observation.

This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a full-time member of the 
design team, to: 
• confer with other design-team members, 
• help develop specifications, 
• review pertinent elements of other design professionals’ 

plans and specifications, and 
• be on hand quickly whenever geotechnical-engineering 

guidance is needed. 

You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction 
observation.

Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 
conspicuously that you’ve included the material for informational 
purposes only. To avoid misunderstanding, you may also want to note 
that “informational purposes” means constructors have no right to rely 
on the interpretations, opinions, conclusions, or recommendations in 
the report, but they may rely on the factual data relative to the specific 
times, locations, and depths/elevations referenced.  Be certain that 
constructors know they may learn about specific project requirements, 
including options selected from the report, only from the design 
drawings and specifications. Remind constructors that they may 

perform their own studies if they want to, and be sure to allow enough 
time to permit them to do so. Only then might you be in a position 
to give constructors the information available to you, while requiring 
them to at least share some of the financial responsibilities stemming 
from unanticipated conditions. Conducting prebid and preconstruction 
conferences can also be valuable in this respect. 

Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. That lack of understanding has nurtured 
unrealistic expectations that have resulted in disappointments, delays, 
cost overruns, claims, and disputes. To confront that risk, geotechnical 
engineers commonly include explanatory provisions in their reports. 
Sometimes labeled “limitations,” many of these provisions indicate 
where geotechnical engineers’ responsibilities begin and end, to help 
others recognize their own responsibilities and risks. Read these 
provisions closely. Ask questions. Your geotechnical engineer should 
respond fully and frankly.

Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform 
a geotechnical-engineering study. For that reason, a geotechnical-
engineering report does not usually relate any environmental findings, 
conclusions, or recommendations; e.g., about the likelihood of 
encountering underground storage tanks or regulated contaminants. 
Unanticipated subsurface environmental problems have led to project 
failures. If you have not yet obtained your own environmental 
information, ask your geotechnical consultant for risk-management 
guidance. As a general rule, do not rely on an environmental report 
prepared for a different client, site, or project, or that is more than six 
months old.

Obtain Professional Assistance to Deal with Moisture 
Infiltration and Mold
While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, none of the engineer’s 
services were designed, conducted, or intended to prevent uncontrolled 
migration of moisture – including water vapor – from the soil through 
building slabs and walls and into the building interior, where it can 
cause mold growth and material-performance deficiencies. Accordingly, 
proper implementation of the geotechnical engineer’s recommendations 
will not of itself be sufficient to prevent moisture infiltration. Confront 
the risk of moisture infiltration by including building-envelope or mold 
specialists on the design team. Geotechnical engineers are not building-
envelope or mold specialists.

Copyright 2016 by Geoprofessional Business Association (GBA). Duplication, reproduction, or copying of this document, in whole or in part, by any means whatsoever, is strictly 
prohibited, except with GBA’s specific written permission. Excerpting, quoting, or otherwise extracting wording from this document is permitted only with the express written permission 
of GBA, and only for purposes of scholarly research or book review. Only members of GBA may use this document or its wording as a complement to or as an element of a report of any 

kind. Any other firm, individual, or other entity that so uses this document without being a GBA member could be committing negligent

Telephone: 301/565-2733
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SUMMARY OF SECONDARY SEISMIC HAZARD ANALYSIS 
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Unified Hazard Tool

 Input

U.S. Geological Survey - Earthquake Hazards Program

Please do not use this tool to obtain ground motion parameter values for the
design code
reference documents covered by the U.S. Seismic Design Maps web tools (e.g., the
International
Building Code and the ASCE 7 or 41 Standard). The values returned by the two
applications are not identical.



Edition

Dynamic: Conterminous U.S. 2014 (u…

Latitude
Decimal degrees

34.0282

Longitude
Decimal degrees, negative values for western longitudes

-117.4038

Site Class

259 m/s (Site class D)

Spectral Period

Peak Ground Acceleration

Time Horizon
Return period in years

2475
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 Hazard Curve

View Raw Data

Hazard Curves

Time Horizon 2475 years
Peak Ground Acceleration
0.10 Second Spectral Acceleration
0.20 Second Spectral Acceleration
0.30 Second Spectral Acceleration
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5.00 Second Spectral Acceleration
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 Deaggregation

Component

Total
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Summary statistics for, Deaggregation: Total

Deaggregation targets

Return period: 2475 yrs
Exceedance rate: 0.0004040404 yr⁻¹
PGA ground motion: 0.83467655 g

Recovered targets

Return period: 3134.0202 yrs
Exceedance rate: 0.00031907899 yr⁻¹

Totals

Binned: 100 %
Residual: 0 %
Trace: 0.04 %

Mean (over all sources)

m: 7
r: 12.39 km
ε₀: 1.77 σ

Mode (largest m-r bin)

m: 8.1
r: 13.64 km
ε₀: 1.52 σ
Contribution: 17.92 %

Mode (largest m-r-ε₀ bin)

m: 8.1
r: 10.99 km
ε₀: 1.29 σ
Contribution: 9.27 %

Discretization

r: min = 0.0, max = 1000.0, Δ = 20.0 km
m: min = 4.4, max = 9.4, Δ = 0.2
ε: min = -3.0, max = 3.0, Δ = 0.5 σ

Epsilon keys

ε0: [-∞ .. -2.5)
ε1: [-2.5 .. -2.0)
ε2: [-2.0 .. -1.5)
ε3: [-1.5 .. -1.0)
ε4: [-1.0 .. -0.5)
ε5: [-0.5 .. 0.0)
ε6: [0.0 .. 0.5)
ε7: [0.5 .. 1.0)
ε8: [1.0 .. 1.5)
ε9: [1.5 .. 2.0)
ε10: [2.0 .. 2.5)
ε11: [2.5 .. +∞]
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Deaggregation Contributors

Source Set   Source Type r m ε0 lon lat az %

UC33brAvg_FM31 System 29.71
San Jacinto (San Bernardino) [3] 10.84 8.03 1.42 117.316°W 34.092°N 48.57 15.65
San Andreas (San Bernardino N) [4] 20.00 7.86 1.95 117.287°W 34.180°N 32.40 6.88
San Andreas (North Branch Mill Creek) [0] 19.59 8.01 1.74 117.270°W 34.171°N 37.63 1.54
Fontana (Seismicity) [1] 9.56 6.59 1.91 117.477°W 34.087°N 314.13 1.32

UC33brAvg_FM32 System 29.52
San Jacinto (San Bernardino) [3] 10.84 8.03 1.42 117.316°W 34.092°N 48.57 15.57
San Andreas (San Bernardino N) [4] 20.00 7.87 1.95 117.287°W 34.180°N 32.40 6.95
San Andreas (North Branch Mill Creek) [0] 19.59 8.01 1.74 117.270°W 34.171°N 37.63 1.61
Fontana (Seismicity) [1] 9.56 6.59 1.91 117.477°W 34.087°N 314.13 1.09

UC33brAvg_FM31 (opt) Grid 20.41
PointSourceFinite: -117.404, 34.060 6.15 5.68 1.61 117.404°W 34.060°N 0.00 4.75
PointSourceFinite: -117.404, 34.060 6.15 5.68 1.61 117.404°W 34.060°N 0.00 4.75
PointSourceFinite: -117.404, 34.096 8.81 5.68 2.01 117.404°W 34.096°N 0.00 2.17
PointSourceFinite: -117.404, 34.096 8.81 5.68 2.01 117.404°W 34.096°N 0.00 2.17
PointSourceFinite: -117.404, 34.123 10.81 5.84 2.19 117.404°W 34.123°N 0.00 1.18
PointSourceFinite: -117.404, 34.123 10.81 5.84 2.19 117.404°W 34.123°N 0.00 1.18

UC33brAvg_FM32 (opt) Grid 20.37
PointSourceFinite: -117.404, 34.060 6.15 5.68 1.61 117.404°W 34.060°N 0.00 4.75
PointSourceFinite: -117.404, 34.060 6.15 5.68 1.61 117.404°W 34.060°N 0.00 4.75
PointSourceFinite: -117.404, 34.096 8.81 5.68 2.01 117.404°W 34.096°N 0.00 2.17
PointSourceFinite: -117.404, 34.096 8.81 5.68 2.01 117.404°W 34.096°N 0.00 2.17
PointSourceFinite: -117.404, 34.123 10.82 5.84 2.19 117.404°W 34.123°N 0.00 1.18
PointSourceFinite: -117.404, 34.123 10.82 5.84 2.19 117.404°W 34.123°N 0.00 1.18
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
1.0 General 
 
 1.1 Intent:  These General Earthwork and Grading Specifications are for the grading and 

earthwork shown on the approved grading plan(s) and/or indicated in the 
geotechnical report(s).  These Specifications are a part of the recommendations 
contained in the geotechnical report(s).  In case of conflict, the specific 
recommendations in the geotechnical report shall supersede these more general 
Specifications.  Observations of the earthwork by the project Geotechnical 
Consultant during the course of grading may result in new or revised 
recommendations that could supersede these specifications or the recommendations 
in the geotechnical report(s).   

