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August 11, 2021 

       Project No. 21203-01 

TO: Pacifica Investments 
 333 City Boulevard West, 17th Floor 
 Orange, CA 92868 
 
ATTENTION: Oscar Graham  

 
SUBJECT: Soil Investigation, Infiltration Tests and Liquefaction Evaluation Report, Proposed 

Residential Development Site, Alessandro Boulevard (APN 487-470-022), City of Moreno 
Valley, California 

 
Introduction 

 
In accordance with your authorization, Soil Exploration Co., Inc. has performed a preliminary soil 
investigation, infiltration tests and liquefaction evaluation for the subject site.  The accompanying report 
presents a summary of our findings, conclusions, recommendations, and limitations of our work for 
proposed two-story wood frame residential development. 
 
Scope of Work 

 Review soils, geologic, seismic, groundwater data and maps in our files. 
 Perform exploration of the site by means of eight 8” diameter borings, 20 to 50 feet deep, at readily 

accessible locations. 
 Field engineer (California Registered RCE) for logging of the excavations, sampling of select soils, 

observation of excavation resistance, record SPT blow counts and water seepage (if any). 
 Perform basic laboratory testing of select soil samples, including moisture, density, expansion 

potential, sieve analysis, maximum dry density/optimum moisture content and corrosion potential (pH, 
chlorides, resistivity and water soluble sulfates). 

 Perform digitized search of known faults within a 50-mile radius of the site. 
 Determine CBC (2019) seismic parameters. 
 Consult with civil/structural design consultants. 
 Perform two shallow infiltration tests at locations suggested by civil design engineer for WQMP 

design purposes. 
 Prepare a report of our findings, conclusions and recommendations for site preparation, including 

overexcavation/removal depth, allowable bearing value, foundation/slab-on-grade depth /thickness 
/reinforcement recommendations, excavation characteristics of earth materials, lateral earth 
pressures for retaining walls design, pavement thickness estimates, suitability of onsite soils for 
compacted fills, liquefaction/dynamic settlement evaluation, general earthwork and grading 
specifications, California Building Code (2019) seismic design coefficients, Cal/OSHA classification of 
soils and infiltration rate (inches/hour). 
 

Site Conditions 
 

The 18.48 acres, rectangular shaped, relatively flat, vacant site is located on the north side of Alessandro 
Boulevard, south side of Bay Avenue and east of Morrison Street, in the City of Moreno Valley, Riverside 
County, California. Alessandro Boulevard and Bay Avenue is paved road. Existing houses are located on 
adjacent property to the east. Vegetation consists of dense weeds. 
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The approximate locations of the above and other features are shown on Exploratory Boring and 
Infiltration Test Location Map, Plate 1. 

Proposed Development 

We understand that the site is proposed for a single family residential development and associated 
improvements.  The structures will be light, two-story wood frame construction with concrete floor slabs 
supported on prepared subgrade.  Grading plans are not available for review at this time, however based on 
the relatively flat topography of the site; modest cut or fill grading and no significant cut or fill slopes are 
proposed. 

Field Work 

Eight exploratory borings were drilled on July 30, 2021, to a maximum depth of 50 feet below existing 
ground surface utilizing a CME-85 mobile drill rigs equipped with 8-inch diameter hollow stem augers.  Refer 
to Plate 1 for boring locations.  The borings were logged by a California Registered Civil Engineer. 
Standard Penetration Tests (SPT) blow counts were recorded for the earth materials.  Relatively 
undisturbed samples of the soils were also obtained by utilizing California Ring Sampler. 

In general, these borings revealed that the site surface soils consist of silty sand, sand, and sand with silt 
(USCS “SM”, “SP”, and “SP-SM”).  The granular earth materials are generally dry to slightly and medium to 
very dense.  Detailed descriptions of the earth materials encountered are presented in the form of 
Geotechnical Boring Logs in Appendix B.   

USGS Geologic Map of the Sunnymead Quadrangle shows the site area is underlain with young alluvial fan 
deposits and very old alluvial fan deposits (see Figure 2). 

Laboratory Testing 

Basic laboratory tests were performed for select soil samples.  The tests consisted primarily of natural 
moisture contents, dry densities, sieve analysis, maximum dry density/optimum moisture content and 
corrosion potential (pH, chlorides, resistivity and water soluble sulfates).  Laboratory test results are 
presented in Appendix C and with Geotechnical Boring Logs in Appendix B. 

Groundwater 

Groundwater, seepage or wet soils were not encountered in our exploratory borings, drilled to a maximum 
depth of 50 feet, at the time this work was performed.  Groundwater study is not within the scope of this 
work.  Groundwater data from well in the vicinity of the site is tabulated below (see Figure 1, Site Location 
Map, for location of well): 

Well No. 
WSE* 

(ft) 
Date 

Measured 
Distance/Location 

Relative to Site 

Estimated Depth 
of Water Below 

Site (ft)
1402.38 5/29/1959 

0.91miles/SE 
139.2 

1406.95 9/15/1986 134.63 

* WSE = Water Surface Elevation

Liquefaction Evaluation 

The potential for liquefaction in an area is a function of soil type and depth of groundwater. Poorly 
consolidated soils combine with groundwater during an earthquake, losing their shear strength and taking 
on the properties of a heavy liquid. This process, termed liquefaction, can result in the loss of foundation 
support, ground failure due to lateral spreading, and settlement of affected soils. Three general conditions 
must be met for liquefaction to occur: (1) strong ground shaking of relatively long duration; (2) loose, or 



Alessandro Blvd.  Project No. 21203-01 
Moreno Valley, California  August 11, 2021 
____________________________________________________________________________________________ 

Soil Exploration Co., Inc. Page 3 

unconsolidated, recently deposited sediments consisting primarily of silty sand and sand; and (3) water 
saturated sediments within about 50 feet of the surface. 

Based on Riverside County GIS Map, the site is located within an area of low to moderate liquefaction 
potential (see Figure 3).  Considering depth to groundwater (over 50 feet below ground surface), the 
potential for liquefaction at the site is very low. 

Liquefaction Analysis/Dynamic Settlement: LiquefyPro 

Liquefaction susceptibility using Standard Penetration Test data and laboratory Gain size test results were 
analyzed using LiquefyPro software (Version 5.5g). A predominant earthquake magnitude of 7.0 (USGS 
Interactive Deaggregation, 10% probability of exceedance in 50 years) was used. An associated ground 
acceleration of 0.57g (equivalent to two-thirds of PGAM), and a historic high depth to groundwater of 130 
feet below the existing ground surface were used in our liquefaction evaluation. The software output is 
presented in Appendix . 

The main observations of the results are as follows: 

Boring No. Total settlement 
(inch) 

Differential Settlement 
(inch) 

B-4 1.7 0.851 to 1.124 

Onsite soils at the site in general have a Safety Factor of 5.0 against liquefaction.

Seismicity/Faulting 

A computer search of all known Quarternary major faults within 50 miles of the site from USGS 
Earthquake Hazards Program is presented in Appendix D.  Please note that it is probable that not all 
active or potentially active faults in the region have been identified.  Furthermore, seismic potential of the 
smaller and less notable faults is not sufficiently developed for assignment of maximum magnitudes and 
associated levels of ground shaking that might occur at the site due to these faults. 

