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project is feasible as proposed, provided the recommendations of this report are followed and 
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GEOTECHNICAL INVESTIGATION 

1. PURPOSE AND SCOPE 

This report presents the results of a geotechnical investigation for the proposed Wildomar Master 
Drainage Plan, Lateral C-1 Storm Drain (aka Billie Ann Road Storm Drain) [storm drain] 
improvements in Wildomar, California (see Vicinity Map, Figure 1). The purpose of the investigation 
was to evaluate subsurface soil and geologic conditions underlying the proposed storm drain 
alignment, and to provide conclusions and recommendations pertaining to the geotechnical aspects of 
the existing conditions, and proposed design and construction, based on the conditions encountered. 
The current design for the storm drain includes construction of a storm drain within Refa Street from 
Palomar Street to Charles Street, continuing southwesterly along Charles Street to Woshka Lane. A 
500 foot lateral will extend northeasterly from the intersection of Charles and Refa and connect to the 
existing storm drain at the southern terminus of Billie Anne Road.  

The scope of this investigation included a site reconnaissance, field meeting with the design team, a 
field exploration program, laboratory testing, engineering analysis, and the preparation of this report. 
The site exploration was performed on July 17, 2014 by excavating seven 8-inch diameter borings 
utilizing a truck mounted hollow-stem auger drilling machine. The borings were advanced to depths 
between about 20½ and 51½ feet below the existing ground surface. One pavement core was taken on 
the southwest side of Palomar Street at the channel.  The approximate locations of the borings and 
core sample are indicated on the Boring Location Map, Figure 2. A detailed discussion of the field 
investigation, including the boring logs, is presented in Appendix A.  

Laboratory tests were performed on selected soil samples obtained during the investigation to determine 
pertinent physical and chemical soil properties. Appendix B presents a summary of the laboratory test 
results. 

The recommendations presented herein are based on analysis of the data obtained during the 
investigation and our experience with similar soil and geologic conditions. References reviewed to 
prepare this report are provided in the List of References section. If project details vary significantly 
from those described herein, Geocon West, Inc. (Geocon) should be contacted to determine the 
necessity for review and possible revision of this report.  

2. PROJECT DESCRIPTION 

The project includes the design and construction of approximately 2,400 feet of an underground 
storm drain that will be designed to safely carry the 100-year storm drain runoff. The storm drain is 
anticipated to be 84-inch diameter, and the lateral is anticipated to be 66-inch diameter. 
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Approximately five feet of cover is anticipated over the storm drains. An undetermined number of 
inlet and manhole structures are anticipated to be constructed.  

Once the design phase proceeds to a more finalized plan, the recommendations within this report 
should be reviewed and revised, if necessary. Any changes in the design, location or elevation of the 
improvements, as outlined in this report, should be reviewed by this office. Geocon should be 
contacted to determine the necessity for review and possible revision of this report. 

3. GEOLOGIC SETTING 

The site is located within the Peninsular Ranges Geomorphic Province, characterized by northwest 
trending alluviated valleys and geologic structures such as the nearby Elsinore Fault Zone and Santa 
Ana Mountains. The Peninsular Ranges are bounded on the north by the Santa Monica, Hollywood, 
Raymond, Cucamonga, and Sierra Madre Fault Zones, the east by the San Jacinto Fault, and the west 
by the Pacific Ocean. The Peninsular Ranges extend southward into Mexico.  

Locally, the site is located on the eastern edge of the Elsinore Trough, a graben which formed as a 
result of a left step over from the Wildomar to the Willard faults on the eastern and western sides of 
Lake Elsinore, respectively. Ground fissures have been documented south of the site in the Elsinore 
Trough since the 1980s. The ground fissures have generally developed along pre-existing fault traces 
as a result of groundwater withdrawal (Kupferrmann, 1998). 

4. GEOLOGIC MATERIALS 

Based on the field exploration and published geologic maps of the areas, the subsurface conditions 
along the storm drain alignment consists of undocumented fill underlain by Pauba Formation. Some 
alluvium may be encountered in the drainages, and near Palomar Street. Unnamed Sandstone may be 
encountered along the proposed alignment near Palomar Street. Nomenclature generally follows that 
of Kennedy (see List of References). Individual units are described below. Detailed stratigraphic 
profiles are provided in the boring logs in Appendix A. 

4.1 Undocumented Fill  

Undocumented fill was encountered in the areas of previously constructed roadways to depths of 7 
feet along Charles Street, and on the order of 0.5 feet along Refa Street. The fill materials 
encountered consist of asphaltic concrete, aggregate base, and what appeared to be locally derived 
silty sands. A lesser amount gravelly sands and sandy silt were also observed within Refa Street. The 
soils were dry to moist and medium dense.  
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4.2 Quaternary Alluvial Deposits 

Quaternary-age alluvial deposits were not encountered during our subsurface investigation. However; 
some alluvium should be anticipated near the southern terminus of Billie Ann Road. Alluvium should 
consist primarily of silty and poorly graded sands with occasional thin layers of silt and clay. 
Saturated surface conditions were encountered at the northwest end of the project (near Billie Ann 
Road), and they should be anticipated during construction.  

4.3 Pauba Formation 

Pleistocene-age Pauba Formation was encountered in all our borings during the subsurface 
investigation. The Pauba Formation generally consisted of silty sandstone with minor amounts sandy 
siltstone and claystone, that were generally damp to moist, medium dense to very dense and hard, and 
brown to reddish brown. Pauba formation is a sedimentary unit whose geotechnical properties are 
more of a soil than a rock.  Therefore, we have used soil descriptions in our boring logs. Pauba 
Formation is generally considered suitable for the placement of settlement sensitive structures and 
compacted fill.  