 
 1.2 The Geotechnical Consultant of Record:  Prior to commencement of work, the 

owner shall employ the Geotechnical Consultant of Record (Geotechnical 
Consultant).  The Geotechnical Consultants shall be responsible for reviewing the 
approved geotechnical report(s) and accepting the adequacy of the preliminary 
geotechnical findings, conclusions, and recommendations prior to the 
commencement of the grading. 

 
  Prior to commencement of grading, the Geotechnical Consultant shall review the 

"work plan" prepared by the Earthwork Contractor (Contractor) and schedule 
sufficient personnel to perform the appropriate level of observation, mapping, and 
compaction testing. 

 
  During the grading and earthwork operations, the Geotechnical Consultant shall 

observe, map, and document the subsurface exposures to verify the geotechnical 
design assumptions.  If the observed conditions are found to be significantly 
different than the interpreted assumptions during the design phase, the Geotechnical 
Consultant shall inform the owner, recommend appropriate changes in design to 
accommodate the observed conditions, and notify the review agency where required. 
 Subsurface areas to be geotechnically observed, mapped, elevations recorded, 
and/or tested include natural ground after it has been cleared for receiving fill but 
before fill is placed, bottoms of all "remedial removal" areas, all key bottoms, and 
benches made on sloping ground to receive fill. 

 
  The Geotechnical Consultant shall observe the moisture-conditioning and 

processing of the subgrade and fill materials and perform relative compaction 
testing of fill to determine the attained level of compaction.  The Geotechnical 
Consultant shall provide the test results to the owner and the Contractor on a routine 
and frequent basis. 
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
 1.3 The Earthwork Contractor:  The Earthwork Contractor (Contractor) shall be 

qualified, experienced, and knowledgeable in earthwork logistics, preparation and 
processing of ground to receive fill, moisture-conditioning and processing of fill, 
and compacting fill.  The Contractor shall review and accept the plans, geotechnical 
report(s), and these Specifications prior to commencement of grading.  The  

 
  Contractor shall be solely responsible for performing the grading in accordance with 

the plans and specifications. 
 
  The Contractor shall prepare and submit to the owner and the Geotechnical 

Consultant a work plan that indicates the sequence of earthwork grading, the 
number of "spreads" of work and the estimated quantities of daily earthwork 
contemplated for the site prior to commencement of grading.  The Contractor shall 
inform the owner and the Geotechnical Consultant of changes in work schedules 
and updates to the work plan at least 24 hours in advance of such changes so that 
appropriate observations and tests can be planned and accomplished.  The 
Contractor shall not assume that the Geotechnical Consultant is aware of all grading 
operations. 

 
  The Contractor shall have the sole responsibility to provide adequate equipment and 

methods to accomplish the earthwork in accordance with the applicable grading 
codes and agency ordinances, these Specifications, and the recommendations in the 
approved geotechnical report(s) and grading plan(s).  If, in the opinion of the 
Geotechnical Consultant, unsatisfactory conditions, such as unsuitable soil, 
improper moisture condition, inadequate compaction, insufficient buttress key size, 
adverse weather, etc., are resulting in a quality of work less than required in these 
specifications, the Geotechnical Consultant shall reject the work and may 
recommend to the owner that construction be stopped until the conditions are 
rectified. 

 
2.0 Preparation of Areas to be Filled 
 
 2.1 Clearing and Grubbing:  Vegetation, such as brush, grass, roots, and other 

deleterious material shall be sufficiently removed and properly disposed of in a 
method acceptable to the owner, governing agencies, and the Geotechnical 
Consultant. 

 
  The Geotechnical Consultant shall evaluate the extent of these removals depending 

on specific site conditions.  Earth fill material shall not contain more than 1 percent 
of organic materials (by volume).  No fill lift shall contain more than 5 percent of 
organic matter.  Nesting of the organic materials shall not be allowed. 
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
  If potentially hazardous materials are encountered, the Contractor shall stop work in 

the affected area, and a hazardous material specialist shall be informed immediately 
for proper evaluation and handling of these materials prior to continuing to work in 
that area. 

 
  As presently defined by the State of California, most refined petroleum products 

(gasoline, diesel fuel, motor oil, grease, coolant, etc.) have chemical constituents 
that are considered to be hazardous waste.   As such, the indiscriminate dumping or 
spillage of these fluids onto the ground may constitute a misdemeanor, punishable 
by fines and/or imprisonment, and shall not be allowed. 

 
 2.2 Processing:  Existing ground that has been declared satisfactory for support of fill by 

the Geotechnical Consultant shall be scarified to a minimum depth of 6 inches.  
Existing ground that is not satisfactory shall be overexcavated as specified in the 
following section.  Scarification shall continue until soils are broken down and free 
of large clay lumps or clods and the working surface is reasonably uniform, flat, and 
free of uneven features that would inhibit uniform compaction. 

 
 2.3 Overexcavation:  In addition to removals and overexcavations recommended in the 

approved geotechnical report(s) and the grading plan, soft, loose, dry, saturated, 
spongy, organic-rich, highly fractured or otherwise unsuitable ground shall be 
overexcavated to competent ground as evaluated by the Geotechnical Consultant 
during grading. 

 
 2.4 Benching:  Where fills are to be placed on ground with slopes steeper than 5:1 

(horizontal to vertical units), the ground shall be stepped or benched.  Please see the 
Standard Details for a graphic illustration.  The lowest bench or key shall be a 
minimum of 15 feet wide and at least 2 feet deep, into competent material as 
evaluated by the Geotechnical Consultant.  Other benches shall be excavated a 
minimum height of 4 feet into competent material or as otherwise recommended by 
the Geotechnical Consultant.  Fill placed on ground sloping flatter than 5:1 shall 
also be benched or otherwise overexcavated to provide a flat subgrade for the fill.   

 
 2.5 Evaluation/Acceptance of Fill Areas:  All areas to receive fill, including removal 

and processed areas, key bottoms, and benches, shall be observed, mapped, 
elevations recorded, and/or tested prior to being accepted by the Geotechnical 
Consultant as suitable to receive fill.  The Contractor shall obtain a written 
acceptance from the Geotechnical Consultant prior to fill placement.  A licensed 
surveyor shall provide the survey control for determining elevations of processed 
areas, keys, and benches. 
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LEIGHTON AND ASSOCIATES, INC. 
General Earthwork and Grading Specifications 
 
3.0 Fill Material 
 
 3.1 General:  Material to be used as fill shall be essentially free of organic matter and 

other deleterious substances evaluated and accepted by the Geotechnical Consultant 
prior to placement.  Soils of poor quality, such as those with unacceptable gradation, 
high expansion potential, or low strength shall be placed in areas acceptable to the 
Geotechnical Consultant or mixed with other soils to achieve satisfactory fill 
material. 

 
 3.2 Oversize:  Oversize material defined as rock, or other irreducible material with a 

maximum dimension greater than 8 inches, shall not be buried or placed in fill 
unless location, materials, and placement methods are specifically accepted by the 
Geotechnical Consultant.  Placement operations shall be such that nesting of 
oversized material does not occur and such that oversize material is completely 
surrounded by compacted or densified fill.  Oversize material shall not be placed 
within 10 vertical feet of finish grade or within 2 feet of future utilities or 
underground construction. 

 
 3.3 Import:  If importing of fill material is required for grading, proposed import 

material shall meet the requirements of Section 3.1.  The potential import source 
shall be given to the Geotechnical Consultant at least 48 hours (2 working days) 
before importing begins so that its suitability can be determined and appropriate 
tests performed. 

