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Riverside County - Santa Margarita River Watershed Region 

Design Handbook for Low Impact Development Best 
Management Practices 

 

1.0 Introduction 

What is Low Impact Development? 

According to the State Water Resources Control Board, Low Impact Development (LID) is: 
 

… a sustainable practice that benefits water supply and contributes 
to water quality protection.  Unlike traditional storm water 
management, which collects and conveys storm water runoff 
through storm drains, pipes, or other conveyances to a centralized 

storm water facility, LID takes a different approach by using site design and storm 
water management to maintain the site’s pre-development runoff rates and 
volumes.  The goal of LID is to mimic a site’s predevelopment hydrology by using 
design techniques that infiltrate, filter, store, evaporate, and detain runoff close to 
the source of rainfall.1 
 

When implemented correctly on a site, LID provides two primary benefits: 1) The post-
construction site hydrology will more closely mimic the pre-development hydrology, thus 
reducing the downstream erosion that may occur due to increased runoff from impervious 
surfaces; and 2) Pollutants in runoff from the site will be significantly reduced. 
 
Additionally, the California Stormwater Quality Association (CASQA) LID Manual2 identifies that 
a properly and effectively designed site will incorporate two forms of LID:  LID Principles and LID 
BMPs.  Whereas LID Principles focus on planning and designing a site in a manner that minimizes 
the causes, or drivers, of project impacts (sometimes referred to as site design), this Handbook 
discusses LID BMPs which are implemented to help mitigate any impacts that are otherwise 
unavoidable. 
 
Notes on terminology: This Handbook uses the term “LID Principles” or “Site Design” to refer to 
BMPs described in Provision E.3.a(3) of the Regional MS4 Permit (note the Permit calls these 
BMPs “Low Impact Development”).  This Handbook uses the terms “LID BMPs” and “Treatment 

                                                      
1 State Water Resources Control Board, Low Impact Development – Sustainable Storm Water Management, 2010; 

http://www.waterboards.ca.gov/water_issues/programs/low_impact_development/index.shtml 
2 California Stormwater Quality Association, Low Impact Development Manual for Southern California: Technical 

Guidance and Site Planning Strategies, April 2010 
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Control BMPs” are used to refer to classes of Structural Stormwater Pollutant Control BMPs 
described in Provision E.3.c(1) of the Regional MS4 Permit.  

About this Handbook 

This Handbook supplements the Water Quality Management Plan (WQMP) for the Santa 
Margarita River Watershed Region (SMR) of Riverside County by providing guidance for the 
planning, design and maintenance of Low Impact Development (LID) BMPs (i.e. Permit Provision 
E.3.c(1))which may be used to mitigate the water quality impacts of development within the SMR 
Watershed.  
 
This Handbook contains detailed information and designs for twelve (12) LID BMPs that are 
designed to encourage replication of the site's natural hydrologic processes. This includes 
maximizing direct or incidental infiltration and evapotranspiration, and using vegetation and 
other biological processes to filter and absorb pollutants.  For each BMP, pertinent information 
is provided such as the maximum tributary drainage area, siting considerations, design 
procedures, and maintenance requirements.  This Handbook also includes detailed guidance for 
infiltration testing, and basin considerations.  It should be noted that project specific engineering 
analysis may be used to over-ride certain requirements described in this manual, as approved by 
the reviewing agency to ensure water quality is protected to the maximum extent practicable.   

Selecting appropriate LID BMPs 

LID BMPs are an effective, naturally-based form of stormwater pollutant treatment BMPs. Before 
selecting any particular BMPs for a site, refer to the 2018 SMR WQMP to determine LID options 
and requirements. The WQMP specifies particular types of LID or Treatment Control BMPs that 
can or must be considered for use on the project.  Considerations for BMP selection include 
whether or not the LID BMP will maximize on-site retention of runoff, or be based on the types 
of pollutants that the site may generate, types of pollutants that are impairing the downstream 
receiving waters, and which BMPs are effective at addressing those pollutants.   
 
Generally, infiltration BMPs have advantages over other types of BMPs, including reduction of 
the volume and rate of runoff, as well as full treatment of all potential pollutants potentially 
contained in the stormwater runoff.  It is recognized however, that infiltration and retention 
BMPs may not be feasible on sites with high groundwater, low infiltration rates, or located on 
compacted engineered fill. In those situations, biofiltration based BMPs that provide opportunity 
for evapotranspiration and incidental infiltration may be a more feasible option. The WQMP 
specifies criteria that should be used to determine when particular BMPs are considered feasible. 