4.4 Unnamed Sandstone 

Pleistocene-age Unnamed Sandstone was not encountered during our field exploration, but is 
geologically mapped within Refa Street near Palomar Road. This unit is expected to consist primarily 
of yellow brown silty sandstone that is damp to moist, pale yellow, friable, and carbonate-rich.  

5. GROUNDWATER 

Groundwater was encountered at a depth of 35.5 feet BGS, and rose to a depth of 31.3 feet BGS at the 
completion of drilling. Based on our experience in the vicinity of the site, groundwater is on the order of 
35 feet BGS near the site. Shallower groundwater was found on the northeast side of the fault, deeper 
groundwater on the southwest side. Fluctuations in groundwater level may occur due to infiltration of 
water during and after precipitation events or due to irrigation, variations in ground surface topography, 
subsurface geologic conditions and structure, rainfall, irrigation, and other factors. 
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6. GEOLOGIC HAZARDS 
A detailed summary of our evaluation of the geologic hazards that may affect the site is presented 
below. 

6.1 Surface Fault Rupture 

The numerous faults in southern California include active, potentially active, and inactive faults. The 
criteria for these major groups are based on criteria developed by the California Geological Survey 
(formerly known as California Division of Mines and Geology (CDMG) for the Alquist-Priolo 
Earthquake Fault Zone Program (Hart, 1999). By definition, an active fault is one that has had surface 
displacement within Holocene time (about the last 11,000 years). A potentially active fault has 
demonstrated surface displacement during Quaternary time (approximately the last 1.6 million years), 
but has had no known Holocene movement. Faults that have not moved in the last 1.6 million years are 
considered inactive. 

According to the Riverside County Land Information System, three splays of the Wildomar fault (the 
Temecula segment) of the Elsinore fault zone cross the site at approximately 150, 300, and 550 feet 
northeast of Palomar Street across Refa Street. These splays are considered active. An annual slip rate 
postulated by Dawson, et al. is 5±2 mm/year.  Considering a reoccurrence interval of 600±150 years, 
the slip rate per event is anticipated to be on the order of 3 (+2.25/-1.65) m.  The last event on the 
Temecula segment of the Elsinore fault was between 1655 and 1810 AD.  Based on these 
considerations the risk of surface ground rupture occurring at the subject site during the lifespan of 
the structure is possible. However, mitigation of the possible offset may not be economically 
practical. The site is located in the seismically active southern California region, and could be 
subjected to moderate to strong ground shaking in the event of an earthquake on one of the many 
active southern California faults.  

6.2 Seismic Design Criteria 

We used the computer program U.S. Seismic Design Maps, provided by the USGS to evaluate the 
seismic design parameters. The following tables summarize site-specific design criteria obtained from 
the 2013 California Building Code (CBC; Based on the 2012 International Building Code [IBC] and 
ASCE 7-10), Chapter 16 Structural Design, Section 1613 Earthquake Loads. The short spectral 
response uses a period of 0.2 second. The improvements should be designed using a Site Class D for 
this project. We evaluated the Site Class based on the discussion in Section 1613.3.2 of the 2013 
CBC and Table 20.3-1 of ASCE 7-10. The values presented in the following tables are for the risk-
targeted maximum considered earthquake (MCER). 
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CBC SEISMIC DESIGN PARAMETERS 

Parameter Value 2013 CBC Reference 

Site Class D Table 1613.5.2 
Spectral Response – Class B (short), SS 2.315g Figure 1613.5(3) 
Spectral Response – Class B (1 sec), S1 0.939g Figure 1613.5(4) 

Site Coefficient, Fa 1.0 Table 1613.5.3(1) 
Site Coefficient, Fv 1.5 Table 1613.5.3(2) 

Maximum Considered Earthquake Spectral 
Response Acceleration (short), SMS 2.315g Section 1613.5.3 (Eqn 16-36) 

Maximum Considered Earthquake Spectral 
Response Acceleration – (1 sec), SM1 1.408g Section 1613.5.3 (Eqn 16-37) 

5% Damped Design Spectral Response 
Acceleration (short), SDS 1.544g Section 1613.5.4 (Eqn 16-38) 

5% Damped Design Spectral Response 
Acceleration (1 sec), SD1 0.939g Section 1613.5.4 (Eqn 16-39) 

 
The table below presents additional seismic design parameters for projects located in Seismic Design 
Categories of D through F in accordance with ASCE 7-10 for the mapped maximum considered 
geometric mean (MCEG). 

2013 CBC SITE ACCELERATION DESIGN PARAMETERS 

Parameter Value ASCE 7-10 Reference 

Mapped MCEG Peak Ground Acceleration, 
PGA 0.926 Figure 22-7 

Site Coefficient, FPGA 1.000 Table 11.8-1 
Site Class Modified MCEG Peak Ground 

Acceleration, PGAM 0.926g Section 11.8.3 (Eqn 11.8-1) 

Conformance to the criteria in tables above for seismic design does not constitute any kind of 
guarantee or assurance that significant structural damage or ground failure will not occur if a large 
earthquake occurs. The primary goal of seismic design is to protect life, not to avoid all damage, 
since such design may be economically prohibitive.  