 
4.0 Fill Placement and Compaction 
 
 4.1 Fill Layers:  Approved fill material shall be placed in areas prepared to receive fill 

(per Section 3.0) in near-horizontal layers not exceeding 8 inches in loose thickness. 
 The Geotechnical Consultant may accept thicker layers if testing indicates the 
grading procedures can adequately compact the thicker layers.  Each layer shall be 
spread evenly and mixed thoroughly to attain relative uniformity of material and 
moisture throughout. 

 
 4.2 Fill Moisture Conditioning:  Fill soils shall be watered, dried back, blended, and/or 

mixed, as necessary to attain a relatively uniform moisture content at or slightly over 
optimum.  Maximum density and optimum soil moisture content tests shall be 
performed in accordance with the American Society of Testing and Materials 
(ASTM Test Method D1557-91). 
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General Earthwork and Grading Specifications 
 
 4.3 Compaction of Fill:  After each layer has been moisture-conditioned, mixed, and 

evenly spread, it shall be uniformly compacted to not less than 90 percent of 
maximum dry density (ASTM Test Method D1557-91).  Compaction equipment 
shall be adequately sized and be either specifically designed for soil compaction or 
of proven reliability to efficiently achieve the specified level of compaction with 
uniformity. 

 
 4.4 Compaction of Fill Slopes:   In addition to normal compaction procedures specified 

above, compaction of slopes shall be accomplished by backrolling of slopes with 
sheepsfoot rollers at increments of 3 to 4 feet in fill elevation, or by other methods 
producing satisfactory results acceptable to the Geotechnical Consultant.  Upon 
completion of grading, relative compaction of the fill, out to the slope face, shall be 
at least 90 percent of maximum density per ASTM Test Method D1557-91. 

 
 4.5 Compaction Testing:  Field tests for moisture content and relative compaction of the 

fill soils shall be performed by the Geotechnical Consultant.  Location and 
frequency of tests shall be at the Consultant's discretion based on field conditions 
encountered.  Compaction test locations will not necessarily be selected on a 
random basis.  Test locations shall be selected to verify adequacy of compaction 
levels in areas that are judged to be prone to inadequate compaction (such as close 
to slope faces and at the fill/bedrock benches). 

 
 4.6 Frequency of Compaction Testing:  Tests shall be taken at intervals not exceeding 

2 feet in vertical rise and/or 1,000 cubic yards of compacted fill soils embankment.  
In addition, as a guideline, at least one test shall be taken on slope faces for each 
5,000 square feet of slope face and/or each 10 feet of vertical height of slope.  The 
Contractor shall assure that fill construction is such that the testing schedule can be 
accomplished by the Geotechnical Consultant.  The Contractor shall stop or slow 
down the earthwork construction if these minimum standards are not met.   

 
 4.7 Compaction Test Locations:  The Geotechnical Consultant shall document the 

approximate elevation and horizontal coordinates of each test location.  The 
Contractor shall coordinate with the project surveyor to assure that sufficient grade 
stakes are established so that the Geotechnical Consultant can determine the test 
locations with sufficient accuracy.  At a minimum, two grade stakes within a 
horizontal distance of 100 feet and vertically less than 5 feet apart from potential test 
locations shall be provided. 
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5.0 Subdrain Installation 
 
 Subdrain systems shall be installed in accordance with the approved geotechnical report(s), 

the grading plan, and the Standard Details.  The Geotechnical Consultant may recommend 
additional subdrains and/or changes in subdrain extent, location, grade, or material 
depending on conditions encountered during grading.  All subdrains shall be surveyed by a 
land surveyor/civil engineer for line and grade after installation and prior to burial.  
Sufficient time should be allowed by the Contractor for these surveys. 

 
6.0 Excavation 
 
 Excavations, as well as over-excavation for remedial purposes, shall be evaluated by the 

Geotechnical Consultant during grading.  Remedial removal depths shown on geotechnical 
plans are estimates only.  The actual extent of removal shall be determined by the 
Geotechnical Consultant based on the field evaluation of exposed conditions during 
grading.  Where fill-over-cut slopes are to be graded, the cut portion of the slope shall be 
made, evaluated, and accepted by the Geotechnical Consultant prior to placement of 
materials for construction of the fill portion of the slope, unless otherwise recommended by 
the Geotechnical Consultant. 

 
7.0 Trench Backfills 
 
 7.1 Safety:  The Contractor shall follow all OHSA and Cal/OSHA requirements for 

safety of trench excavations. 
 
 7.2 Bedding and Backfill:  All bedding and backfill of utility trenches shall be done in 

accordance with the applicable provisions of Standard Specifications of Public 
Works Construction.  Bedding material shall have a Sand Equivalent greater than 30 
(SE>30).  The bedding shall be placed to 1 foot over the top of the conduit and 
densified by jetting.  Backfill shall be placed and densified to a minimum of 
90 percent of maximum from 1 foot above the top of the conduit to the surface. 

 
  The Geotechnical Consultant shall test the trench backfill for relative compaction.  

At least one test should be made for every 300 feet of trench and 2 feet of fill. 
 
 7.3 Lift Thickness:  Lift thickness of trench backfill shall not exceed those allowed in 

the Standard Specifications of Public Works Construction unless the Contractor can 
demonstrate to the Geotechnical Consultant that the fill lift can be compacted to the 
minimum relative compaction by his alternative equipment and method. 

 
7.4 Observation and Testing:  The jetting of the bedding around the conduits shall be 

observed by the Geotechnical Consultant. 
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MANAGEMENT SUMMARY 

In compliance with CEQA and other regulations, L & L Environmental, Inc. (L&L) was retained to 

perform an updated records/literature review of paleontologic resources known to exist on or 

near the project area, as well as a paleontological field survey to identify any previously 

unrecorded paleontologic resources that may exist there.  The goal of this study was to identify 

all paleontological resources situated within the boundaries of the project area.  A 

paleontological records search and a field survey were completed. 

The property is located in the City of Jurupa Valley within the County of Riverside.  The property 

is located east of Armstrong Road and north of the 60 freeway. 

The parcel is underlain by metasedimentary rocks, plutonic rocks of the Peninsular Ranges, 

dike rocks, and older surficial sediments.  Those rocks originating from igneous processes 

(cooled from magma), which is what cover most of the site, do not generally contain fossils and 

do not require monitoring during excavation.  However, areas around the outer edges of the site 

that contain Quaternary older alluvial fan deposits are considered to have high potential to 

contain significant fossil material and require monitoring during earthmoving activities.  Because 

of this potential, any excavation in these areas should be monitored by a qualified 

paleontologist.  The recommended Paleontologic Resource Impact Mitigation Plan (PRIMP) for 

the project is included in Appendix B. 
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1.0)  INTRODUCTION AND SETTING 

1.1)  Introduction 

This report provides the results of the paleontological resources inventory for the proposed 

development of ±600 acres of a ±913-acre group of parcels with housing units in the City of 

Jurupa Valley in the County of Riverside, California.  State law, as set forth in the California 

Environmental Quality Act (CEQA) of 1970, requires public agencies not approve projects as 

proposed unless there are feasible alternatives or mitigation measures available that would 

substantially lessen significant environmental effects of such projects (Chapter 1, Section 

21002).  The California Public Resources Code 5097 protects vertebrate fossil sites, including 

fossilized footprints or any other paleontologic feature, situated on public land.  Typical 

California requirements for paleontologic resource investigations and impact mitigation are 

outlined in Chapter 12.5, California Business and Professions Code, and Title 20, California 

Code of Regulations, Section 2012 et seq. 

In compliance with CEQA and other regulations, L & L Environmental, Inc. (L&L) was retained to 

perform an updated records/literature review of paleontologic resources known to exist on or 

near the project area, as well as a paleontological field survey to identify any previously 

unrecorded paleontologic resources that may exist there.  The paleontologic resources 

inventory, presented herein, consists of the results of the paleontological record/literature review 

and the results of the paleontological field survey of the project parcels. 

1.2)  Project Goals 

The goal of this study was to identify all paleontological resources situated within the boundaries 

of the project area.  This information is required, since construction of the project could 

adversely affect such resources. 

The paleontological resource study consisted of: 

 (1) A paleontological records search, conducted to determine whether any previously 

recorded significant fossil bearing formations underlie the subject parcel. 

(2) Paleontological field reconnaissance in the form of a meandering pedestrian survey 

designed to confirm the lithologic units and to determine if any fossils are exposed at 

the surface. 
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1.3)  Location 

The property is located in the City of Jurupa Valley within the County of Riverside (Figure 1).  