Secondary Seismic Hazards 

Lateral Spreading 

Lateral spreading is a phenomenon in which large blocks of intact, non-liquefied soil move downslope on a 
liquefied layer. Lateral spreading is often a regional event. For lateral spreading to occur, the liquefiable soil 
zone must be laterally continuous, unconstrained laterally, and free to move along sloping ground. Due to 
the low susceptibility for liquefaction, the potential for lateral spreading is considered very low. 

Surface Rupture 

The site is not located within a currently designated Alquist-Priolo earthquake fault zone. The potential for 
surface rupture on the subject site is considered low. 

Conclusions and Recommendations 

Conclusions 

All vegetable matter, old fills, buried utilities/irrigation lines, etc. and deleterious materials would
require removal from the proposed building/grading areas.

Overexcavation and recompaction of the loose surficial soils should be anticipated to provide
adequate and uniform support for the proposed structures.  All surficial earth materials encountered
during our investigation can be excavated with normal grading equipment in good working condition.
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 Onsite earth materials, cleansed of oversize cobbles and boulders (over 6 inches, if any), should be 
suitable for engineered/compacted fills. 

 
 Based on laboratory test results, the expansion potential of onsite near surface silty sands is very low 

(EI=7). 
 
 Subsequent to site preparation, the use of shallow spread and/or continuous footing foundations 

appears feasible for the proposed construction.   
 
 Flooding potential of the site should be determined by the design civil engineer and considered in 

planning and construction. 
 
 Site is located approximately 3.41 miles from the San Jacinto fault.  The site is located in a region of 

generally high seismicity, as is all of Southern California.  During its design life, the site is expected to 
experience moderate to strong ground motions from earthquakes on regional and/or nearby causative 
faults. 

 
 There is a 2 percent probability in 50 years (2475 year return period) that site modified peak ground 

acceleration at the site (PGAm) will exceed 0.853g (see Appendix D). 
 
 Groundwater was not encountered during subsurface investigation.  Our experience indicates that 

surface or near-surface groundwater conditions can develop in areas where groundwater conditions 
did not exist prior to site development, especially in areas where a substantial increase in surface 
water infiltration results from landscape irrigation.  

 
Recommendations 
 
Site Preparation/Overexcavation 
 
Grading and backfills should be performed in accordance with the City of Moreno Valley Grading 
Ordinance and attached General Earthwork and Grading Specifications (Appendix E), except as modified 
in the text of this report.  
 
Structures should be provided with a compacted fill mat that extends to at least 5 feet beyond the 
structure lines in plan and to a depth of at least 5 feet below existing or proposed grade, whichever is 
deeper.  The excavated bottom should be cleaned from roots, soft spots, wet spots, porous soils, old 
foundations, seepage pits and deleterious materials, etc.  As a result, deeper excavations should not be 
precluded and this should be determined by observations and testing of excavated bottoms during 
grading. 

 
After cleaning of the excavated bottom, the exposed surfaces should be further scarified to a depth of at 
least 12-inches, moisture conditioned/thoroughly watered and recompacted by utilizing heavy vibratory 
rollers to at least 90 percent of the maximum dry density, as determined by ASTM D1557-12 Test 
Method, prior to placement of fill.  Oversize material (larger than 6-inch size, if any) should not be utilized 
for structural fills.  All fills should be placed on underlying medium dense native soils and compacted to at 
least 90 percent of the maximum dry density.   
 
The purpose of the above recommendations is to provide at least 3.5 feet of compacted fill mat below the 
foundation bottoms. 

 
Compacted Fills/Imported Soils
 
Any soil to be placed as fills, whether presently onsite or import, should be approved by the soil engineer 
or his representative prior to its placement.  All onsite soils to be used as fill should be cleansed of any 
roots or other deleterious materials.  Cobbles larger than 3 inches in diameter should not be placed in the 
vicinity of foundations and utility lines.  All fills should be placed in 6 to 8 inch loose lifts, thoroughly 
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watered, mixed and compacted to at least 90 percent relative compaction.  This is relative to the 
maximum dry density determined by ASTM 1557-12 Test Method. 

 
Foundation Design/Footings 
 
Following site preparation, the use of shallow spread and/or continuous footings is feasible.  An allowable 
bearing value of 1800 psf is recommended. This bearing pressure has been established based on the 
assumption that the footings will be embedded at least 18-inches below lowest adjacent firm grade and into 
the onsite compacted soil mat, and measure at least 15-inches in width.  Isolated column footings should 
be at least 24 inches wide and embedded at least 24 inches below lowest adjacent firm grade.   
 
The above bearing value may be increased by one third for temporary (wind or seismic) loads.  We 
recommend footings reinforcement should be at least two No. 5 bars at top and two at the bottom of 
footings.  Conventional foundation should be in accordance with current California Building Code (CBC) 
2019, with design by a qualified structural engineer.  Please note that foundation design is under the 
purview of the structural engineer and structural engineer may have more restrictive requirements which 
will govern. 
 
Settlement and Shrinkage 
 
The estimated total settlement of the structures supported on spread footings as recommended above is 
less than 1 inch. The differential settlement is estimated to less than ½ inch over a horizontal of 30 feet 

 
Based on density tests performed, average 17 percent shrinkage may be considered on upper 5 feet of 
onsite soils. 

 
Conventional Residential Slabs-On-Grade 
 
Residential slabs-on-grade should be at least 4 inches thick and should be reinforced with at least No. 3 
bars at 18-inches on-center both ways, properly centered in mid-thickness of slabs (structural 
recommendations govern).  Slabs-on-grade should be underlain with 10-mil Visqueen moisture barrier.  
The moisture barrier should be underlain by two inches of clean rolled sand. 
 
Tentative Pavement Design 
 
Based on a design R-value of 44 from laboratory testing and typical traffic indices, the recommended 
sections are outlined as follows: 

 
Traffic Index 

(TI) 
Asphalt Concrete 

(inches) 
Aggregate Base (CAB) 

(inches) 
5 2.5 4 
6 3 5.5 
7 4 6 
8 5 6.5 
9 6 7 

 
The upper at least 12 inches of the subgrade soils below new pavements should be compacted to at least 
90 percent relative compaction.  Minimum relative compaction requirements for aggregated base should 
be 95 percent of the maximum laboratory dry density as determined by ASTM D1557-12. 
 
Final pavement design shall be based on R-value testing of the subgrade soils at the completion of 
grading. 
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Hardscape Areas/Compaction/Concrete Joints 
 
The upper at least 12 inches of subgrade soils for hardscape areas should be scarified and compacted to 
at least 90 percent. 
 
The joints spacing for concrete slabs should be determined by the project architect.  Joints should be laid 
out to form approximately square panels (equal transverse and longitudinal joint spacing).  Rectangular 
panels, with the long dimension no more than one-and-one-half times the short, may be used when 
square panels are not feasible.  The depth of longitudinal and transverse joints should be one-fourth the 
depth of the slab thickness. 

 
Joint layout should be adjusted so that the joints will line up with the corners of structures, small 
foundations, and other built-in structures.  Acute angles or small pieces of slab curves as a result of joints 
layout should not be permitted. 
 