6.3 Liquefaction Potential and Seismic Settlement 

The site is located with a Riverside County Zone of Moderate Liquefaction Potential.  Liquefaction is 
a phenomenon in which loose, saturated, relatively cohesionless soil deposits lose shear strength 
during strong ground motions. Primary factors controlling liquefaction include intensity and duration 
of ground motion, gradation characteristics of the subsurface soils, in-situ stress conditions, and the 
depth to groundwater. Liquefaction is typified by a loss of shear strength in the liquefied layers due to 
rapid increases in pore water pressure generated by earthquake accelerations. 
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The current standard of practice, as outlined in the “Recommended Procedures for Implementation of 
DMG Special Publication 117A, Guidelines for Analyzing and Mitigating Liquefaction in California” 
requires liquefaction analysis to a depth of 50 feet below the lowest portion of the proposed structure. 
Liquefaction typically occurs in areas where the soils below the water table are composed of poorly 
consolidated, fine to medium-grained, primarily sandy soil. In addition to the requisite soil 
conditions, the ground acceleration and duration of the earthquake must also be of a sufficient level to 
induce liquefaction.  

The site is underlain by Pauba Formation bedrock. The dense bedrock is not subject to liquefaction. 
Therefore, the potential for liquefaction and associated ground deformations beneath the site is 
considered to very low. Further, no surface manifestations of liquefaction are expected at the subject 
site. 

Seismically induced settlement may occur whether the potential for liquefaction exists or not. 
Typically, settlements occur in thick beds of granular soil. Based on the dense nature of the geologic 
units at the site, seismically-induced settlement is not anticipated to occur at the site. 

6.4 Earthquake-Induced Flooding  

Earthquake-induced flooding is inundation caused by failure of dams or other water-retaining 
structures located upstream of the site due to earthquakes. There are no retaining structures upstream 
of the site, therefore, earthquake induced flooding is not a design consideration for this project. 

6.5 Tsunamis, Seiches and Flooding 

The site is not located within a coastal area. Therefore, tsunamis, seismic sea waves, are not 
considered a significant hazard at the site. 

Seiches are large waves generated in enclosed bodies of water in response to ground shaking. No 
major water-retaining structures are located immediately up gradient from the project site. The site is 
located approximately 5 miles south of and at a higher elevation than Lake Elsinore. The potential for 
flooding from a seismically induced seiche is considered low.  

6.6 Subsidence 

Subsidence and associated ground fissuring has been well documented in Riverside County 
Subsidence occurs when a large portion of land is displaced vertically, usually due to the withdrawal 
of groundwater, oil, or natural gas. Soils that are particularly subject to subsidence include those with 
high silt or clay content. Areas subject to subsidence and fissuring are primarily alluviated structural 
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valleys such as the San Jacinto Valley and Elsinore Trough that are bound by active faults that offset 
unconsolidated Holocene age alluvium. The location of ground fissures are typically controlled by 
underlying geologic structure and typically coincide with pre-existing fault traces. 

In southerly portion of the Elsinore Trough, ground subsidence and associated ground fissuring 
related to changes in groundwater levels has occurred from Murrieta on the north to the upper Wolf 
Valley on the south near Temecula’s Redhawk area. The documented subsidence and fissuring has 
been confined to the area between fault traces where significant groundwater pumping has occurred.  

The site is within an area that is considered susceptible to subsidence per Riverside County and active 
faults cross the alignment just northeast of Palomar Road. Therefore, in the event groundwater 
withdrawal occurred within the valley there is a possibility for ground subsidence and fissuring to 
occur on the site.   
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7. CONCLUSIONS AND RECOMMENDATIONS 

7.1 General 

7.1.1 It is our opinion that neither soil nor geologic conditions were encountered during this site 
investigation that would preclude the construction of the proposed storm drain provided the 
recommendations presented herein are followed and implemented during design and 
construction of the project.  

7.1.2 Based on the borings, it is anticipated that undocumented fill and Pauba Formation will be 
exposed in the site excavation walls and bottom. Due to the anticipated density of these 
materials at the proposed trench sidewalls and bottoms, additional removals are not 
anticipated; however should soft or unsuitable soils be encountered, they will have to be 
excavated and properly compacted. The trench bottoms should be observed by a 
representative of Geocon prior the installation of the storm drain. 

7.1.3 It is anticipated that the storm drain will be installed beneath the existing roadways with 
conventional cut-and-cover methods. Excavations for construction of the storm drain may 
encounter cohesionless, sloughing soils. Sloping and/or shoring measures will be required 
in order to provide stable excavations. Recommendations for temporary excavations are 
provided in Section 7.7 of this report. 

7.1.4 Groundwater was encountered during our site exploration at a depth of 31.3 feet BGS in 
Boring B-4 along Refa Street. Groundwater is anticipated to be deeper southwest of the 
fault. It is not expected that groundwater will be a construction consideration during 
excavation for the storm drain, but perched water may be a nuisance during construction 
particularly during the rainy season. 

7.1.5 Any changes in the design, location or elevation of improvements, as outlined in this report, 
should be reviewed by this office. Geocon should be contacted to determine the necessity for 
review and possible revision of this report. 

7.2 Soil and Excavation Characteristics 

7.2.1 The in-situ material can be excavated with moderate effort using conventional excavation 
equipment. Some caving or sloughing should be anticipated where loose, granular, or 
cohessionless soil is encountered. 
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7.2.2 It is the responsibility of the contractor to ensure that excavations and trenches are properly 
shored and maintained in accordance with applicable OSHA rules and regulations to 
maintain safety and maintain the stability of existing adjacent improvements.  

7.2.3 Onsite excavations must be conducted in such a manner that potential surcharges from 
existing structures, construction equipment, and vehicle loads are resisted. The surcharge 
area may be defined by a 1:1 projection down and away from the bottom of an existing 
foundation or vehicle load. Penetrations below this 1:1 projection will require special 
excavation measures such as sloping or shoring. Excavation recommendations are provided 
in the Temporary Excavations section of this report (see Section 7.7). 