The property is located east of Armstrong Road and north of the 60 freeway.  The property is 

located in the parts of Sections 3 and 4 and interpolated Sections 9 and 10 in Rancho Jurupa, 

Township 2 south, Range 5 west, USGS Fontana quadrangle (Figure 2).  The 913-acre project 

area can be accessed from the 60 freeway by taking the Rubidoux Boulevard exit north and 

then taking one of many roads (28th Street, 20th Street, . . . ) leading to the west where the 

project site is located. 

1.4)  Water Resources 

No mapped blueline streams are located within the property boundaries.  No springs or seeps 

appear on the topographic map.  The closest source of water is the ponds at the Oak Quarry 

Golf Club (approximately 1 mile west of the site) or the Santa Ana River (approximately 1.3 

miles east). 
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2.0)  REGULATORY BACKGROUND 

The paleontological resource of a rock encompasses any evidence preserved in the rock of 

once living organisms.  As recognized here, this pertains to fossils preserved either as 

impressions of soft or hard parts, mineralized remains of hard parts, tracks, burrows, or other 

trace fossils, coprolites, seeds or pollen, and other microfossils.  These organisms may have 

been terrestrial, aquatic, or aerial in life habit. 

Fossils are an important resource to science, as they are useful in demonstrating and 

documenting the evolution of particular groups of organisms.  Fossil remains enable geologists 

to reconstruct the environment in which the organisms lived and hence the environment during 

deposition of the rock.  Fossils are also extremely useful in determining the age of the rock in 

which they are preserved.  Paleontological resources include fossil remains, fossil localities, and 

formations that have produced fossil material in other nearby areas.  The paleontological 

resource is a limited, nonrenewable, sensitive scientific and educational resource afforded 

protection under federal, state, and local legislation and policies. 

2.1)  Paleontologic Resource Requirements Under CEQA 

The California Environmental Quality Act (CEQA) requires a lead agency to determine whether 

a project may have a significant effect on paleontological resources.  State of California 

environmental regulations (California Environmental Quality Act [CEQA], Section 15064.5, 

Appendix G) address construction activities that may impact paleontological resources.  

Appendix G provides a checklist of questions that a lead agency should normally address if 

relevant to a project’s environmental impacts.  A relevant section of Appendix G that addresses 

an analysis of Geology and Paleontology is Section (V) (c), which asks if the project will directly 

or indirectly destroy a unique paleontological resource or site or unique geological feature. 

2.2)  County of Riverside Requirements 

On October 25, 2011 the Riverside County Board of Supervisors voted to approve the SABER 

Policy (Safeguard Artifacts Being Excavated in Riverside County).  The policy mandates 

preferential transfer of paleontological fossils to the Western Science Center located in the City 

of Hemet. 

The policy also directs that the following condition be implemented when applicable: “The 

property owner and/or applicant on whose land the paleontological fossils are discovered shall 
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provide appropriate funding for monitoring, reporting, delivery and curating the fossils at the 

institution where the fossils will be placed, and will provide confirmation to the County that such 

funding has been paid to the institution.” 

2.3)  City of Jurupa Valley Requirements 

The newly formed City of Jurupa Valley would continue to be compliant with the following 

policies of the County of Riverside General Plan’s Multipurpose Open Space Element (Kelly 

2009): 

OS 19.9: This policy requires that when existing information indicates that a site 
proposed for development may contain paleontological resources, a paleontologist shall 
monitor site grading activities, with the authority to halt grading to collect uncovered 
paleontological resources, curate any resources collected with an appropriate repository, 
and file a report with the Planning Department documenting any paleontological 
resources that are found during the course of site grading. 

2.4)  Professional Standards 

Within the Society of Vertebrate Paleontology (SVP) are guidelines titled, “The Assessment and 

Mitigation of Adverse Impacts to Non-Renewable Paleontologic Resources.”  They are a set of 

procedures and standards for assessing and mitigating impacts to vertebrate paleontological 

resources (SVP 2010). 

Paleontological sensitivity is defined as the potential for a geologic unit to produce scientifically 

significant fossils.  This is determined by rock type, past history of the geologic unit in producing 

significant fossils, and fossil localities recorded from that unit.  Paleontological sensitivity is 

derived from the known fossil data collected from the entire geologic unit, not just from a specific 

survey.  In its “Standard Guidelines for the Assessment and Mitigation of Adverse Impacts to 

Nonrenewable Paleontologic Resources,” the SVP (2010) defines four categories of 

paleontological sensitivity (potential) for sedimentary rock units: high, low, and undetermined: 

• High Potential:  Rock units from which vertebrate or significant invertebrate fossils or 

suites of plant fossils have been recovered and are considered to have a high potential 

for containing significant nonrenewable fossiliferous resources.  These units include, but 

are not limited to, sedimentary formations and some volcanic formations that contain 

significant nonrenewable paleontological resources anywhere within their geographical 

extent and sedimentary rock units temporally or lithologically suitable for the 

preservation of fossils.  Sensitivity comprises both (a) the potential for yielding abundant 

or significant vertebrate fossils or for yielding a few significant fossils, large or small, 
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vertebrate, invertebrate, or botanical, and (b) the importance of recovered evidence for 

new and significant taxonomic, phylogenetic, ecologic, or stratigraphic data.  Areas that 

contain potentially datable organic remains older than Recent, including deposits 

associated with nests or middens, and areas that may contain new vertebrate deposits, 

traces, or trackways are also classified as significant. 

• Low Potential:  Reports in the paleontologic literature or field surveys by a qualified 

vertebrate paleontologist may allow determination that some areas or units have low 

potentials for yielding significant fossils.  Such units will be poorly represented by 

specimens in institutional collections. 

• No Potential: Some rock units have no potential to contain significant paleontological 

resources, for instance high-grade metamorphic rocks (such as gneisses and schists) 

and plutonic igneous rocks (such as granites and diorites).  Rock units with no potential 

require no protection or impact mitigation measures relative to paleontological 

resources. 

• Undetermined Potential:  Specific areas underlain by sedimentary rock units for which 

little information is available are considered to have undetermined fossiliferous 

potentials. 

Note that highly metamorphosed rocks and granitic rock units generally do not yield fossils and 

therefore have no potential to yield significant nonrenewable fossiliferous resources. 

For geologic units with high potential, full-time monitoring is recommended during any project-

related ground disturbance, including initial ground clearing/vegetation removal where resources 

maybe present at or near the surface.  Where sediments have clay or other indurating 

substances, the monitor will periodically wet screen and check for microvertebrate fossils using 

a 10x hand lens (loupe). 

For geologic units with low potential, protection or salvage efforts typically are not required.  For 

geologic units with undetermined potential, field surveys by a qualified paleontologist are 

recommended to specifically determine the paleontologic potential of the rock units present 

within the study area.   
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3.0)  RESEARCH DESIGN AND METHODS 

3.1)  Paleontological Research Design and Goals 

The paleontologic resource of a rock encompasses any evidence preserved of once living 

organisms in the rock.  As recognized here, this pertains to fossils preserved either as 

impressions of soft or hard parts, mineralized remains of hard parts, tracks, burrows, or other 

trace fossils, coprolites, seeds or pollen and other microfossils.  These organisms may have 

been terrestrial, aquatic, or aerial in life habit. 

Fossils are an important resource to science as they are useful in demonstrating and 

documenting the evolution of particular groups of organisms.  Fossils also enable geologists to 

reconstruct the environment in which the organisms lived and the environment during deposition 

of the rock, and are also extremely useful in determining the age of the rock in which they are 

preserved.  Paleontologic resources include fossil remains, fossil localities, and formations that 

have produced fossil material in other nearby areas.  The paleontologic resource is a limited, 

nonrenewable, sensitive scientific educational resource afforded protection under federal laws 

and regulations designed to preserve environmental quality.  In California, the paleontologic 

resource is offered protection under CEQA. 

Potential adverse environmental impacts that could result from excavation on the parcel and 

that might affect paleontologic resources (unrecorded fossil sites and remains) were assessed.  

Mitigation measures were then developed to reduce these impacts to an insignificant level.  The 

assessment and mitigation measures are in compliance with 2010 Society of Vertebrate 

Paleontology (Society of Vertebrate Paleontology 2010) standard guidelines for reducing the 

potential adverse impact of construction on paleontologic resources. 