Concrete Curing 
 
Fresh concrete should be cured by protecting it against loss of moisture, rapid temperature change and 
mechanical injury for at least 3 days after placement.  Moist curing, waterproof paper, white polyethylene 
sheeting, white liquid membrane compound, or a combination thereof may be used.  After finishing 
operations have been completed, the entire surface of the newly place concrete should be covered by 
whatever curing medium is applicable to local conditions and approved by the engineer.  The edges of 
concrete slabs exposed by the removal of forms should be protected immediately to provide these 
surfaces with continuous curing treatment equal to the method selected for curing the slab surfaces.  The 
contractor should have at hand, and ready to install before actual placement begins, the equipment 
needed for adequate curing of the concrete.   
 
In hot or windy weather (80°F or 15 mph), the contractor must take appropriate curing precautions after the 
placement of concrete.  The use of mechanically compacted low slump concrete (not exceeding 4 inches at 
the time of placement) is recommended.  We recommend that a slipsheet (or equivalent) be utilized if 
grouted tiles or other crack sensitive flooring is planned directly on concrete slabs. 

 
Special Considerations/Excess Soils from Foundation Excavations 
 
Excess soils generated from foundation excavations should not be placed on slabs and driveways 
subgrade without proper moisture and compaction.  Slab subgrade should be verified to contain 1.2 times 
the soil optimum moisture content to a depth of 6 inches prior to placement of slab building materials.  
Moisture content should be tested in the field by the soil engineer.  The addition of fiber mesh in the 
concrete and careful control of water/cement ratios may lessen the potential for slab cracking.   

 
Lateral Earth Pressures/Retaining Walls 

 
The following lateral earth pressures and soil parameters, in conjunction with the above-recommended 
bearing value (1800 psf), may be used for design of retaining walls with free draining compacted backfills.  
If passive earth pressure and friction are combined to provide required resistance to lateral forces, the 
value of the passive pressure should be reduced to two-thirds the following recommendations: 

 
 Active Earth Pressure with level backfill (Pa) 35 pcf (EFP), drained, yielding 
 At Rest Pressure (P0)   55 pcf (EFP), drained, non-yielding (part of building wall) 
 Passive Earth Pressure (Pp)  250 pcf (EFP), drained, maximum of 2500 psf 
 Horizontal Coefficient of Friction ( )  0.30 
 Unit Soil Weight ( t)   120 pcf 
  

We recommend drainage for retaining walls to be provided in accordance with Plate 3 of this report.  
Maximum precautions should be taken when placing drainage materials and during backfilling.  All wall 
backfills should be properly compacted to at least 90 percent relative compaction.   
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Seismic Considerations 
 
The site is located approximately 3.41 miles from the San Jacinto fault.  Moderate to strong ground 
shaking can be expected at the site and there is a 2 percent probability in 50 years (2475 year return 
period) that site modified peak ground acceleration at the site (PGAm) will exceed 0.853g.  The site soil 
profile is Class D.  The structural engineer must consider City/County local codes, California Building 
Code (CBC) 2019 seismic data presented in this report (Appendix D), the latest requirements of the 
Structural Engineers Association, and any other pertinent data in selecting design parameters. 

 
Expansion Index and Corrosion/Soluble Sulfates 

 
Based on the laboratory test results, the expansion potential of the near surface sandy soils is very low 
(EI=7). 
 
Results of tests performed by Enviro - Chem, Inc. of Pomona, California on a select soil samples are 
summarized as below: 
 
Sample Location Sample 

Depth (ft) 
PH Resistivity 

(ohm-cm) 
Sulfate Content 

(%) 
Chloride Content

(ppm) 
B-6 0-2.0 7.84 9620 0.00158 30.0 

 
Based on test results, soil indicates negligible soluble sulfate exposure (less than 0.1 percent water soluble 
sulfates by weight). Therefore, there is no restriction on cement type.  Based on resistivity test results, soil 
is mildly to moderately corrosive and ferrous metals/pipes/reinforcement should be protected.  Concrete, 
mix, placement and curing for concrete should comply with ACI guidelines.  If critical, these should be 
further verified by your structural or a corrosion engineer. 
 
Drainage 
 
Positive drainage must be provided and maintained for the life of the project around the perimeter of the 
structures and all foundations toward streets or approved drainage devices to minimize water infiltration into 
the underlying soils.  In addition, finish subgrade adjacent to exterior footings should be sloped down and 
away to facilitate surface drainage.  Roof drainage should be collected and directed away from foundations 
and slopes via nonerosive devices. Water, either natural or by irrigation, should not be permitted to pond or 
saturate the foundation soils. 
 
Cal/OSHA Classification/Trench Excavations/Backfills 

 
In general Cal/OSHA classification of onsite soils appears to be Type C. 
 
Temporary trench excavations deeper than 5 feet should be shored or sloped at 1.5:1 or flatter in 
compliance with Cal/OSHA requirements: 

 
a.) The shoring should be designed by a qualified engineer experienced in the shoring design. 

 
b.) The tops of any temporary unshored excavations should be barricaded to prevent vehicle and storage 

loads within a 1:1 line projected upward from the bottom of the excavation or a minimum of 5 feet, 
whichever is greater.  If the temporary construction embankments, including shored excavations, are 
to be maintained during the rainy season, berms are suggested along the tops of the excavations 
where necessary to prevent runoff from entering the excavation and eroding the slope faces. 

 
c.) The soils exposed in the excavations should be inspected during excavation by the soils engineer so 

that modifications can be made if variations in the soil conditions occur. 
 
d.) All unshored excavations should be stabilized within 30 days of initial excavation. 
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Foundation Plan Review/Additional Observations and/or Testing 
 
The recommendations provided in this report are based on preliminary design information and subsurface 
conditions as interpreted from limited exploratory work.  Our conclusions and recommendations should be 
reviewed and verified during construction and revised if necessary. 

 
Soil Exploration Co., Inc. should review the foundation plans and observe and/or test at the following stages 
of construction: 
 

 During all overexcavations and fill placement. 
 Following footing excavations and prior to placement of footing materials. 
 During wetting of slab subgrade (1.2X optimum to a depth of at least 6”) and prior to placement of 

slab materials. 
 During all trench and retaining wall backfills. 
 During subgrade preparation/compaction, prior to paving. 
 When any unusual conditions are encountered. 

 
Final Compaction Report 

 
A final report of compaction control should be prepared subsequent to the completion of rough grading.  
The report should include a summary of work performed, laboratory test results, and the results, locations 
and elevations of field density tests performed during grading. 
 
Limitation of Investigation 
 
Our investigation was performed using the degree of care and skill ordinarily exercised, under similar 
circumstances, by reputable Geotechnical Engineers practicing in this or similar locations.  No other 
warranty, expressed or implied, is made as to the conclusions and professional advice included in this 
report.  
 
The field and laboratory test data are believed representative of the project site; however, soil conditions 
can vary significantly.  As in most projects, conditions revealed during grading may be at variance with 
preliminary findings.  If this condition occurs, the possible variations must be evaluated by the Project 
Geotechnical Engineer and adjusted as required or alternate design recommended. 

 
This report is issued with the understanding that it is the responsibility of the owner, or 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 subcontractor carry out such recommendations in the field.   
 
This firm does not practice or consult in the field of safety engineering.  We do not direct the contractor's 
operations, and we cannot be responsible for other than our own personnel on the site; therefore, the 
safety of others is the responsibility of the contractor.  The contractor should notify the owner if he 
considers any of the recommended actions presented herein to be unsafe.   
 