Who should be involved in the selection, siting and design of LID BMPs? 

Everyone involved with the project site development, including owners, architects, engineers, 
biologists, and geologists, should be informed about the proposed/required BMPs as early as 
possible in the planning of a project.  This reduces the chance of costly redesign, the need for 
additional testing and produces a better and more integrated site overall.  For most detention or 
retention basins and all infiltration BMPs, it is important that the responsible engineer/geologist 
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be made aware of the location of BMPs, so they can make design recommendations including 
setbacks and perform the appropriate infiltration testing, as applicable. Landscape architects will 
need to know the locations and types of proposed BMPs as these might change the types of 
plants that can be used.  Owners must be made aware of the construction costs, long-term 
maintenance requirements and costs, and total costs of ownership for the BMPs in order to make 
informed decisions during the BMP selection process. 

Many of the BMP fact sheets reference the ‘Engineering Authority’ (EA). Who is the EA 
for my project? 

The engineering authority for a project is the public agency responsible for reviewing and 
approving the proposed project. Usually the EA is the City/County wherein the project is located. 

Do I need to do additional studies? 

Most infiltration BMPs and basins will require a geotechnical report prepared by either a licensed 
geotechnical engineer, civil engineer or certified engineering geologist.  The report must provide 
characterization of site specific soil conditions, recommendations of any required testing, and 
site-specific recommendations for setbacks as well as commentary on slope stability and 
potential offsite impacts.  See Infiltration Testing Requirements and Basin Guidelines in 
Appendices A and C, respectively, for more information. Some sites will require other studies, 
such as biological resources, geomorphology, or groundwater hydrology.  

Designing the BMPs 

The BMPs in this Handbook are designed based on required capture volume or treatment flow 
rate.  Volume-based BMPs are designed to capture a particular volume of stormwater runoff 
(referred to as VBMP or the Design Capture Volume (DCV)), and either infiltrate that volume, re-
use the water, or slowly and naturally filter pollutants from that stormwater, and discharge the 
volume within a specified “drawdown time” (the time required to regenerate the storage 
capacity of the BMP). Flow-based BMPs are designed to treat a required minimum flow rate of 
stormwater runoff (referred to as QBMP). 
 
This Handbook contains worksheets to assist the designer in determining the required VBMP and 
QBMP based on the location of the site.  While there are likely significant direct or indirect volume 
reduction benefits associated with each of the included LID BMPs, these sizing worksheets are 
not intended to meet Hydromodification Performance Standards detailed in the SMR WQMP. 

Can I make my BMP smaller? 

The worksheets in this Handbook calculate the minimum required size for each LID BMP based 
on the amount of runoff routed to the BMP.  However, early and aggressive implementation of 
LID Principles (site design) during the planning stages of a project can reduce the size of the 
effective drainage management area (DMA) for the BMP, which reduces runoff volume from the 
DMA, which in turn will help minimize the required size of the BMPs.  To further reduce the 
required size, consider looking for additional ways to increase the percentage of permeable areas 
and porous surfaces on the site, and opportunities to drain impervious areas into pervious areas. 



 
Riverside County – Santa Margarita Watershed - Low Impact Development BMP Design Handbook rev. 6/2018 

Page 6 

Can I place my BMP underground? 

Underground BMPs can be an important part of an LID solution for a site.  However, underground 
BMPs create some special challenges that must be addressed in order to provide a sustainable 
solution.  Challenges include but are not limited to a need for effective pre-treatment, structural 
stability, vector control, maintenance, and the cost of replacement at the time that clogging 
cannot be remediated with maintenance.  Special consideration needs to be given to how 
underground BMPs can be sustainably operated, maintained, and replaced when needed. This 
may include: greater emphasis on pre-treatment, inclusion of adequate inspection and 
maintenance features, regular inspections and effective maintenance of the BMP, and budgetary 
planning for major construction efforts when replacement is needed.  

What are Drawdown Times? 

Volume based BMPs are usually associated with a required drawdown time.  The drawdown time 
refers to the amount of time required to regenerate the storage capacity of the BMP (i.e., drain 
the BMP from brim full).  The specified or incorporated drawdown times are to ensure that 
adequate contact or detention time has occurred for treatment, while not creating vector or 
other nuisance issues.  It is important to abide by the drawdown time requirements stated in the 
fact sheet for each specific BMP, or as specified by the local jurisdiction.   