7.2.4 Based on the soil classifications, the existing granular site soils are generally expected to 
have a “low” to “medium” expansive potential as defined by ASTM International (ASTM) 
D4829. Based on laboratory testing of the clayey soils, the existing fine-grained site soils 
are generally considered to have a “medium” expansive potential. Based on the 2013 
California Building Code (CBC) Section 1803.5.3, soils with an expansive potential of less 
than 20 are classified as “non-expansive,” and greater than 20 are classified as “expansive.”  

7.3 Minimum Resistivity, pH and Water-Soluble Sulfate 

7.3.1 Potential of Hydrogen (pH) and resistivity testing, as well as chloride content testing, was 
performed on representative soil samples encountered during the exploration to generally 
evaluate the corrosion potential to subsurface utilities. The results for the tested samples are 
provided in Appendix B.  

7.3.2 The test results indicated chloride contents between 36 and 71 parts per million, water-
soluble sulfate between 0.002% and 0.003%, pH between 7.94 and 8.33, and resistivity 
measurements between 581 and 697 ohm centimeters. Caltrans Corrosion Guidelines 
(Caltrans, 2012) define corrosive soils as having chloride content greater than 500 parts per 
million, water-soluble sulfate greater than 0.2%, pH less than 5.5 or resistivity less than 
1,000 ohm centimeters. Based on the test results, the potential for corrosion of buried 
ferrous metals is high at the site. The results should be considered for design of 
underground structures. 

7.3.3 Laboratory tests were performed on representative samples of the site materials to measure 
the percentage of water-soluble sulfate content. Results from laboratory water-soluble sulfate 
tests indicate that the on-site materials possess “negligible” sulfate exposure to concrete 
structures as defined by 2013 CBC Section 1904.3 and ACI 318-11 Section 4.2 and 4.3. The 
table below presents a summary of concrete requirements set forth by 2013 CBC Section 
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1904.3 and ACI 318. Given the lack of sulfate exposure, no special considerations are 
needed for cement, provided the concrete has a 28-day compressive strength of 2,500 
pounds per square inch or more.  

REQUIREMENTS FOR CONCRETE EXPOSED TO  
SULFATE-CONTAINING SOLUTIONS 

Sulfate 
Exposure 

Exposure 
Class 

Water-Soluble 
Sulfate 
Percent 

by Weight 

Cement  
Type 

Maximum 
Water to 

Cement Ratio 
by Weight 

Minimum 
Compressive 
Strength (psi) 

Negligible S0 0.00-0.10 -- -- 2,500 
Moderate S1 0.10-0.20 II 0.50 4,000 

Severe S2 0.20-2.00 V 0.45 4,500 
Very 

Severe S3 > 2.00 V+Pozzolan 
or Slag 0.45 4,500 

 

7.3.4 The presence of water-soluble sulfates is not a visually discernible characteristic; therefore, 
other soil samples from the site could yield different concentrations. Additionally, over 
time landscaping activities along the access roads or from nearby developments (i.e., 
addition of fertilizers and other soil nutrients) may affect the concentration.  

7.3.5 Geocon does not practice in the field of corrosion engineering and mitigation. It is 
recommended that a corrosion engineer be retained to evaluate corrosion test results and 
incorporate the necessary precautions to avoid premature corrosion of buried metal pipes 
and concrete structures in direct contact with the soils. 

7.4 Earthwork for Utility Installation and Soil Backfill 

7.4.1 Earthwork is anticipated to include excavation of site soils and backfill for utility trenches. 
Utility trenches should be constructed in accordance with County of Riverside Standard 
Drawing No. 818 (Utility Trench Backfill), the Standard Specifications for Public Works 
Construction (Greenbook), and the following recommendations.  

7.4.2 Earthwork should be observed, and compacted fill tested by representatives of Geocon. The 
existing soils encountered during our exploration are considered suitable for use as 
engineered fill, provided any encountered oversize material (greater than 6 inches) and any 
encountered deleterious debris are removed.  
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7.4.3 A preconstruction conference should be held at the site prior to the beginning of installation 
of the storm drain with the contractor, civil engineer, geotechnical engineer, and City of 
Wildomar representative in attendance. Special soil handling requirements can be 
discussed at that time. 

7.4.4 The storm drain trench excavation bottoms should be observed and approved in writing by 
the Geotechnical Engineer (a representative of Geocon). Deleterious debris such as wood 
and root structures should be exported from the site and should not be mixed with the 
backfill soils.   

7.4.5 Any encountered deeper artificial fill or loose, soft, unsuitable soil should be completely 
removed from the excavation bottom or stabilized as necessary at the direction of the 
Geotechnical Engineer. 

7.4.6 The storm drain lines should be properly backfilled in accordance with the requirements of 
the latest edition of the Standard Specifications for Public Works Construction (Greenbook). 
The pipes should be bedded with clean sands (Sand Equivalent greater than 30) to a depth of 
at least one foot over the pipe. The use of gravel is not acceptable unless used in conjunction 
with filter fabric to prevent the gravel from having direct contact with soil. The remainder of 
the trench backfill may be derived from onsite soil or approved import soil, compacted as 
necessary, until the required compaction is obtained. The use of 2-sack slurry is also 
acceptable. However, consideration should be given to the possibility of differential 
settlement where the slurry ends and earthen backfill begins. These transitions should be 
minimized and additional stabilization should be considered at these transitions. Prior to 
placing any bedding materials or pipes, the excavation bottom must be observed and 
approved in writing by the Geotechnical Engineer (a representative of Geocon). 