The findings of this report are valid as of the present date.  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 additions, changes in applicable or appropriate standards may 
occur, whether they result from legislation or the broadening of knowledge. 

 
This report was prepared for the client based on client’s needs, directions and requirements at the time.  
This report is not authorized for use by and is not to be relied upon by any party except the client with 
whom Soil Exploration Co., Inc. contracted for the work.  Use of, or reliance on, this report by any other 
party is at that party’s risk.  Unauthorized use of or reliance on this report constitutes an agreement to 
defend and indemnify Soil Exploration Co., Inc. from and against any liability which may arise as a result 
of such use or reliance, regardless of any fault, negligence, or strict liability of Soil Exploration Co., Inc. 
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Closure 
 
If you should have any questions or concerns regarding this report, please do not hesitate to call our office.  
We appreciate this opportunity to be of service. 
 
Very truly yours, 
Soil Exploration Co., Inc. 
 

 
 
 
 
 
Gene K. Luu, PE 53417 
Project Engineer 
 
Distribution: [1] Robert Beers (rmbeers777@hotmail.com)  
   [1] Oscar Graham (oscar@pacificainvest.com) 
 
Attachments:  Figure 1 Site Location Map 
  Figure 2 USGS Geologic Map 
  Figure 3 Riverside County GIS Map 
  Figure 4 U.S. Geological Survey Quaternary Faults Map 
 
   Plate 1  Exploratory Boring and Infiltration Test Location Map 
   Plate 2  Retaining Wall Backfill and Subdrain Backfill 
 
   Appendix A References 
   Appendix B Geotechnical Boring Logs 
   Appendix C Laboratory Test Results 
   Appendix D USGS National Seismic Hazard Maps-Source Parameters 
     and CBC (2019) Seismic Parameters 
   Appendix E General Earthwork and Grading Specifications 
   Appendix F Liquefaction Analysis Summary 
   Appendix G Infiltration Test Procedure and Test Results 
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Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-1__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
9BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
10BCLASSIFICATION 

USCS 

0BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, dry, 
medium dense 

2        

3   7/7/10  4.0   

4        

5        

6   9/12/12  4.2   

7        

8        

9        

10        

11   6/12/18   SP-SM SAND WITH SILT: Yellowish light brown, fine to coarse 
grained, dry, medium dense

12        

13        

14        

15        

16   6/12/14     

17        

18        

19        

20        

21   7/7/10   SM SILTY SAND: Light brown, fine to medium grained, 
slightly moist, medium dense 

22        

23        

24        

25   8/11/25    Dense

TOTAL DEPTH = 25’
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 
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GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-2__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
11BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
12BCLASSIFICATION 

USCS 

1BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, 
slightly, medium dense 

2        

3   35/35/50/
3” 107.5 7.0  Very dense 

4        

5        

6   10/15/22  5.3  Dense 

7        

8        

9        

10        

11   11/20/18   SP-SM SAND WITH SILT: Light brown, fine to coarse grained, 
dry, dense 

12        

13        

14        

15        

16   8/10/18     

17        

18        

19        

20   9/11/14    Dry, medium dense 

21       
TOTAL DEPTH = 20’ 
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 22       

23        

24        

25       
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GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-3__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
13BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
14BCLASSIFICATION 

USCS 

2BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, dry, 
medium dense 

2        

3   8/11/17  5.2   

4        

5        

6   8/13/22  5.5  Dense 

7        

8        

9        

10        

11   6/7/19   SP-SM SAND WITH SILT: Light brown, fine to coarse grained, 
dry, medium dense 

12        

13        

14        

15        

16   8/16/22    Dense 

17        

18        

19        

20        

21   9/9/13    Dry, medium dense 

22        

23        

24        

25   6/11/14    Medium dense

TOTAL DEPTH = 25’
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 

 
 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-4__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
15BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
16BCLASSIFICATION 

USCS 

3BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Pale brown, fine to medium grained, dry, 
medium dense 

2        

3   6/10/13  3.0   

4        

5        

6   12/24/16  4.2  Light brown, fine to medium grained, dry, dense 
% passing #200 sieve = 19 

7        

8        

9        

10        

11   8/10/17   SP-SM SAND WITH SILT: Light brown, fine to coarse grained, 
dry, medium dense 

12        

13        

14        

15        

16   8/8/17     

17        

18        

19        

20        

21   7/11/18     

22        

23        

24        

25       

 
 
 
 
 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-4__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 

17BDEPTH 
(feet) 

EARTH 
MATERIAL 

SAMPLE 
TEST 

BLOWS 
PER 

6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
18BCLASSIFICATION 

USCS 

4BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

26   5/5/11  11.1 SM 
SILTY SAND: Light brown, fine to medium grained, 
slightly moist, medium dense 

27       
% passing #200 sieve = 28 

28        

29        

30        

31   10/12/18  3.8 SP-SM SAND WITH SILT: Light brown, fine to coarse grained, 
dry, medium dense 

32       
% passing #200 sieve = 10 

33        

34        

35        

36   7/10/10   SM 
SILTY SAND: Light brown, fine to coarse grained, 
slightly moist, medium dense 

37        

38        

39        

40        

41   10/15/17  6.5  
Slightly moist, dense 
% passing #200 sieve = 21 

42        

43        

44        

45        

46   8/12/12    Slightly moist, medium dense 

47        

48        

49        

50  9/9/15    Fine to medium grained, slightly moist, medium dense 

TOTAL DEPTH = 50’ 
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 

 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-5__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
19BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
20BCLASSIFICATION 

USCS 

5BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to coarse grained, dry, 
dense 

2        

3   10/27/50 109.4 3.1  Very dense 

4        

5        

6   10/17/20  3.0  Fine to medium grained, dry, dense 

7        

8        

9        

10        

11   10/15/18    Dry, dense 

12        

13        

14        

15        

16   9/10/13   SP-SM SAND WITH SILT: Light brown, fine to medium 
grained, dry, medium dense

17        

18        

19      SM 
SILTY SAND: Light brown, fine to medium grained, 
slightly moist, medium dense 

20   9/9/13     

21       
TOTAL DEPTH = 20’ 
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 22       

23        

24        

25       

 
 
 
 
 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-6__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
21BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
22BCLASSIFICATION 

USCS 

6BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, dry, 
dense 

2        

3   25/35/50/
5” 115.2 4.2   

4        

5        

6   10/13/25  5.7  Dense 

7        

8        

9        

10        

11   11/17/21    Slightly moist, dense 

12        

13        

14        

15        

16   8/8/8   SP SAND: Light brown, fine to coarse grained with gravel, 
dry, medium dense 

17        

18        

19        

20        

21   7/9/13   SM 
SILTY SAND: Light brown, fine to medium grained, 
slightly moist, medium dense 

22        

23        

24        

25   10/10/10    

TOTAL DEPTH = 25’
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 

 
 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-7__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
23BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
24BCLASSIFICATION 

USCS 

7BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, dry, 
medium dense 

2        

3   5/8/10  3.9   

4        

5        

6   10/13/25  4.8  Dense 

7        

8        

9        

10        

11   9/12/12    Fine to coarse grained, slightly moist, medium dense 

12        

13        

14        

15        

16   4/6/7     

17        

18        

19      SP-SM SAND WITH SILT: Light brown, fine to coarse grained, 
dry, medium dense 

20   4/8/8     

21       
TOTAL DEPTH = 20’ 
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 22       

23        

24        

25       

 
 
 
 
 



Soil Exploration Co., Inc. 