What is the tributary drainage area? 

The tributary drainage area is the entire area that drains to the proposed onsite BMP.  While 
small sites could be tributary to a single BMP, usually the site is broken up into several drainage 
management areas (DMAs), each draining to a discrete BMP.  Although it is usually desirable to 
address offsite flows separately, if flows from offsite areas commingle with onsite flows they shall 
also be included in the sizing calculation.  At the beginning of each fact sheet, the maximum (or 
minimum) tributary drainage area for each BMP is listed.  The tributary areas for each BMP will 
be required to be clearly shown on one or more drainage exhibits.  Such exhibits shall be clearly 
labeled to show which areas drain to which BMP.   

What are pervious and impervious areas? 

Project sites are made up of both pervious and impervious surfaces.  The pervious portion of a 
site is where stormwater has the opportunity to infiltrate into the ground, such as but not limited 
to landscaped or natural areas.  Impervious areas are where water has no opportunity to infiltrate 
and immediately becomes surface runoff (e.g. roofs, standard roadway pavements, concrete 
driveways or walkways, tightly compacted earthen materials, etc.).  When a site is developed, 
the percentage of impervious area typically increases from the natural state.  This higher 
impervious percentage increases the volume and flow rate of stormwater runoff.   
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2.0 Sizing Calculations 

The following section includes sizing calculations for LID BMPs in the Santa Margarita River 
Watershed. There may be circumstances when flow-based Treatment Control BMPs are utilized 
and therefore this section also includes guidelines for calculating the design flow rate, QBMP.  

2.1 Calculating VBMP 

Volume based BMPs and Biofiltration BMPs, including all of the BMPs in this manual, can be sized 
based on the design capture volume, (DCV or VBMP).  
 
The design capture volume (DCV or VBMP) is based on capturing the volume of runoff generated 
from an 85th percentile, 24-hour storm event.  Follow the steps below to calculate VBMP. For 
convenience, these steps have also been integrated into an excel worksheet that has been 
provided in Appendix E of this Handbook. 
 

1) Determine the tributary drainage area to the BMP, AT.  This includes all areas that will 
contribute runoff to the proposed BMP, including pervious areas, and runoff from off-site 
areas that commingle with on-site runoff.  Calculate this area in acres.   

 
2) Locate the project site on the full sized Isohyetal Map for the 85th Percentile 24-hour 

Storm Event contained in Appendix A of the SMR WQMP).  These values were determined 
throughout Riverside County using rain gauges with the greatest periods of record.  Use 
township, range and section information to locate the project site, and interpolate the 
closest value, D85, for the site. For areas near the edge of the county, extend the isohyetal 
lines linearly to the County boundary.  
 
 

3) Determine the effective impervious fraction (If) for the area tributary to the BMP, using 
the following table: 
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Surface Type Effective Impervious 
Fraction, If 

Roofs 1.00 

Concrete or Asphalt 1.00 

Grouted or Gapless Paving Blocks 1.00 

Compacted Soil (e.g. unpaved parking) 0.40 

Decomposed Granite 0.40 

Permeable Paving Blocks w/ Sand Filled Gap 0.25 

Class 2 Base 0.30 

Gravel or Class 2 Permeable Base 0.10 

Pervious Concrete / Porous Asphalt 0.10 

Open and Porous Pavers 0.10 

Turf block 0.10 

Ornamental Landscaping  0.10 

Natural (A Soil) 0.03 

Natural (B Soil) 0.15 

Natural (C Soil) 0.30 

Natural (D Soil) 0.40 

 
If the area tributary to the BMP contains mixed post-project surface types, a composite 
or area-weighted average effective impervious fraction should be used. The following 
equation can be used for determining an area-weighted average: 
 

[(𝐼𝑓)
1

∙ 𝐴1] + [(𝐼𝑓)
2

∙ 𝐴2] + [… ]

𝐴𝑇
 

 
4) Calculate a runoff factor, ‘C’, using the following equation: 

𝐶 = 0.858 ∙ 𝐼𝑓
3 − 0.78 ∙ 𝐼𝑓

2 + 0.774 ∗ 𝐼𝑓 + 0.04   

5) Determine unit storage volume, VU.  This is found by multiplying the Design Storm Depth 
found in Step 2 by the runoff coefficient found in Step 4. 