7.4.7 Fill soils should be placed in horizontal loose layers approximately 6 to 8 inches thick, 
moisture conditioned, and properly compacted. If soils are granular and confirmed to be 
non-expansive by the geotechnical engineer, soils should be moisture conditioned to near 
or slightly above optimum moisture content. If soils are fine-grained or expansive, soils 
should be moisture conditioned to 2 to 3 percent above optimum moisture content. Fill 
should be compacted to a minimum 90 percent of the maximum dry density as evaluated 
by ASTM D 1557.  

7.4.8 Where new or replacement paving is to be constructed, the upper twelve inches of fill or 
backfill should be compacted to at least 95 percent of the maximum dry density as 
evaluated by ASTM D1557.  
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7.4.9 If imported soils are required, representative samples of the imported fill should be tested 
and approved by Geocon prior to bringing soil to the site. Rocks larger than six inches in 
diameter should not be used in the fill. If necessary, import soils used as structural fill 
should have an expansion index less than 20 and corrosivity properties that are equally or 
less detrimental to that of the existing onsite soils.  

7.4.10 All excavation bottoms must be observed and approved in writing by the Geotechnical 
Engineer (a representative of Geocon), prior to placing bedding materials. 

7.5 Shrinkage 

7.5.1 Shrinkage results when a volume of material removed at one density is compacted to a 
higher density. A shrinkage factor of between 5 and 10 percent should be anticipated when 
excavating and compacting the existing upper site soils to an average relative compaction 
of 92 percent (92 percent is the average relative compaction of fill placed at 90 percent or 
greater of the maximum dry density as evaluated by ASTM D1557).     

7.6 Preliminary Pavement Recommendations 

7.6.1 The proposed storm drain and any inlet structures within Charles and Palomar Streets, 
cross roadways. Construction in this area will require placing new asphalt concrete 
pavements where the storm drain is constructed beneath existing roadways. Roadway 
improvements should be constructed in accordance with the requirements of the City of 
Wildomar and the current edition of the Greenbook. The City of Wildomar uses the 
Riverside County Design Standards & Guidelines (Wildomar, 2014). 

7.6.2 The core sample taken on the southwestern side of Palomar (east bound lane) revealed 5.5 
inches of base with 6.5 inches of asphalt. The roadway appeared to be in good condition 
with some weathering observed. The pavement section along Charles Street, as revealed in 
Boring B-1, consisted of 3 inches of base and 4 inches of asphaltic concrete. 

7.6.3 In areas to receive new pavements, the upper 12 inches of soil at the pavement subgrade 
should be moisture conditioned to near or slightly above optimum moisture content and 
property compacted to at least 95 percent of the maximum dry density as evaluated by 
ASTM D1557. Where placing and compacting fine-grained soils, the upper 12 inches of 
soil should be moisture conditioned to near 2 to 3 percent above optimum moisture content. 

7.6.4 The following pavement sections are based on an estimated R-Value of 30. Once site 
grading activities are complete an R-Value tests should be performed on soil samples from 
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the street subgrade areas to confirm soil properties prior to placing pavement. Pavement 
thicknesses were determined following procedures outlined in the California Highway 
Design Manual (Caltrans). 

 7.6.5 The traffic index to be used for pavement section design should be confirmed by the project 
civil engineer and approved by the City of Wildomar prior to finalization of the pavement 
section design. If other traffic indices apply to the roadways, Geocon should be contacted 
to revise the recommended pavement sections.  

PRELIMINARY PAVEMENT DESIGN SECTIONS 

Roadway Street Classification and 
Traffic Index (TI)* 

Asphalt Concrete 
(inches) 

Class 2 Aggregate Base 
(inches) 

Refa Street Local – 5.5 3.5 6 
Charles Street Collector – 7.0 4.0 9.5 
Palomar Street Secondary Highway – 8.5 5.0 12 

*Based on County of Riverside Ordinance No. 461, Standard 114. Minimum   
thicknesses are based on assumed R-Value of 30, greater thickness may be required 
based on testing performed during construction or by County requirements. 

7.6.6 In place of using the preliminary pavement design sections provided above, the streets may 
be reconstructed using the minimum pavement sections in Riverside County Standard No. 
818 (Utility Trench Backfill) and placing asphalt concrete and aggregate base thicknesses 
at least 1 inch greater than what was removed for installation of the storm drain line.  

7.6.7 Asphalt concrete should conform to Section 203-6 of the Green Book. Class 2 aggregate base 
materials should conform to Section 26-1.02A of the Caltrans Standard Specifications. 
Crushed Miscellaneous Base should conform to Section 200-2.4 of the Greenbook.  

7.6.8 Unless specifically designed by a qualified structural engineer, where concrete paving will 
be utilized for support of vehicles, it is recommended that the concrete be a minimum of 5 
inches thick and reinforced with No. 3 steel reinforcing bars placed 18 inches on center in 
both horizontal directions. Concrete paving supporting vehicular traffic should be underlain 
by a minimum of 4 inches of aggregate base and a properly compacted subgrade. The 
subgrade should be compacted to at least 95 percent of the maximum dry density as 
evaluated by ASTM D1557. The base material should be compacted to at least 95 percent 
of their maximum dry density as evaluated by ASTM D1557. 

7.6.9 The performance of pavements is highly dependent upon providing positive surface 
drainage away from the edge of pavements. Ponding of water on or adjacent to the 
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pavement will likely result in saturation of the subgrade materials and subsequent cracking, 
subsidence and pavement distress. If planters are planned adjacent to paving, it is 
recommended that the perimeter curb be extended at least 12 inches below the bottom of 
the aggregate base to minimize the introduction of water beneath the paving. 

7.7 Temporary Excavations 

7.7.1 Excavations on the order of 10 to 15 feet below the existing ground surface are anticipated 
for construction of the storm drain; and it is anticipated that the proposed inlet structures 
and storm drain lines will be installed with conventional cut-and-cover methods. 