3.2)  Assessment Criteria 

The paleontological sensitivity of a formation or unnamed sedimentary unit-described as high, 

low, unknown, or none, is the measurement most conducive to assessing the sensitivity of the 

paleontologic resources and reflects the potential productivity and importance of the fossils 

produced within a study area.  The procedures utilized in this study to evaluate the 

paleontologic resource of a rock unit are similar to those utilized by the Society of Vertebrate 

Paleontology guidelines (2010). 
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The potential productivity of a formation is measured as high, low, unknown, or none, based 

upon the densities of fossil specimens or localities within or near the study area.  Exposures of a 

particular formation within a study area most likely will yield fossils similar in number and kind to 

those previously recorded from the formation in the surrounding area, and may contain a similar 

density of fossil sites.  The criteria for establishing the potential productivity of a formation 

exposed within the study area are described in the table below: 

Table 1.  Potential Paleontological Sensitivity Criteria 

Paleontological Sensitivity Criteria 

High potential 
Formation contains a high density of fossil sites and/or has produced numerous 
remains locally and is very likely to yield additional remains. 

Low potential 
Poorly exposed or studied formation that contains a very low density of 
recorded fossil localities and has produced little remains locally. 

Unknown potential 
Formations for which no data, or insufficient data is available from the 
immediate vicinity to allow an accurate assessment of its potential for yielding 
important fossil remains within the study area. 

No potential 
Unfossiliferous igneous and metamorphic rock units with no potential for 
yielding any fossil remains or Recent to sub-Recent sedimentary deposits that 
are too young to yield organic remains greater than 10,000 years old. 

3.3)  Paleontological Records and Collections Search 

Due to the random nature of the fossil record, paleontologists cannot ascertain either the quality 

or the quantity of fossils present in a given geologic unit prior to exposure by natural erosion or 

human-caused disturbance.  Therefore, in the absence of surface fossils it is necessary to 

assess the sensitivity of the rock units based on their known potential to yield scientifically 

significant paleontological resources elsewhere in the same geologic units (both within and 

outside of the study area) or a unit representative of the same depositional environment. 

The paleontology impacts of the proposed project are discussed below under subheadings 

corresponding to each of the significance criterion presented in the preceding section.  The 

analysis describes the impacts of the proposed project related to paleontological resources for 

each criterion and determines whether implementation of the proposed project would result in 

significant impacts by evaluating effects of earthmoving by the proposed project against the 

affected environment. 

To evaluate potential paleontological impacts due to earthmoving associated with construction, 

a paleontological records and literature search was conducted at institutions and museums 

(LACM, SBCM, WSC) that house paleontological collections from the study area.  Pertinent 

published literature and unpublished manuscripts on the geology and paleontology of the City of 
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Riverside and surrounding areas were reviewed.  This included a published article on late 

Pleistocene vertebrate localities of California (Jefferson 2008).  Additionally, the results of a 

previous paleontological survey of the study area by CRM TECH (2005) were reviewed. 

The geologic rock units present proposed project area were rated for paleontological resources 

that may be present on the surface or would be exposed during ground disturbing construction 

activities based on the Society of Vertebrate Paleontology Guidelines (Society of Vertebrate 

Paleontology 2010). 

3.4)  Paleontological Fieldwork Procedure 

On June 18, 2014 the L & L Environmental, Inc. paleontologist conducted a pedestrian survey of 

the project area.  
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4.0)  RESULTS 

4.1)  Literature Search 

During the comprehensive literature search it was found that the property was originally 

surveyed for paleontological resources by CRM TECH in 2005.  The parcel is underlain by 

metasedimentary rocks, plutonic rocks of the Peninsular Ranges, dike rocks, and older surficial 

sediments (Dibblee 2004, see Figure 4). 

Metasedimentary Rocks 

Biotite schist (ms) 

Present in three areas in the northwestern portion of the property, the biotite schist consisted of 

dark gray, fine grained, foliated, with minor biotite-quartiz-feldspar schist or gneiss.  Although 

these rocks are thought to be Paleozoic in age (Dibblee 2004), they have been subjected to 

metamorphic processes (heat and pressure) and contain no fossils (McLeod 2005; Scott 2005). 

Marble (ml) 

Present in one area on the western boundary in the northwestern portion of the property, the 

marble consisted of white to bluish white, medium to coarse grained, bedded to massive, 

limestone or dolomite (Dibblee 2004).  Although these rocks are thought to be Paleozoic in age 

(Dibblee 2004), they have been subjected to metamorphic processes (heat and pressure) and 

contain no fossils (McLeod 2005; Scott 2005). 

Plutonic Rocks of the Peninsular Ranges 

Quartz diorite (tonalite) (qdi) 

Quartz diorite, a coarse-grained granitic rock, is present over most of the property and was 

formed at depth from very slow cooling magma (molten rock).  It is thought to be Cretaceous in 

age (Cox and Morton 2001; Dibblee 2004), but because of its igneous rock origin it contains no 

fossils (McLeod 2005; Scott 2005). 

Dike Rocks 

Dike Rocks (p)-pegmatite to aplite dike rock 

A dike of fine grained aplitic to coarse-rocked pegmatite material is intruded into the quartz 

diorite (qdi) and occurs in the southwest corner of the property (Figure 4).  The dike rocks are 
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thought to be Cretaceous in age (Cox and Morton 2001; Dibblee 2004), but because of its 

igneous rock origin contains no fossils (McLeod 2005; Scott 2005). 

Older Surficial Sediments 

Quaternary older alluvial fan deposits (Qoa) 

Present primarily in the northeast corner of the property, Quaternary older alluvial fan deposits 

are present in small areas around the boundaries (Figure 4).  These deposits consist of tan to 

reddish brown sand with minor gravel.  The top surfaces slope slightly from the source area and 

are dissected by stream channels.  The Quaternary older alluvial fan deposits (Qoa) are late 

Pleistocene in age (Dibblee 2004). 

4.2)  Paleontological Records Search 

A comprehensive museum collections records search of the Vertebrate Paleontology Section 

collections of the Natural History Museum of Los Angeles County (McLeod 2005), the San 

Bernardino County Museum (Scott 2005), and the Western Science Center (Radford 2014) 

indicated no previously recorded sites on or immediately adjacent to the property. 

However, each received record search letter response recommended paleontological resource 

monitoring of earth moving activities within areas of Quaternary/Pleistocene deposits (Qoa), 

which are located around the edges of the project area (Figure 4). 

4.3)  Paleontological Field Survey 

The comprehensive paleontological resources reconnaissance field survey was performed by 

Mark Roeder on June 18, 2014.  Originally, CRM TECH (2005) surveyed and assessed the 

entire property for paleontological resources.  Most of the underlying geology of the parcel was 

plutonic and metamorphic rocks which, because of their origins, have no potential to yield 

significant fossils.  Because of the results of the original survey by CRM TECH (2005), the 

current survey focused on sedimentary rocks (Quaternary older alluvium) present in the 

northeast corner of the property.  These sediments had the most potential to yield significant 

paleontological resources.  No fossils were observed in surficial outcrops of this rock unit, but 

paleontological resource monitoring during future grading activities for development of the 

parcel may yield fossil resources. 
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5.0)  PROJECT SUMMARY WITH MITIGATION RECOMMENDATIONS 

5.1)  Paleontological Summary 

The paleontologic resources record searches did not identify any previously recorded 

paleontological localities on or near the project area.  The entire parcel has been surveyed for 

paleontologic resources and no fossil materials have been identified with its boundaries.  The 

potential for destruction of paleontological resources during surficial earthmoving during 

construction is high in Quaternary older alluvial fan deposits (Table 2). 

Table 2.  Paleontological sensitivity* potential of lithologic unit(s) present. 

Lithologic Unit Paleontological Sensitivity* 
Pegmatite to apetite (p) No potential 
Marble (ml) No potential 
Biotite schist (ms) No potential 
Schist-gneiss (msg) No potential 
Quartz diorite (qdi) No potential 
Quaternary older alluvial fan deposits (Qoa) High potential 

* based on Society of Vertebrate Paleontology guidelines (2010) 

5.2)  Paleontological Mitigation Recommendations 

There is high potential for locating significant paleontological resources during excavations 

within the Quaternary older alluvial fan deposits (Qoa) present in several areas around the outer 

edges of the project area (Figure 4).  Because of this potential, the project paleontologist should 

evaluate and identify the areas of the project that should be monitored and any excavation in 

these areas should be monitored by a qualified paleontologist.  The recommended 

Paleontologic Resource Impact Mitigation Plan (PRIMP) for the project is included in Appendix 

B. 
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7.0)  CERTIFICATION 

Certification:  I hereby certify that the statements furnished above and in the attached exhibits 

present the data and information required for this biological evaluation, and that the facts, 

statements, and information presented are true and correct to the best of my knowledge and 

belief. 