GEOTECHNICAL BORING LOGS 
Drill Hole No.__B-8__ 

Date:     7/30/21     Project No.      21203-01    _ 
Drilling Company:     One Way Drilling        Type of Rig:    CME-85    _ 
Hole Diameter:__8"_   Drive Weight:_140 lbs._   Drop:_30"_ Elevation:___Existing Ground_ 
25BDEPTH 

(feet) 
EARTH 

MATERIAL 
SAMPLE 

TEST 
BLOWS 

PER 
6 INCH 

DRY 
DENSITY 

(%) 

MOISTURE 
(%) 

SOIL
26BCLASSIFICATION 

USCS 

8BGEOTECHNICAL DESCRIPTION
LOGGED BY: __GL___ 
SAMPLED BY: _GL____ 

1      SM 
SILTY SAND: Light brown, fine to medium grained, dry, 
medium dense 

2        

3   12/20/38    Dense 

4        

5        

6   10/14/13  4.2  Medium dense 

7        

8        

9        

10        

11   5/6/6     

12        

13        

14        

15        

16   10/10/17    Fine to medium grained, slightly moist, medium dense 

17        

18        

19        

20        

21   8/10/12    Medium dense 

22        

23        

24      SP SAND: Light brown, fine to coarse grained, dry, medium 
dense 

25   7/9/9    

TOTAL DEPTH = 25’
NO GROUNDWATER 

NO CAVING 
BORING BACKFILLED 

 
 



















































Alessandro Blvd.  Project No. 21203-01 
Moreno Valley, California  August 11, 2021 
____________________________________________________________________________________________ 

 

 
Soil Exploration Co., Inc.  Appendix G 

Infiltration Test (Percolation Test Procedure) 
 
The percolation test data from I-1 and I-2 was used to estimate infiltration rates using the Porchet Inverse 
Borehole Method, in accordance with Riverside County, Low-impact development BMP design handbook, 
Appendix A-Infiltration Testing, June 2018. 

 
Two 8-inch diameter, 7 feet deep test holes (I-1 and I-2) were performed at the suggested area.  To mitigate 
any possible caving or sloughing of the test hole, a 6-inch diameter perforated PVC pipe was placed in the 
hole.  The bottom of the test hole was covered with 2 inches of gravel. 
 
The testing was conducted after presoaking with water.  Water level was adjusted to 20 inches above the 
bottom of the test hole after each measurement. Two consecutive measurements showed that 6 inches of 
water seeped away in more than 25 minutes.  The test was run for an additional six hour with measurements 
taken at 30 minute intervals.  The drop that occurred during the final reading was used for design purposes. 
 
Tabulated Test Results/Boring Percolation Test Procedure) 
 

Test No. 
Depth of Test 

(feet) Earth Material 
Measured 

Infiltration Rate  
(in/hr) 

I-1 7 Silty Sand (”SM”) 0.72 
I-2 7 Silty Sand (”SM”) 0.56 

 
I-1 and I-2 have measured in-situ rates of less than 1.6 inches/hour. Infiltration BMPs should not be used.  
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Description 
The bioretention best management practice (BMP) functions as a 
soil and plant-based filtration device that removes pollutants 
through a variety of physical, biological, and chemical treatment 
processes.  These facilities normally consist of a grass buffer 
strip, sand bed, ponding area, organic layer or mulch layer, 
planting soil, and plants.  The runoff¶s velocity is reduced by 
passing over or through buffer strip and subsequently distributed 
evenly along a ponding area.  Exfiltration of the stored water in 
the bioretention area planting soil into the underlying soils 
occurs over a period of days. 

California Experience 
None documented. Bioretention has been used as a stormwater 
BMP since 1992.  In addition to Prince George's County, MD and 
Alexandria, VA, bioretention has been used successfully at urban 
and suburban areas in Montgomery County, MD; Baltimore 
County, MD; Chesterfield County, VA; Prince William County, 
VA; Smith Mountain Lake State Park, VA; and Cary, NC. 

Advantages 
 Bioretention provides stormwater treatment that enhances 

the quality of downstream water bodies by temporarily 
storing runoff in the BMP and releasing it over a period of 
four days to the receiving water (EPA, 1999).   

 The vegetation provides shade and wind breaks, absorbs 
noise, and improves an area's landscape. 

Limitations 
 The bioretention BMP is not recommended for areas with 

slopes greater than 20% or where mature tree removal would 

Design Considerations 

 Soil for Infiltration 

 Tributary Area 

 Slope 

 Aesthetics 

 Environmental Side-effects 

Targeted Constituents 

 Sediment  
 Nutrients  
 Trash  
 Metals  
 Bacteria  
 Oil and Grease  
 Organics  

/HJHQG��5HPRYDO�(IIHFWLYHQHVV��

 Low  High 

 Medium 
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be required since clogging may result, particularly if the BMP receives runoff with high 
sediment loads (EPA, 1999).   

 Bioretention is not a suitable BMP at locations where the water table is within 6 feet of the 
ground surface and where the surrounding soil stratum is unstable.   

 By design, bioretention BMPs have the potential to create very attractive habitats for 
mosquitoes and other vectors because of highly organic, often heavily vegetated areas mixed 
with shallow water. 

 In cold climates the soil may freeze, preventing runoff from infiltrating into the planting soil. 

Design and Sizing Guidelines 
 The bioretention area should be sized to capture the design storm runoff. 

 In areas where the native soil permeability is less than 0.5 in/hr an underdrain should be 
provided. 

 Recommended minimum dimensions are 15 feet by 40 feet, although the preferred width is 
25 feet. Excavated depth should be 4 feet. 

 Area should drain completely within 72 hours. 

 Approximately 1 tree or shrub per 50 ft2 of bioretention area should be included. 

 Cover area with about 3 inches of mulch. 

&RQVWUXFWLRQ�,QVSHFWLRQ�&RQVLGHUDWLRQV�
Bioretention area should not be established until contributing watershed is stabilized. 

Performance 
Bioretention removes stormwater pollutants through physical and biological processes, 
including adsorption, filtration, plant uptake, microbial activity, decomposition, sedimentation 
and volatilization (EPA, 1999).  Adsorption is the process whereby particulate pollutants attach 
to soil (e.g., clay) or vegetation surfaces.  Adequate contact time between the surface and 
pollutant must be provided for in the design of the system for this removal process to occur.  
Thus, the infiltration rate of the soils must not exceed those specified in the design criteria or 
pollutant removal may decrease.  Pollutants removed by adsorption include metals, phosphorus, 
and hydrocarbons.  Filtration occurs as runoff passes through the bioretention area media, such 
as the sand bed, ground cover, and planting soil. 