7.7.2 The excavations are expected to expose material which is suitable for vertical excavations 
of up to five feet where loose soils or caving sands are not present and where not 
surcharged by adjacent traffic or structures. 

7.7.3 Vertical excavations greater than five feet will require sloping measures in order to provide 
a stable excavation. Where sufficient space is available, temporary unsurcharged 
embankments could be sloped back at a uniform 1:1 slope gradient or flatter.  

7.7.4 Where there is insufficient space for sloped excavations, shoring or trench shields should 
be used to support excavations. Shoring may also be necessary where sloped excavation 
could remove vertical or lateral support of existing improvements, including existing 
utilities and adjacent structures. Recommendations for temporary shoring are provided in 
the following section. 

7.7.5 Where sloped embankments are utilized, the top of the slope should be barricaded to 
prevent vehicles and storage loads at the top of the slope within a horizontal distance equal 
to the height of the slope. If the temporary construction embankments are to be maintained 
during the rainy season, berms are suggested along the tops of the slopes where necessary 
to prevent runoff water from entering the excavation and eroding the slope faces. Geocon 
personnel should inspect the soils exposed in the cut slopes during excavation so that 
modifications of the slopes can be made if variations in the soil conditions occur.  

7.8 Temporary Shoring 

7.8.1 Where there is insufficient space to perform sloped excavations, shoring may be 
implemented. It is anticipated that braced shoring, such as conventionally braced shields or 
cross-braced hydraulic shoring, will be utilized; however the selection of the shoring system 
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is the responsibility of the contractor. Shoring systems should be designed by a California 
licensed civil or structural engineer with experience in designing shoring systems.  

7.8.2 It is recommended that an equivalent fluid pressure based on the table below, be utilized 
for design of shoring. These pressures are based on the assumption that the shoring is 
supporting a level backfill and there are no hydrostatic pressures above the bottom of the 
excavation.  

HEIGHT OF SHORED 
EXCAVATION 

(FEET) 

EQUIVALENT FLUID 
PRESSURE 

(Pounds Per Cubic Foot) 
(ACTIVE PRESSURE) 

EQUIVALENT FLUID 
PRESSURE 

(Pounds Per Cubic Foot) 
(AT-REST PRESSURE) 

Up to 15 31 51 
 

7.8.3 It is very important to note that active pressures can only be achieved when movement in 
the soil (earth wall) occurs. If movement in the soil is not acceptable, such as adjacent to an 
existing structure or where braced shoring will be utilized the at-rest pressure should be 
considered for design purposes. 

7.8.4 Additional active pressure should be added for a surcharge condition due to sloping 
ground, construction equipment, vehicular traffic, or adjacent structures and should be 
designed for each condition as the project progresses. 

7.8.5 In addition to the recommended earth pressure, the upper ten feet of the shoring adjacent to 
the street or driveway areas should be designed to resist a uniform lateral pressure of 100 
psf, acting as a result of an assumed 300 psf surcharge behind the shoring due to normal 
street traffic. If the traffic is kept back at least ten feet from the shoring, the traffic 
surcharge may be neglected.  

7.8.6 Prior to excavation, it is recommended that existing improvements near the proposed 
excavation be inspected to document the present condition. For documentation purposes, 
photographs should be taken of preconstruction distress conditions and level surveys of 
adjacent grade and pavement should be considered. Preconstruction documentation is not 
the responsibility of the geotechnical engineer.  

7.8.7 Because of the depth of the excavation, some means of monitoring the performance of the 
shoring system is suggested. Adjacent structures and pavement should be periodically 
inspected for signs of distress. In the event that distress or settlement is noted, an 



 

Project No. T2599-22-01 - 16 - September 4, 2014 
 

investigation should be performed and corrective measures taken sot that continued or 
worsened distress or settlement is mitigated.  

7.9 Plan Review 

7.9.1 Plans should be reviewed by the Geotechnical Engineer (a representative of Geocon), prior 
to finalization to verify that the plans have been prepared in substantial conformance with 
the recommendations of this report and to provide additional analyses or recommendations. 
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LIMITATIONS AND UNIFORMITY OF CONDITIONS 

1. The recommendations of this report pertain only to the site investigated and are based upon 
the assumption that the soil conditions do not deviate from those disclosed in the 
investigation. If any variations or undesirable conditions are encountered during construction, 
or if the proposed construction will differ from that anticipated herein, Geocon West, Inc. 
should be notified so that supplemental recommendations can be given. The evaluation or 
identification of the potential presence of hazardous or corrosive materials was not part of the 
scope of services provided by Geocon West, Inc. 

2. This report is issued with the understanding that it is the responsibility of the owner, or of his 
representative, to ensure that the information and recommendations contained herein are 
brought to the attention of the architect and engineer for the project and incorporated into the 
plans, and the necessary steps are taken to see that the contractor and subcontractors carry out 
such recommendations in the field. 

3. The findings of this report are valid as of the date of this report. However, changes in the 
conditions of a property can occur with the passage of time, whether they are due to natural 
processes or the works of man on this or adjacent properties. In addition, changes in 
applicable or appropriate standards may occur, whether they result from legislation or the 
broadening of knowledge. Accordingly, the findings of this report may be invalidated wholly 
or partially by changes outside our control. Therefore, this report is subject to review and 
should not be relied upon after a period of three years. 
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APPENDIX A 

FIELD INVESTIGATION 

The site exploration was performed on July 17, 2014 by excavating seven 8-inch diameter borings 
utilizing a truck mounted hollow-stem auger drilling machine and one pavement core. The borings 
were advanced to depths between about 20½ and 51½ feet below the existing ground surface. 
Representative disturbed and relatively undisturbed samples were obtained by driving both a 2 inch 
outside diameter (O. D.) standard penetration test sampler and a 3 inch O. D., California Modified 
Sampler into the “undisturbed” soil mass with blows from a 140-pound hammer falling 30 inches. 
The California Modified Sampler was equipped with 1-inch high by 23/8-inch diameter brass sampler 
rings to facilitate removal and testing. Bulk samples of disturbed soils were placed in plastic bags and 
sealed. 