DATE: December 21, 2021   SIGNED:          
 Leslie Irish, Principal, L&L Environmental, Inc. 
 909-335-9897 
 

DATE: September 5, 2017   SIGNED:          
 Mark Roeder, Sr. Paleontologist, L&L Environmental, Inc. 
 909-335-9897 
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APPENDICES 

Appendix A – Record Search Results 
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Appendix B – Paleontologic Resource Impact Mitigation Plan (PRIMP) 
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SECTION 1 

INTRODUCTION 

A paleontologic resource impact mitigation program (PRIMP) is required by the County of 

Riverside for the planned housing development within APNs 175-080-010, 175-090-001 through 

-005, 175-100-003, -005, and -006, 175-150-002, 175-160-001, -005, and -007, 177-030-012 

and -014, 177-040-002, and -008.  The site is currently an undeveloped group of parcels 

covered with native vegetation located in the City of Jurupa Valley in the County of Riverside, 

California.  This PRIMP is being required because of the potential for scientifically important 

fossil remains being uncovered by earth moving at previously unrecorded fossil sites at the site.  

Without the PRIMP, fossil remains and associated specimen data and corresponding geologic 

and geographic site data could be lost to earth moving and unauthorized fossil collecting. 

The mitigation measures detailed below are based on measures presented in the paleontologic 

resource inventory/impact assessment within which this PRIMP is found.  The measures were 

developed in compliance with Society of Vertebrate Paleontology (SVP 2010; 1996) standard 

measures for reducing construction-related impacts on paleontologic resources and museum 

repository conditions for accepting a paleontologic mitigation program fossil collection.  The 

PRIMP will be implemented by Hugh M. Wagner, PhD, project paleontologist, L&L 

Environmental, Inc. (L&L). 

The PRIMP will substantially reduce the potentially significant adverse environmental impacts of 

earth moving on the paleontologic resources of the site to an acceptable level by: 1) allowing for 

the recovery of fossil remains and associated specimen data and corresponding geologic and 

geographic site data; 2) allowing for their preservation in the Western Science Center (WSC) or 

other qualified repositories (such as the Natural History Museum of Los Angeles County 

[LACM], San Bernardino County Museum [SBCM], San Diego Natural History Museum 

[SDNHM], or Riverside Metropolitan Museum [RMM]) where they will be available for future 

study by qualified investigators.  Moreover, with the PRIMP earth moving could result in 

beneficial effects, including the exposure and recovery of numerous scientifically highly 

important fossil remains and associated data. 
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The parcels were researched and surveyed by Mark Roeder and portions of the site were found 

to be underlain by Quaternary older alluvial fan deposits (Qoa) (Dibblee 2004). 

The site has not been impacted by agricultural or development activities; however, if previously 

undisturbed Quaternary older alluvial fan deposits are present at the ground surface and there 

is potential for remains being uncovered by earth moving activities.  Identifiable fossil remains 

(particularly of vertebrates), if any, recovered at the site will be scientifically highly important if 

they represent new or rare species, geologic (temporal) and/or geographic range extensions, 

age-diagnostic taxa, and/or more complete specimens than are now available for their 

respective taxa.  The recovery of remains representing age-diagnostic taxa will be critical in 

confirming, refining, and/or correcting previous age assignments for the fossil-bearing rock unit 

and its fauna, and the recovery of remains representing environmentally sensitive taxa will be 

critical in paleoenvironmental reconstruction.  Moreover, the remains will contribute to a more 

comprehensive documentation of the diversity of extinct animal life that existed in the Jurupa 

Valley area during the Quaternary Epoch and to a more accurate reconstruction of the geologic 

history of the area. 

The PRIMP will consist of paleontologic monitoring of earth moving to ensure the recovery of 

larger fossil remains and, if warranted, processing of rock samples to ensure recovery of smaller 

fossil remains.  The level of monitoring in any particular area of the site will be based on the 

rock unit underlying that area.  Recovery of fossil remains as part of the PRIMP will be allowed 

under CEQA Appendix G (5.c).  Recovered remains will be prepared and submitted to 

knowledgeable paleontologists for identification.  The remains will then be curated and 

accessioned into the WSC, LACM, SDNHM, SBCM, or RMM fossil collection and associated 

specimen data and corresponding site data archived (entered into corresponding museum 

catalogs and computerized databases). 
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SECTION 2 

MITIGATION PROGRAM PROCEDURES 

The mitigation measures detailed below for the PRIMP are in compliance with Mitigation 

Measures Paleontology for the overall project as recommended in the Phase I Paleontological 

Resources Inventory. 

Paleontology 1: Review Geotechnical Report Data 

In conjunction with the final design phase of each program-related improvement, a qualified 

vertebrate paleontologist will review the geotechnical report data, with particular regard to 

location and depth of earth moving and the rock unit(s) being encountered.  The review is for 

the purpose of assessing potential for fossil remains being encountered by earth moving.  If 

previously undisturbed strata with potential for containing fossil remains will be encountered by 

earth moving, the following measures will be implemented. 

Paleontology 2: Museum Storage Agreement 

The WSC, LACM, SDNHM, SBCM, or RMM will be the designated museum repository for any 

vertebrate, invertebrate, and plant fossil remains and associated specimen data and 

corresponding geologic and geographic site data that might be recovered from the site as a 

result of the PRIMP.  Prior to any earth moving at the project site, the paleontologist will develop 

a formal agreement with the museum regarding final disposition and permanent storage and 

maintenance of the fossil collection and associated data.  The agreement will cover, but not 

necessarily be limited to, museum requirements regarding: 1) level of treatment of the 

collection; 2) storage and maintenance fees, if any; 3) purchase of specimen storage cabinets 

and drawers, as well as specimen trays, vials, specimen data cards, and other curatorial 

supplies, if required. 
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Paleontology 3: Discovery Clause/Treatment Plan 

As part of the PRIMP, the paleontologist will develop a discovery clause/treatment plan DC/TP 

to allow for the additional tasks (recovery; geologic mapping; fossiliferous rock sample 

processing; specimen preparation, identification, curation, cataloguing, data entry; specimen 

storage and maintenance by museum) and manpower required to treat a large or productive 

fossil occurrence that cannot be treated without diverting the monitor from routine monitoring.  

The DC/TP will also include approved procedures and lines of communication to be followed by 

specific individuals if fossil remains are uncovered by earth moving, particularly when a 

paleontologic monitor is not present at the site.  Names and telephone numbers of contact 

personnel will be included in the lines of communication.  The preparation of this PRIMP insures 

compliance with Paleontology 3. 

Paleontology 4: Preconstruction Meeting 

The paleontologist or field supervisor, as well as a paleontologic construction monitor, will 

attend a preconstruction meeting to explain the PRIMP to construction contractor and Richland 

Communities staff.  The presentation will summarize mitigation procedures to be employed by 

PRIMP personnel and will detail procedures and lines of communication, as specified in the 

Riverside County, Conditions of Approval, to be followed by specific project personnel when 

fossil remains are found at the site. 

The paleontologist or field supervisor will inform construction contractor and Richland 

Communities staff of the following items: 

1) Routine mitigation measures (primarily monitoring and test screening) to be 
employed by a monitor during earth moving. 

2)  The potential for fossil remains being uncovered by earth moving in particular 
areas of the site and the need to implement specific actions and additional 
mitigation measures when a fossil occurrence is uncovered by earth moving. 

3)  Functions and responsibilities of the monitor when fossil remains are uncovered 
by earth moving and can be recovered without diverting the monitor from 
monitoring (temporarily divert earth moving around fossil site until remains 
evaluated, recovered, and earth moving allowed to proceed through site by 
monitor; if approved by construction contractor, enlist assistance of earth-moving 
equipment and operator to expedite recovery of remains, obviate need for 
additional personnel, and reduce any potential construction delay). 
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4)  Functions and responsibilities of the monitor when a fossil occurrence is 
uncovered by earth moving and is sufficiently large or productive that it cannot be 
recovered without diverting the monitor from monitoring. 

4a) Flag the site. 

4b) Advise construction contractor to avoid fossil site until further notice 
(probably less than 2 days). 

4c) Call the project paleontologist or field supervisor to site. 