Common particulates removed from stormwater include particulate organic matter, 
phosphorus, and suspended solids.  Biological processes that occur in wetlands result in 
pollutant uptake by plants and microorganisms in the soil.  Plant growth is sustained by the 
uptake of nutrients from the soils, with woody plants locking up these nutrients through the 
seasons.  Microbial activity within the soil also contributes to the removal of nitrogen and 
organic matter.  Nitrogen is removed by nitrifying and denitrifying bacteria, while aerobic 
bacteria are responsible for the decomposition of the organic matter.  Microbial processes 
require oxygen and can result in depleted oxygen levels if the bioretention area is not adequately 
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aerated. Sedimentation occurs in the swale or ponding area as the velocity slows and solids fall 
out of suspension.   

The removal effectiveness of bioretention has been studied during field and laboratory studies 
conducted by the University of Maryland (Davis et al, 1998).  During these experiments, 
synthetic stormwater runoff was pumped through several laboratory and field bioretention areas 
to simulate typical storm events in Prince George's County, MD.  Removal rates for heavy metals 
and nutrients are shown in Table 1. 

Table 1 Laboratory and Estimated 
Bioretention Davis et al. (1998); 
PGDER (1993) 

3ROOXWDQW� 5HPRYDO�5DWH�

Total Phosphorus 70-83% 

Metals (Cu, Zn, Pb) 93-98% 

TKN 68-80% 

Total Suspended Solids 90% 

Organics 90% 

Bacteria 90% 

 

Results for both the laboratory and field experiments were similar for each of the pollutants 
analyzed.  Doubling or halving the influent pollutant levels had little effect on the effluent 
pollutants concentrations (Davis et al, 1998).   

The microbial activity and plant uptake occurring in the bioretention area will likely result in 
higher removal rates than those determined for infiltration BMPs. 

Siting Criteria 
Bioretention BMPs are generally used to treat stormwater from impervious surfaces at 
commercial, residential, and industrial areas (EPA, 1999).  Implementation of bioretention for 
stormwater management is ideal for median strips, parking lot islands, and swales.  Moreover, 
the runoff in these areas can be designed to either divert directly into the bioretention area or 
convey into the bioretention area by a curb and gutter collection system. 

The best location for bioretention areas is upland from inlets that receive sheet flow from graded 
areas and at areas that will be excavated (EPA, 1999).  In order to maximize treatment 
effectiveness, the site must be graded in such a way that minimizes erosive conditions as sheet 
flow is conveyed to the treatment area.  Locations where a bioretention area can be readily 
incorporated into the site plan without further environmental damage are preferred.  
Furthermore, to effectively minimize sediment loading in the treatment area, bioretention only 
should be used in stabilized drainage areas. 
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Additional Design Guidelines 
The layout of the bioretention area is determined after site constraints such as location of 
utilities, underlying soils, existing vegetation, and drainage are considered (EPA, 1999). Sites 
with loamy sand soils are especially appropriate for bioretention because the excavated soil can 
be backfilled and used as the planting soil, thus eliminating the cost of importing planting soil.  

The use of bioretention may not be feasible given an unstable surrounding soil stratum, soils 
with clay content greater than 25 percent, a site with slopes greater than 20 percent, and/or a 
site with mature trees that would be removed during construction of the BMP. 

Bioretention can be designed to be off-line or on-line of the existing drainage system (EPA, 
1999). The drainage area for a bioretention area should be between 0.1 and 0.4 hectares (0.25 
and 1.0 acres).  Larger drainage areas may require multiple bioretention areas.  Furthermore, 
the maximum drainage area for a bioretention area is determined by the expected rainfall 
intensity and runoff rate.  Stabilized areas may erode when velocities are greater than 5 feet per 
second (1.5 meter per second).  The designer should determine the potential for erosive 
conditions at the site.  

The size of the bioretention area, which is a function of the drainage area and the runoff 
generated from the area is sized to capture the water quality volume.   

The recommended minimum dimensions of the bioretention area are 15 feet (4.6 meters) wide 
by 40 feet (12.2 meters) long, where the minimum width allows enough space for a dense, 
randomly-distributed area of trees and shrubs to become established.  Thus replicating a natural 
forest and creating a microclimate, thereby enabling the bioretention area to tolerate the effects 
of heat stress, acid rain, runoff pollutants, and insect and disease infestations which landscaped 
areas in urban settings typically are unable to tolerate.  The preferred width is 25 feet (7.6 
meters), with a length of twice the width.  Essentially, any facilities wider than 20 feet (6.1 
meters) should be twice as long as they are wide, which promotes the distribution of flow and 
decreases the chances of concentrated flow.  

In order to provide adequate storage and prevent water from standing for excessive periods of 
time the ponding depth of the bioretention area should not exceed 6 inches (15 centimeters).  
Water should not be left to stand for more than 72 hours.  A restriction on the type of plants that 
can be used may be necessary due to some plants¶ water intolerance.  Furthermore, if water is 
left standing for longer than 72 hours mosquitoes and other insects may start to breed. 

The appropriate planting soil should be backfilled into the excavated bioretention area.  Planting 
soils should be sandy loam, loamy sand, or loam texture with a clay content ranging from 10 to 
25 percent.  

Generally the soil should have infiltration rates greater than 0.5 inches (1.25 centimeters) per 
hour, which is typical of sandy loams, loamy sands, or loams.  The pH of the soil should range 
between 5.5 and 6.5, where pollutants such as organic nitrogen and phosphorus can be adsorbed 
by the soil and microbial activity can flourish.  Additional requirements for the planting soil 
include a 1.5 to 3 percent organic content and a maximum 500 ppm concentration of soluble 
salts.   
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Soil tests should be performed for every 500 cubic yards (382 cubic meters) of planting soil, 
with the exception of pH and organic content tests, which are required only once per 
bioretention area (EPA, 1999).  Planting soil should be 4 inches (10.1 centimeters) deeper than 
the bottom of the largest root ball and 4 feet (1.2 meters) altogether.  This depth will provide 
adequate soil for the plants' root systems to become established, prevent plant damage due to 
severe wind, and provide adequate moisture capacity.  Most sites will require excavation in 
order to obtain the recommended depth. 

Planting soil depths of greater than 4 feet (1.2 meters) may require additional construction 
practices such as shoring measures (EPA, 1999).  Planting soil should be placed in 18 inches or 
greater lifts and lightly compacted until the desired depth is reached.  Since high canopy trees 
may be destroyed during maintenance the bioretention area should be vegetated to resemble a 
terrestrial forest community ecosystem that is dominated by understory trees.  Three species 
each of both trees and shrubs are recommended to be planted at a rate of 2500 trees and shrubs 
per hectare (1000 per acre).  For instance, a 15 foot (4.6 meter) by 40 foot (12.2 meter) 
bioretention area (600 square feet or 55.75 square meters) would require 14 trees and shrubs.  
The shrub-to-tree ratio should be 2:1 to 3:1.   

Trees and shrubs should be planted when conditions are favorable.  Vegetation should be 
watered at the end of each day for fourteen days following its planting.  Plant species tolerant of 
pollutant loads and varying wet and dry conditions should be used in the bioretention area.   