VU = D85 × C 

6) Determine VBMP using the equation below or the worksheet provided in Appendix E of this 
Handbook.  This is the volume to be used in the design of selected BMPs presented in this 
Handbook.  Multiply the BMP tributary drainage area, AT, by the unit storage volume, VU, 
to give the BMP design storage volume.  

VBMP(ft3) =
VU(in − ac ac⁄ ) × AT(ac) × 43,560(ft2 ac⁄ )

12 (in ft⁄ )
 

 
If Biofiltration BMPs are used, they must be sized according to either of the following 
approaches: 
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 Have a total static storage volume including pore spaces and pre-filter detention 

volume, at least 0.75 times the VBMP (aka DCV) not reliably retained on site. The 

pre-filter detention volume refers to the volume stored above the soil media and 

up to the maximum water quality ponding level. Pore volume refers to the 

volume available in the pores of the soil and/or gravel in the system.  

 Treat 1.5 times the VBMP (aka DCV) not reliably retained on site. This may be a 

volume-based or a flow-based design.  

Application of these sizing methods is explained in the respective biofiltration fact 
sheets (3.5 and 3.6). 

2.2 Calculating QBMP 

While the BMPs in this Handbook are designed based on VBMP (aka DCV) as discussed in 2.1 above, 
in some circumstances flow-based BMPs may be used. Flow-based BMPs are sized to treat the 
design flow rate.   
 
QBMP is the runoff flow rate resulting from a design rainfall intensity of 0.2 inches per hour or 2 
times the maximum runoff flow rate produced during 85th percentile hourly rainfall intensity. 
Follow the steps below to calculate QBMP. 
 

1) Determine the tributary drainage area, AT, that drains to the proposed BMP.  This includes 
all areas that will contribute runoff to the proposed BMP, including pervious areas, 
impervious areas, and runoff from offsite areas that commingle with site runoff, whether 
or not they are directly or indirectly connected to the BMP.  Calculate this area in units of 
acres.  

 
2) Determine the effective impervious fraction (If) for the area tributary to the BMP, using 

the following table: 
 

Surface Type Effective Impervious 
Fraction, If 

Roofs 1.00 

Concrete or Asphalt 1.00 

Grouted or Gapless Paving Blocks 1.00 

Compacted Soil (e.g. unpaved parking) 0.40 

Decomposed Granite 0.40 

Permeable Paving Blocks w/ Sand Filled Gap 0.25 

Class 2 Base 0.30 

Gravel or Class 2 Permeable Base 0.10 

Pervious Concrete / Porous Asphalt 0.10 

Open and Porous Pavers 0.10 

Turf block 0.10 

Ornamental Landscaping  0.10 

Natural (A Soil) 0.03 

Natural (B Soil) 0.15 
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Natural (C Soil) 0.30 

Natural (D Soil) 0.40 

 
If the area tributary to the BMP contains mixed post-project surface types, a composite 
or area-weighted average effective impervious fraction should be used. The following 
equation can be used for determining an area-weighted average: 
 

[(𝐼𝑓)
1

∙ 𝐴1] + [(𝐼𝑓)
2

∙ 𝐴2] + [… ]

𝐴𝑇
 

 
3) Calculate a runoff factor, ‘C’, using the following equation: 

 

𝐶 = 0.858 ∙ 𝐼𝑓
3 − 0.78 ∙ 𝐼𝑓

2 + 0.774 ∗ 𝐼𝑓 + 0.04   

 
4) Determine the Design Rainfall Intensity using one of the following methods: 

 Use a value of 0.2 inches per hour, or, 

 Use local rainfall records, if suitable records exist, to calculate two times the 
maximum runoff during the 85th percentile hourly rainfall intensity.  

 
5) Determine the BMP Design Flow Rate using the equation: 

QBMP = C x I x AT 

Where, 

AT = Tributary Area to the BMP, in acres 

I = Design Rainfall Intensity, from Step 4.  