5)  Functions and responsibilities of the paleontologist or field supervisor when 
notified by the monitor that a large or productive fossil occurrence has been 
uncovered by earth moving and cannot be recovered without diverting the 
monitor from monitoring.  Evaluate occurrence to determine if recovery is 
warranted. 

5a) If recovery is warranted - notify construction contractor and Richland 
Communities of necessity for implementing additional mitigation 
measures specified in DC/TP initiating increased level of monitoring, if not 
already in effect, in immediate vicinity of fossil site and assigning 
additional personnel to PRIMP. 

5b) Within 24 hours after Richland Communities approval as secured by L&L, 
mobilize recovery crew to recover occurrence; supervise recovery of 
occurrence and its transport to laboratory facility or to location elsewhere 
at site approved by construction contractor for initial/field processing of a 
fossiliferous rock sample or to laboratory facility for preparation of a fossil 
specimen. 

5c) If warranted and approved by construction contractor, enlist assistance of 
the earth-moving equipment and operator to expedite recovery of 
occurrence. 

5d) To obviate need for additional personnel and reduce any potential 
construction delay, after recovery of occurrence, have construction 
contractor allow earth moving to proceed through fossil site. 

5e) Notify Richland Communities of recovery (or of decision not to recover 
fossil occurrence, if appropriate) and of authorization for earth moving to 
proceed through fossil site. 

6)  Responsibilities of the construction contractor and earth-moving equipment 
operators if fossil remains are uncovered by earth moving, particularly if a 
monitor is not present at the site when the remains are encountered. 
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6a) Avoid disturbance of fossil site by earth moving. 

6b) Notify monitor, the paleontologist, or the field supervisor and Richland 
Communities of the fossil occurrence. 

6c) Avoidance of fossil site by earth-moving activities. 

6d) Assist with equipment and operator to expedite recovery of occurrence. 

These measures will obviate need for additional personnel, reduce any potential construction 

delay, and allow for earth moving to proceed through the site following approval by monitor.  

The construction contractor and Richland Communities staff will be shown examples of fossil 

specimens similar to those that might be encountered by earth moving at the site. 

If warranted, the paleontologist or field supervisor and a monitor will give a similar presentation 

to the earth-moving equipment operators at one of their earliest safety meetings.  The operators 

will be instructed on recognizing fossil remains in the field, informed of their responsibilities if 

they observe fossil remains when the monitor is not present at the site (avoid disturbance of 

occurrence by earth moving; have construction contractor call monitor to fossil site; expedite 

recovery of occurrence, if requested), and advised that unauthorized collecting of fossil remains 

is illegal. 

Paleontology 5: Monitoring Earth Moving 

Earth moving will be monitored by a paleontologic monitor supervised by a qualified 

paleontologist, as defined by the SVP (2010) (supervising paleontologist). Monitoring will consist 

of visually inspecting freshly exposed rock and debris for larger fossil remains and periodically 

screening a small (25 pound) sample with a 20-mesh box screen for micro vertebrate fossil 

remains.   

Monitors will be equipped with water, screens, and a 10x magnifying lens so that any sediments 

encountered that are not clean sands or gravels can be periodically checked for microvertebrate 

fossils.  Monitoring will be conducted on a full-time basis until the supervising paleontologist has 

determined that additional fossil remains are not likely to be uncovered by earth moving in 

specific area(s), underlain by a specific rock unit.   

Where warranted, the supervising project paleontologist may reduce monitoring to half to 

quarter time based on monitoring results.  The supervising paleontologist may terminate 
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monitoring of rock unit(s) which do not yield fossil resources after 50% of the earth has been 

moved in that rock unit.  Alternatively, if sufficient fossil remains are uncovered by earth moving 

and with the approval of Richland Communities as secured by L&L, monitoring may be 

increased in areas underlain by the fossil-bearing rock unit, at least in the immediate vicinity of 

the fossil site. 

Paleontology 6A: Large-Specimen Evaluation and Recovery Option 

1)  If a large fossil specimen is found as a result of monitoring earth moving and the 
specimen can be recovered without significantly diverting the monitor from 
monitoring, earth moving will be temporarily diverted around the fossil site and 
the specimen will be evaluated, and, if warranted, excavated, covered with a 
protective plaster-impregnated burlap jacket, if required, and recovered. 

If necessary and approved by the construction contractor, earth-moving 
equipment and an operator will be enlisted to expedite recovery of the specimen 
and obviate the need for additional personnel, and the construction contractor will 
be allowed to have earth moving proceed through the fossil site immediately after 
recovery of the specimen.  A temporary field number will be assigned to the 
specimen; the field number, a preliminary field identification, and pertinent 
specimen (field number, identification by taxon and element) and geologic 
(particularly stratigraphic level within rock unit) and geographic site data 
(location, elevation) recorded in the monitor’s daily monitoring log; and the field 
number recorded and the fossil site location plotted on a map of the site. 

At the end of the day the monitor or (following his next site inspection) the field 
supervisor will transport the fossil remains and associated data to a laboratory 
facility for further treatment (see Paleontology 7).  If appropriate, samples of 
fossil wood will be submitted for carbon-14 dating analysis. 

2)  If a fossil specimen is found and is sufficiently large that it cannot be recovered 
without significantly diverting the monitor from monitoring, the fossil site will be 
flagged with colored survey ribbon to temporarily divert earth moving around the 
site, the construction contractor will be advised to avoid the site until further 
notice (probably less than 2 days), and the paleontologist or field supervisor will 
be called to the site.  The grading contractor will notify Richland Communities 
and L&L of the occurrence and of the avoidance of the site.  The paleontologist 
or field supervisor in turn will evaluate the specimen to determine if recovery is 
warranted. 

2a) If specimen recovery is not warranted, no further action will be taken to 
preserve the fossil site or remains, the construction contractor will be 
allowed to have earth moving proceed through the site immediately, and 
Richland Communities will be notified of the decision not to recover the 
specimen and of authorization for earth moving to proceed through the 
fossil site. 
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2b) If specimen recovery is warranted, the paleontologist or field supervisor 
will notify the construction contractor, and Richland Communities of the 
necessity for implementing additional mitigation measures specified in the 
DC/TP, initiating full-time monitoring, if not already in effect, at least in the 
immediate vicinity of the site in areas underlain by the fossil-bearing rock 
unit, and assigning additional personnel to the PRIMP.  Within 24 hours 
after Richland Communities approval as secured by L&L, a recovery crew 
will be mobilized to recover the specimen.  The size of the crew will reflect 
the size of the specimen and the need to recover the specimen as quickly 
as possible. 

The specimen will be excavated with hand tools, covered with a 
protective plaster-impregnated burlap jacket, and recovered.  If necessary 
and approved by the construction contractor, earth-moving equipment 
and an operator will be enlisted to expedite recovery of the specimen, 
reduce any potential construction delay, and obviate the need for 
additional personnel.  The construction contractor will be allowed to have 
earth moving proceed through the fossil site immediately after recovery of 
the specimen.  Richland Communities will be notified of the recovery and 
of authorization for earth moving to proceed through the fossil site. 

A temporary field number will be assigned to the specimen; the field 
number, a preliminary field identification, and pertinent specimen (field 
number, identification by taxon and element) and geologic (particularly 
stratigraphic level within rock unit) and geographic site data (location, 
elevation) recorded in the monitor’s daily monitoring log; and the field 
number recorded and the fossil site location plotted on a map of the site.  
The field supervisor and, if necessary, a crew member will transport the 
fossil specimen and associated site data to a laboratory facility for further 
treatment (see Paleontology 7). 

Paleontology 6B: Small-Specimen Sample Evaluation, Recovery, and Processing 

If a sufficient number of smaller vertebrate fossil remains are found at one (1) site as a result of 

test screening by the monitor the fossil site will be flagged with colored survey ribbon to 

temporarily divert earth moving around the site.  The construction contractor will be advised to 

avoid the site until further notice (probably less than two [2] days), and if requested by the 

monitor to expedite recovery of a fossiliferous rock sample reduce any potential construction 

delay and obviate the need for additional personnel, the construction contractor will have earth-

moving equipment and an operator acquire a sample from the fossil site and transport the 

sample, if possible, to a nearby temporary location at the site approved by the construction 

contractor. SVP Guidelines require a 6,000-pound sample to be processed for microvertebrates 

if indicators of potential microvertebrates are found (e.g., plant debris, abundant mollusks, clay 

clasts, carbonate-rich paleosols, or mudstones). 
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The construction contractor will notify Richland Communities and L&L of the occurrence and of 

the avoidance of the fossil/storage site.  If a sample is recovered, the construction contractor will 

be allowed to ave earth moving proceed through the fossil site immediately after recovery of the 

sample.  The monitor will notify Richland Communities of the recovery of the sample and of 

authorization for earth moving to proceed through the fossil site.  The paleontologist or field 

supervisor will be called to the fossil/storage site to determine if the fossil site/sample is 

sufficiently productive to warrant recovery of a large sample of fossiliferous rock to process for 

additional small remains.  Previous experience has demonstrated that only some fossil sites 

require sampling/sample processing.  On the other hand, more than 95 percent of the 

specimens recovered as a result of some mitigation programs were recovered as a result of 

sample processing. 