The soil conditions encountered in the borings were visually examined, classified and logged in 
general accordance with the Unified Soil Classification System (USCS). Logs of the borings are 
presented on Figures A-1 through A-7. The logs depict the soil and geologic conditions encountered 
and the depth at which samples were obtained. The approximate locations of the borings and core 
sample are indicated the Boring Location Map, Figure 2. 
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B-4@40.0'

B-4@45.0'

B-4@50.0'
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... SAMPLING UNSUCCESSFUL
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CLASS

(USCS)
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R

23

Sandy CLAYSTONE, very stiff, moist, yellow brown, trace mica; some
reddish brown mottling

SC

CL

SC

CL

SC-SM

B-4@35.0'
Clayey SANDSTONE, medium dense, saturated, brown; sand is fine- to
coarse-grained

B-4@30.0'

Clayey to Silty SANDSTONE, medium dense, moist, reddish brown; sand
is fine- to medium-grained; some mica

TOTAL DEPTH 51.5 FEET
Groundwater encountered at 35.5', settled at 31.3'

No Caving
Backfilled with soil cuttings 07/17/2014

*Penetration resistance for 140 lb. hammer falling 30 in. by auto-hammer

... DISTURBED OR BAG SAMPLE

Sandy CLAYSTONE, very stiff, moist, brown; sand is fine- to
medium-grained
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B-5@20.0'
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CLAYSTONE, hard, moist, brown; some fine-grained sand

ML

SC

SM

CL

ML

7.7

37.0

UNDOCUMENTED FILL (udf)
Sandy SILT, hard, damp, dark brown; sand is fine to medium; Refa Street
(dirt road)

B-5@7.5'

Silty SANDSTONE, very dense, moist, brown; sand is fine- to
medium-grained; some coarse-grained sand; trace clay; some mica; weakly
cemented

B-5@2.5'

SILTSTONE, hard, moist, olive; some fine-grained sand; some clay; some
mica

TOTAL DEPTH 20.5 FEET
No Groundwater

No Caving
Backfilled with soil cuttings 07/17/2014

*Penetration resistance for 140 lb. hammer falling 30 in. by auto-hammer

PAUBA FORMATION (Qps)
Clayey SANDSTONE, very dense, damp, dark reddish brown; sand is
fine- to coarse-grained; some silt; moderately cemented
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109.7

B-6@15.0'

B-6@20.0'

50/4"

69

40
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105.1

-Becomes olive; some carbonates; trace fine-grained sand; trace clay

ML
ML

SM

CL

34.3

20.1

18.2

17.3

B-6@10.0'

PAUBA FORMATION (Qps)
Sandy SILTSTONE, hard, damp, dark brown; sand is fine-grained

B-6@5.0' -Becomes moist

Silty SANDSTONE, medium dense, moist, brown; sand is fine- to
medium-grained; some clay

Sandy CLAYSTONE, very stiff, moist, brown, some fine-grained sand;
some mica; weakly indurated

TOTAL DEPTH 20.5 FEET
No Groundwater

No Caving
Backfilled with soil cuttings 07/17/2014

*Penetration resistance for 140 lb. hammer falling 30 in. by auto-hammer

UNDOCUMENTED FILL (udf)
Sandy SILT, hard, dry, light brown; sand is fine- to coarse-grained; Refa
Street (dirt road)

MATERIAL DESCRIPTION

PROJECT NO.

BORING B-6

NOTE:

... SAMPLING UNSUCCESSFUL

SAMPLE

NO.

(B
LO

W
S

/F
T.

)

THE LOG OF SUBSURFACE CONDITIONS SHOWN HEREON APPLIES ONLY AT THE SPECIFIC BORING OR TRENCH LOCATION AND AT THE DATE INDICATED.
IT IS NOT WARRANTED TO BE REPRESENTATIVE OF SUBSURFACE CONDITIONS AT OTHER LOCATIONS AND TIMES.
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B-7@7.5'

B-7@20.0'

B-7@10.0'

23

B-7@5.0'

B-7@2.5'

B-7@1'-5'

... SAMPLING UNSUCCESSFUL

B-7@15.0'

T2599-22-01
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T 
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)

110.5

119.8

83

32

49

33

10.5

9.9

PAUBA FORMATION (Qps)
Silty SANDSTONE to Sandy SILTSTONE, medium dense to stiff, damp,
dark brown; sand is fine-grained; some medium-grained sand; grass at
surface

7.3

SC

SM

CL

SM

SM/ML

Clayey SANDSTONE, very dense, damp, dark brown; sand is fine- to
coarse-grained

-Becomes olive; sand is fine- to medium-grained

115.1

Silty SANDSTONE, very dense, damp, olive; sand is fine- to
medium-grained; some clay

-Becomes stiff

Sandy CLAYSTONE, very stiff, damp, dark brown; sand is fine- to
medium-grained; trace coarse-grained sand; moderately indurated

-Some clay

-Becomes dark brown, sand is fine- to medium-grained

Silty SANDSTONE, medium dense, damp, reddish brown; sand is fine- to
coarse-grained

TOTAL DEPTH 20.5 FEET
No Groundwater

No Caving
Backfilled with soil cuttings 07/17/2014

*Penetration resistance for 140 lb. hammer falling 30 in. by auto-hammer
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Project No. T2599-22-01  September 4, 2014  

APPENDIX B  

LABORATORY TESTING 

Laboratory tests were performed in accordance with generally accepted test methods of ASTM 
International, or other suggested procedures. Selected samples were tested for direct shear strength, 
grain size distribution, collapse potential, expansion index, water soluble sulfate content, corrosion, 
maximum density/optimum moisture, sand equivalent, and in-place dry density and moisture content. 
The results of the laboratory tests are summarized in Figures B1 through B8. The in-place dry density 
and moisture content of the samples tested are presented in the boring logs in Appendix A. 