The designer should assess aesthetics, site layout, and maintenance requirements when 
selecting plant species.  Adjacent non-native invasive species should be identified and the 
designer should take measures, such as providing a soil breach to eliminate the threat of these 
species invading the bioretention area.  Regional landscaping manuals should be consulted to 
ensure that the planting of the bioretention area meets the landscaping requirements 
established by the local authorities.  The designers should evaluate the best placement of 
vegetation within the bioretention area.  Plants should be placed at irregular intervals to 
replicate a natural forest.  Trees should be placed on the perimeter of the area to provide shade 
and shelter from the wind.  Trees and shrubs can be sheltered from damaging flows if they are 
placed away from the path of the incoming runoff.  In cold climates, species that are more 
tolerant to cold winds, such as evergreens, should be placed in windier areas of the site.   

Following placement of the trees and shrubs, the ground cover and/or mulch should be 
established.  Ground cover such as grasses or legumes can be planted at the beginning of the 
growing season.  Mulch should be placed immediately after trees and shrubs are planted.  Two 
to 3 inches (5 to 7.6 cm) of commercially-available fine shredded hardwood mulch or shredded 
hardwood chips should be applied to the bioretention area to protect from erosion.   

Maintenance 
The primary maintenance requirement for bioretention areas is that of inspection and repair or 
replacement of the treatment area's components.  Generally, this involves nothing more than the 
routine periodic maintenance that is required of any landscaped area.  Plants that are 
appropriate for the site, climatic, and watering conditions should be selected for use in the 
bioretention cell.  Appropriately selected plants will aide in reducing fertilizer, pesticide, water, 
and overall maintenance requirements.  Bioretention system components should blend over 
time through plant and root growth, organic decomposition, and the development of a natural 
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soil horizon.  These biologic and physical processes over time will lengthen the facility's life span 
and reduce the need for extensive maintenance.  

Routine maintenance should include a biannual health evaluation of the trees and shrubs and 
subsequent removal of any dead or diseased vegetation (EPA, 1999).  Diseased vegetation 
should be treated as needed using preventative and low-toxic measures to the extent possible.  
BMPs have the potential to create very attractive habitats for mosquitoes and other vectors 
because of highly organic, often heavily vegetated areas mixed with shallow water.  Routine 
inspections for areas of standing water within the BMP and corrective measures to restore 
proper infiltration rates are necessary to prevent creating mosquito and other vector habitat.  In 
addition, bioretention BMPs are susceptible to invasion by aggressive plant species such as 
cattails, which increase the chances of water standing and subsequent vector production if not 
routinely maintained. 

In order to maintain the treatment area¶s appearance it may be necessary to prune and weed.  
Furthermore, mulch replacement is suggested when erosion is evident or when the site begins to 
look unattractive.  Specifically, the entire area may require mulch replacement every two to 
three years, although spot mulching may be sufficient when there are random void areas.  Mulch 
replacement should be done prior to the start of the wet season.   

New Jersey's Department of Environmental Protection states in their bioretention systems 
standards that accumulated sediment and debris removal (especially at the inflow point) will 
normally be the primary maintenance function.  Other potential tasks include replacement of 
dead vegetation, soil pH regulation, erosion repair at inflow points, mulch replenishment, 
unclogging the underdrain, and repairing overflow structures.  There is also the possibility that 
the cation exchange capacity of the soils in the cell will be significantly reduced over time.  
Depending on pollutant loads, soils may need to be replaced within 5-10 years of construction 
(LID, 2000). 

Cost 
&RQVWUXFWLRQ�&RVW�
Construction cost estimates for a bioretention area are slightly greater than those for the 
required landscaping for a new development (EPA, 1999).  A general rule of thumb (Coffman, 
1999) is that residential bioretention areas average about $3 to $4 per square foot, depending on 
soil conditions and the density and types of plants used.  Commercial, industrial and 
institutional site costs can range between $10 to $40 per square foot, based on the need for 
control structures, curbing, storm drains and underdrains.   

Retrofitting a site typically costs more, averaging $6,500 per bioretention area.  The higher costs 
are attributed to the demolition of existing concrete, asphalt, and existing structures and the 
replacement of fill material with planting soil.  The costs of retrofitting a commercial site in 
Maryland, Kettering Development, with 15 bioretention areas were estimated at $111,600. 

In any bioretention area design, the cost of plants varies substantially and can account for a 
significant portion of the expenditures.  While these cost estimates are slightly greater than 
those of typical landscaping treatment (due to the increased number of plantings, additional soil 
excavation, backfill material, use of underdrains etc.), those landscaping expenses that would be 
required regardless of the bioretention installation should be subtracted when determining the 
net cost.  
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Perhaps of most importance, however, the cost savings compared to the use of traditional 
structural stormwater conveyance systems makes bioretention areas quite attractive financially. 
For example, the use of bioretention can decrease the cost required for constructing stormwater 
conveyance systems at a site.  A medical office building in Maryland was able to reduce the 
amount of storm drain pipe that was needed from 800 to 230 feet - a cost savings of $24,000 
(PGDER, 1993).  And a new residential development spent a total of approximately $100,000 
using bioretention cells on each lot instead of nearly $400,000 for the traditional stormwater 
ponds that were originally planned (Rappahanock, ).  Also, in residential areas, stormwater 
management controls become a part of each property owner's landscape, reducing the public 
burden to maintain large centralized facilities.   

0DLQWHQDQFH�&RVW�
The operation and maintenance costs for a bioretention facility will be comparable to those of 
typical landscaping required for a site.  Costs beyond the normal landscaping fees will include 
the cost for testing the soils and may include costs for a sand bed and planting soil. 
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Schematic of a Bioretention Facility (MDE, 2000) 
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Description
Each project site possesses unique topographic, hydrologic, and vegetative features, some of 
which are more suitable for development than others.  Integrating and incorporating 
appropriate landscape planning methodologies into the project design is the most effective 
action that can be done to minimize surface and groundwater contamination from stormwater. 

Approach 
Landscape planning should couple consideration of land suitability for urban uses with 
consideration of community goals and projected growth.  Project plan designs should conserve 
natural areas to the extent possible, maximize natural water storage and infiltration 
opportunities, and protect slopes and channels. 

Suitable Applications 
Appropriate applications include residential, commercial and industrial areas planned for 
development or redevelopment. 

Design Considerations 
Design requirements for site design and landscapes planning 
should conform to applicable standards and specifications of 
agencies with jurisdiction and be consistent with applicable 
General Plan and Local Area Plan policies. 

Design Objectives 

Maximize Infiltration 

Provide Retention 

Slow Runoff 

Minimize Impervious Land 
Coverage

Prohibit Dumping of Improper 
Materials

Contain Pollutants 

Collect and Convey 
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Designing New Installations 
Begin the development of a plan for the landscape unit with attention to the following general 
principles:

Formulate the plan on the basis of clearly articulated community goals.  Carefully identify 
conflicts and choices between retaining and protecting desired resources and community 
growth.

Map and assess land suitability for urban uses.  Include the following landscape features in 
the assessment:  wooded land, open unwooded land, steep slopes, erosion-prone soils, 
foundation suitability, soil suitability for waste disposal, aquifers, aquifer recharge areas, 
wetlands, floodplains, surface waters, agricultural lands, and various categories of urban 
land use.  When appropriate, the assessment can highlight outstanding local or regional 
resources that the community determines should be protected (e.g., a scenic area, 
recreational area, threatened species habitat, farmland, fish run).  Mapping and assessment 
should recognize not only these resources but also additional areas needed for their 
sustenance. 

Project plan designs should conserve natural areas to the extent possible, maximize natural 
water storage and infiltration opportunities, and protect slopes and channels. 