1)  If the site/sample is determined too unproductive or the remains too poorly 
preserved or insufficiently diagnostic, no further action will be taken to preserve 
the fossil site/sample or remains, the construction contractor will be allowed to 
have earth moving proceed through the fossil/storage site immediately, and 
Richland Communities will be notified of the decision not to recover/process a 
sample and of authorization for earth moving to proceed through the 
fossil/storage site. 

2)  If sample recovery is warranted, the paleontologist or field supervisor will notify 
the construction contractor and Richland Communities of the necessity for 
implementing additional mitigation measures specified in the DC/TP and 
assigning additional personnel to the PRIMP. 

2a) Within 24 hours after Richland Communities approval as secured by L&L, 
a recovery crew will be mobilized to recover the sample.  The size of the 
crew will reflect the need to recover the sample as quickly as possible.  
The field supervisor will record the size and supervise recovery of the 
sample.  Approximately 3 tons (6,000 pounds or about 4 cubic yards) of 
fossiliferous rock will be recovered.  The sample will be excavated with 
hand tools for recovery.  If necessary and if approved by the construction 
contractor, earth-moving equipment and an operator will be enlisted to 
expedite transportation of the sample to the processing facility site, 
obviate the need for additional personnel, and reduce any potential 
construction delay and the construction contractor will be allowed to have 
earth moving proceed through the fossil site immediately after recovery of 
the sample.  The paleontologist or field supervisor will notify Richland 
Communities of recovery of the sample and of authorization for earth 
moving to proceed through the fossil site. 

2b) A temporary field number will be assigned to the sample; the field number 
and pertinent specimen (field number, identification by taxon and 
element) and geologic (particularly stratigraphic level within rock unit) and 
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geographic site data (location, elevation) recorded in the monitor’s daily 
monitoring log; and the field number recorded and the fossil site location 
plotted on a map of the site.  The field supervisor and, if necessary, a 
crew member will transport the sample to a location elsewhere at the site 
approved by the construction contractor or to an offsite location for 
initial/field processing (wet screening) of the sample.  The total weight of 
all samples from each fossil-bearing rock unit at the site will not exceed 3 
tons. 

2c) If warranted, the field supervisor will setup a field processing facility for 
wet screening the sample at a site location approved by the construction 
contractor.  Wet screening will consist of sieving rock through a 20- 
(and/or finer) mesh box screen immersed in a tub of water to remove the 
smaller (clay and silt) particles from the larger (sand and rock) particles 
and small fossil remains, and could result in a reduction in sample 
weight/volume in excess of 90%.  If necessary, rock will be soaked in an 
environmentally safe dispersant (citrus oil) prior to screening to improve 
the separation of the clay particles from the rest of the sample during 
screening.  The monitor will conduct wet screening if screening can be 
accomplished without diverting the monitor from monitoring.  If it is not 
possible to have the monitor perform the wet screening, a field technician 
will be assigned to the task.  Following his next site inspection, the field 
supervisor will transport the concentrate (larger particles and small fossil 
remains) generated by initial processing to a laboratory facility for 
final/laboratory processing. 

2d) If the fossil remains in the concentrate are sufficiently fossilized (dense), 
an environmentally safe heavy liquid (sodium polytungstate), if 
appropriate, will be used by the senior vertebrate paleontologist to 
separate the remains from the remaining sand and rock particles.  When 
added to a beaker filled with heavy liquid, the concentrate will separate, 
the particles floating to the surface, and the remains sinking to the 
bottom, from where they are retrieved.  This technique can result in a 
further sample weight/volume reduction in excess of 90% (less than 1% 
of original sample size).  The final concentrate will be examined under a 
microscope and fossil specimens recovered from any remaining sand and 
rock particles.  If the fossil bone in the original concentrate is not 
sufficiently dense for use of the heavy-liquid separation technique, the 
entire sample of concentrate will be sorted under a microscope for fossil 
remains.  Recovered fossil remains will then be treated (see Paleontology 
7). 

2e) During the final processing of a sample, the senior vertebrate 
paleontologist will continually evaluate the results of field and laboratory 
processing.  If the sample is insufficiently productive or the fossil remains, 
too poorly preserved, the senior vertebrate paleontologist will have the 
option of discontinuing further laboratory processing of the sample, 
having field processing of the remainder of the sample suspended, and 
disposing of the remainder of the sample and unprocessed concentrate.  
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Similarly, processing will be discontinued if, after preliminary identification 
of some specimens, the remains are determined insufficiently diagnostic 
or diverse taxonomically, or the species represented are the same as 
those in another sample from the fossil-bearing rock unit.  Previous 
experience has demonstrated that only some fossil sites require sample 
processing, and only some of these sites require processing of an entire 
3-ton sample.  If appropriate, small splits from one or more samples will 
be submitted for palynological analysis. 
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Paleontology 7: Fossil Treatment 

Final treatment of all fossil specimens recovered from the site as a result of the PRIMP will be 

conducted at a laboratory facility.  Larger vertebrate fossil specimens will be removed from their 

protective jackets, prepared to the point of identification using hand tools, and hardened or 

stabilized with a penetrating solution by a preparator.  All recovered fossil specimens will be 

identified to the lowest taxonomic level possible by knowledgeable vertebrate and invertebrate 

paleontologists and, if required, other knowledgeable paleontologists (i.e., paleobotanists, 

micropaleontologists, palynologists).  The specimens will then be curated (assigned and labeled 

with museum specimen data and corresponding site numbers, placed in specimen trays and, if 

appropriate, vials with completed specimen data cards), catalogued (specimen and site 

numbers and specimen data and corresponding geologic and geographic site data, respectively, 

archived [entered into appropriate catalogs and computerized databases]), and accessioned 

into the museum fossil collection, where they will be permanently stored, maintained, and, along 

with associated data, made available for future study by qualified investigators.  With the 

possible exception of those tasks (curation, cataloging) that might be conducted by museum 

staff, all treatment of the fossil specimens will be conducted by a laboratory technician.  Fossil 

specimen preparation, identification, curation, and cataloguing are now required before a fossil 

collection will be accepted by most museum repositories, including the WSC, LACM, SDNHM, 

SBCM, and RMM.  Moreover, the scientific importance of a fossil specimen cannot be evaluated 

until the specimen has been identified to the lowest taxonomic level possible, and specimen 

identification often is not possible without prior preparation. 

Paleontology 8: Final Report 

A final technical report of findings will be prepared by the paleontologist and will describe the 

site’s stratigraphy, summarize field and laboratory methods employed during the PRIMP, 

include a taxonomic list and an inventory of catalogued fossil specimens recovered as a result 

of the PRIMP, evaluate the scientific importance of the specimens, and discuss the relationship 

of the fossil assemblage from any newly recorded fossil site at the project site to relevant fossil 

assemblages from fossil sites in other areas.  The report will be submitted to the contractor and 

to Richland Communities. 

Submission of the final report will signify completion of the PRIMP and will ensure Richland 

Communities compliance with Public Resources Code Section 21081.6 (mitigation monitoring, 

reporting, and compliance). 
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SECTION 3 

ACRONYMS 

 

CEQA   California Environmental Quality Act 

EIR   Environmental Impact Report 

DC/TP   Discovery clause/Treatment plan 

L&L   L&L Environmental, Inc. 

LACM   Natural History Museum of Los Angeles County 

PRIMP   Paleontologic Resource Impact Mitigation Program 

RMM   Riverside Metropolitan Museum 

SBCM   San Bernardino County Museum 

SDNHM  San Diego Natural History Museum 

SVP   Society of Vertebrate Paleontology 

WSC   Western Science Center 
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