 
 

SUMMARY OF LABORATORY MAXIMUM DRY DENSITY 
AND OPTIMUM MOISTURE CONTENT TEST RESULTS 

ASTM D1557 

Sample No. Description 
Maximum 

Dry Density 
(pcf) 

Optimum 
Moisture Content

(% dry wt.) 

B-4@1’-5’ Clayey fine to medium SAND with little silt and 
trace gravel (SC), dark yellow brown 119.8 13.3 

B-5@1’-5’ Clayey SAND with trace gravel (SC), dark brown 134.5 8.0 
 

 
SUMMARY OF LABORATORY EXPANSION INDEX TEST RESULTS 

ASTM D4829 

Sample No. 
Moisture Content Dry Density 

(pcf) 
Expansion 

Index Before Test (%) After Test (%) 

B-1@1’-5’ 8.5 17.0 116.4 44 
B-7@7.5’ 9.8 20.6 109.3 62 

 
 

SUMMARY OF CHEMICAL TEST RESULTS 

Sample No. Chloride Content 
(ppm) 

Sulfate Content 
(%)  pH Resistivity 

(ohm centimeters) 

B-1@1’-5’ 71 0.003 8.33 697 
B-5@1’-5’ 36 0.002 7.94 581 

Resistivity and pH determined by Cal Trans Test 532. 
Chloride content determined by California Test 422. 
Water-soluble sulfate determined by California Test 417. 

 

   

   
   
   
   

LABORATORY TEST RESULTS
 

WILDOMAR MASTER DRAINAGE PLAN 
LATERAL C-1 STORM DRAIN 

(AKA BILLIE ANN ROAD STORM DRAIN) 
WILDOMAR, CALIFORNIA

SEPTEMBER, 2014 
 

PROJECT NO. T2599 - 22 - 01 
 

FIG. B1 NJT 



   

   
SUMMARY OF SAND EQUIVALENT VALUE TEST RESULTS 

ASTM D2419 

Sample No. Description Sand Equivalent 
Value 

B-1@2.5’ Clayey SAND (SC), brown 13 
B-2@7.5’ Clayey SAND (SC), brown 13 

B-3@10.0’ Silty CLAY (CL), light grayish brown 8 
B-4@5.0’ Silty Clayey SAND (SC-SM), olive brown 14 
B-5@7.5’ Silty Clayey SAND (SC-SM), dark yellowish brown 14 
B-7@2.5’ Silty SAND (SM), very dark brown 17 

 

LABORATORY TEST RESULTS
 

WILDOMAR MASTER DRAINAGE PLAN 
LATERAL C-1 STORM DRAIN 

(AKA BILLIE ANN ROAD STORM DRAIN) 
(WILDOMAR, CALIFORNIA)

 

PROJECT NO. T2599 - 22 - 01 
 

FIG. B2 NJT SEPTEMBER, 2014 



*B-4@1-5' CL 108.7 12.6 21.1 299 [255] 31 [32]
*sample remolded to approximately 90% of the maximum dry density
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DIRECT SHEAR TEST RESULTS
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SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B4NJT
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B-3@10' SC 102.4 22.2 28.6 367 [52] 34 [35]
*sample remolded to approximately 90% of the maximum dry density
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DIRECT SHEAR TEST RESULTS
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SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B3NJT
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B-4@15' SC 123.9 9.3 11.7 775 [78] 38 [41]
*sample remolded to approximately 90% of the maximum dry density
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SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B5NJT
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B-7@10' SC 113.6 10.6 20.0 177 [90] 29 [29]
*sample remolded to approximately 90% of the maximum dry density
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DIRECT SHEAR TEST RESULTS
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SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B6NJT
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SAMPLE
ID

B-4@10.0'
B-4@20.0'
B-4@30.0' Clayey SAND with trace gravel (SC), reddish brown

SAMPLE DESCRIPTION

Clayey SAND with trace gravel (SC), yellowish brown
Clayey SAND with trace gravel (SC), grayish brown

GRAIN SIZE DISTRIBUTION

WILDOMAR MASTER DRAINAGE PLAN
LATERAL C-1 STORM DRAIN

(AKA BILLIE ANN ROAD STORM DRAIN)
WILDOMAR, CALIFORNIA

SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B7PDT
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SAMPLE
ID

B-4@40.0'
B-4@50.0'
B-7@1-5' Silty SAND with trace gravel (SM), brown

SAMPLE DESCRIPTION

Clayey SAND with few gravel (SC), reddish brown
Silty Clayey SAND with trace gravel (SC-SM), yellowish brown

GRAIN SIZE DISTRIBUTION

WILDOMAR MASTER DRAINAGE PLAN
LATERAL C-1 STORM DRAIN

(AKA BILLIE ANN ROAD STORM DRAIN)
WILDOMAR, CALIFORNIA

SEPTEMBER, 2014 PROJECT NO. T2599 - 22 - 01 FIG. B8PDT
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