Conserve Natural Areas during Landscape Planning 

If applicable, the following items are required and must be implemented in the site layout 
during the subdivision design and approval process, consistent with applicable General Plan and 
Local Area Plan policies: 

Cluster development on least-sensitive portions of a site while leaving the remaining land in 
a natural undisturbed condition. 

Limit clearing and grading of native vegetation at a site to the minimum amount needed to 
build lots, allow access, and provide fire protection. 

Maximize trees and other vegetation at each site by planting additional vegetation, clustering 
tree areas, and promoting the use of native and/or drought tolerant plants. 

Promote natural vegetation by using parking lot islands and other landscaped areas. 

Preserve riparian areas and wetlands. 

Maximize Natural Water Storage and Infiltration Opportunities Within the Landscape Unit 

Promote the conservation of forest cover.  Building on land that is already deforested affects 
basin hydrology to a lesser extent than converting forested land.  Loss of forest cover reduces 
interception storage, detention in the organic forest floor layer, and water losses by 
evapotranspiration, resulting in large peak runoff increases and either their negative effects 
or the expense of countering them with structural solutions. 

Maintain natural storage reservoirs and drainage corridors, including depressions, areas of 
permeable soils, swales, and intermittent streams.  Develop and implement policies and 
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regulations to discourage the clearing, filling, and channelization of these features.  Utilize 
them in drainage networks in preference to pipes, culverts, and engineered ditches. 

Evaluating infiltration opportunities by referring to the stormwater management manual for 
the jurisdiction and pay particular attention to the selection criteria for avoiding 
groundwater contamination, poor soils, and hydrogeological conditions that cause these 
facilities to fail.  If necessary, locate developments with large amounts of impervious 
surfaces or a potential to produce relatively contaminated runoff away from groundwater 
recharge areas. 

Protection of Slopes and Channels during Landscape Design 

Convey runoff safely from the tops of slopes. 

Avoid disturbing steep or unstable slopes. 

Avoid disturbing natural channels. 

Stabilize disturbed slopes as quickly as possible. 

Vegetate slopes with native or drought tolerant vegetation. 

Control and treat flows in landscaping and/or other controls prior to reaching existing 
natural drainage systems. 

Stabilize temporary and permanent channel crossings as quickly as possible, and ensure that 
increases in run-off velocity and frequency caused by the project do not erode the channel. 

Install energy dissipaters, such as riprap, at the outlets of new storm drains, culverts, 
conduits, or channels that enter unlined channels in accordance with applicable 
specifications to minimize erosion.  Energy dissipaters shall be installed in such a way as to 
minimize impacts to receiving waters. 

Line on-site conveyance channels where appropriate, to reduce erosion caused by increased 
flow velocity due to increases in tributary impervious area.  The first choice for linings 
should be grass or some other vegetative surface, since these materials not only reduce 
runoff velocities, but also provide water quality benefits from filtration and infiltration.  If 
velocities in the channel are high enough to erode grass or other vegetative linings, riprap, 
concrete, soil cement, or geo-grid stabilization are other alternatives. 

Consider other design principles that are comparable and equally effective. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   The definition of “ redevelopment” must be consulted to determine 
whether or not the requirements for new development apply to areas intended for 
redevelopment.  If the definition applies, the steps outlined under “designing new installations” 
above should be followed. 
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Redevelopment may present significant opportunity to add features which had not previously 
been implemented.  Examples include incorporation of depressions, areas of permeable soils, 
and swales in newly redeveloped areas.  While some site constraints may exist due to the status 
of already existing infrastructure, opportunities should not be missed to maximize infiltration, 
slow runoff, reduce impervious areas, disconnect directly connected impervious areas.  

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Stormwater Management Manual for Western Washington, Washington State Department of 
Ecology, August 2001. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 
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Description
Waste materials dumped into storm drain inlets can have severe impacts on receiving and 
ground waters.  Posting notices regarding discharge prohibitions at storm drain inlets can 
prevent waste dumping.  Storm drain signs and stencils are highly visible source controls that 
are typically placed directly adjacent to storm drain inlets. 

Approach 
The stencil or affixed sign contains a brief statement that prohibits dumping of improper 
materials into the urban runoff conveyance system.  Storm drain messages have become a 
popular method of alerting the public about the effects of and the prohibitions against waste 
disposal.

Suitable Applications 
Stencils and signs alert the public to the destination of pollutants discharged to the storm drain.  
Signs are appropriate in residential, commercial, and industrial areas, as well as any other area 
where contributions or dumping to storm drains is likely. 

Design Considerations 
Storm drain message markers or placards are recommended at all storm drain inlets within the 
boundary of a development project.  The marker should be placed in clear sight facing toward 
anyone approaching the inlet from either side.  All storm drain inlet locations should be 
identified on the development site map. 

Designing New Installations 
The following methods should be considered for inclusion in the 
project design and show on project plans: 

Provide stenciling or labeling of all storm drain inlets and 
catch basins, constructed or modified, within the project area 
with prohibitive language. Examples include “NO DUMPING 

Design Objectives 

Maximize Infiltration 

Provide Retention 

Slow Runoff 

Minimize Impervious Land 
Coverage

Prohibit Dumping of Improper 
Materials

Contain Pollutants 

Collect and Convey 
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– DRAINS TO OCEAN” and/or other graphical icons to discourage illegal dumping.   

Post signs with prohibitive language and/or graphical icons, which prohibit illegal dumping 
at public access points along channels and creeks within the project area.   

Note - Some local agencies have approved specific signage and/or storm drain message placards 
for use.  Consult local agency stormwater staff to determine specific requirements for placard 
types and methods of application. 

Redeveloping Existing Installations 
Various jurisdictional stormwater management and mitigation plans (SUSMP, WQMP, etc.) 
define “redevelopment” in terms of amounts of additional impervious area, increases in gross 
floor area and/or exterior construction, and land disturbing activities with structural or 
impervious surfaces.   If the project meets the definition of “redevelopment”, then the 
requirements stated under “ designing new installations” above should be included in all project 
design plans.  

Additional Information 
Maintenance Considerations 

Legibility of markers and signs should be maintained.  If required by the agency with 
jurisdiction over the project, the owner/operator or homeowner’s association should enter 
into a maintenance agreement with the agency or record a deed restriction upon the 
property title to maintain the legibility of placards or signs. 

Placement
Signage on top of curbs tends to weather and fade. 

Signage on face of curbs tends to be worn by contact with vehicle tires and sweeper brooms. 

Supplemental Information
Examples 

Most MS4 programs have storm drain signage programs.  Some MS4 programs will provide 
stencils, or arrange for volunteers to stencil storm drains as part of their outreach program. 

Other Resources
A Manual for the Standard Urban Stormwater Mitigation Plan (SUSMP), Los Angeles County 
Department of Public Works, May 2002. 

Model Standard Urban Storm Water Mitigation Plan (SUSMP) for San Diego County, Port of 
San Diego, and Cities in San Diego County, February 14, 2002. 

Model Water Quality Management Plan (WQMP) for County of Orange, Orange County Flood 
Control District, and the Incorporated Cities of Orange County, Draft February 2003. 

Ventura Countywide Technical Guidance Manual for Stormwater Quality Control Measures, 
July 2002. 




