C = Runoff Factor, found in Step 3 

For flow-based biofiltration BMPs, the QBMP calculated above needs to be multiplied by 1.5 to 
meet the sizing standard for biofiltration BMPs in the SMR watershed. Flow-based biofiltration 
BMPs are not acceptable in all cases.  
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3.0 BMP Fact Sheets 

 

This section provides fact sheets for the following thirteen types of BMPs: 
 

3.1 - Infiltration Basins 

3.2 - Infiltration Trenches 

3.3 - Permeable Pavement 

3.4 - Bioretention Facilities  

3.5 - Biofiltration with Partial Infiltration  

3.6 - Biofiltration with No Infiltration  

3.7 – Regional Bioretention/Biofiltration Facility Guidance  

3.8 - Bioretention Soil Media  

3.9 - Tree Wells  

3.10 - Extended Detention Basins 

3.11 - Sand Filter Basins 

3.12 - Harvest and Use 

 

►For portability, the fact sheets for each BMP, as well as Calculation worksheets for sizing and 
documenting the design of these BMPs, are provided as separate downloadable files on the LID 
Handbook page at www.rcflood.org/NPDES/developers.aspx  
 
BEFORE selecting any particular BMP for use on your project, review the requirements of the 
2018 SMR WQMP, and the discussions in sections 1 and 2 of this Handbook. These provide 
important context and instructions that may dictate that particular BMPs be used. 
 

 
  

http://www.rcflood.org/NPDES/developers.aspx
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3.1 INFILTRATION BASIN 
 

 
 

Description 
An Infiltration Basin is a flat earthen basin 

designed to capture the design capture volume, 

VBMP. The stormwater infiltrates through the 

bottom of the basin into the underlying soil over a 

72 hour drawdown period. Flows exceeding VBMP 

must discharge to a downstream conveyance 

system. Trash and sediment accumulate within 

the forebay as stormwater passes into the basin.  

Infiltration basins are highly effective in removing 

all targeted pollutants from stormwater runoff.  

See Appendix A, and Appendix C, Section 1 of Basin Guidelines, for additional requirements. 

Siting Considerations 
The use of infiltration basins may be restricted by concerns over ground water contamination, 

soil permeability, and clogging at the site. See the Santa Margarita Region (SMR) Water Quality 

Management Plan (WQMP) for any specific feasibility considerations for using infiltration BMPs. 

Where this BMP is being used, the soil beneath the basin must be thoroughly evaluated in a 

geotechnical report since the underlying soils are critical to the basin’s long term performance. 

To protect the basin from erosion, the sides and bottom of the basin must be vegetated, 

preferably with native or low water use plant species. 

In addition, these basins may not be appropriate for the following site conditions:  

 Industrial sites or locations where spills of toxic materials may occur 

 Sites with very low soil infiltration rates 

 Sites with  high groundwater tables or excessively high soil infiltration rates, where 

pollutants can affect ground water quality 

 Sites with unstabilized soil or construction activity upstream 

 On steeply sloping terrain 

 Infiltration basins located in a fill condition should refer to Appendix A of this 

Handbook for details on special requirements/restrictions 

Type of BMP LID – Infiltration  

Priority Level Priority 1 – Full Retention 

Treatment Mechanisms Infiltration, Evapotranspiration (when vegetated), Evaporation, 
Sedimentation 

Infiltration Rate Range > 0.8 in/hr factored design infiltration rate 

Maximum Drainage Area 50 acres 

Figure 1 – Infiltration Basin 



INFILTRATION BASIN BMP FACT SHEET 
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Setbacks  
Always consult your geotechnical engineer for site specific recommendations regarding setbacks 

for infiltration trenches.  Recommended setbacks are needed to protect buildings, existing trees, 

walls, onsite or nearby wells, streams, and tanks.  Setbacks should be considered early in the 

design process since they can affect where infiltration facilities may be placed and how deep they 

are allowed to be.  For instance, depth setbacks can dictate fairly shallow facilities that will have 

a larger footprint and, in some cases, may make an infiltration basin infeasible.  In that instance, 

another BMP must be selected.  

 
Infiltration basins typically must be set back: 

 10 feet from the historic high groundwater (measured vertically from the bottom of the 
basin, as shown in Figure 2) 

 5 feet from bedrock or impermeable surface layer (measured vertically from the bottom 
of the basin, as shown in Figure 2) 

 From all existing mature tree drip lines as indicated in Figure 2 (to protect their root 
structure) 

 100 feet horizontally from wells, tanks or springs 

Setbacks to walls and foundations must be included as part of the Geotechnical Report. All other 

setbacks shall be in accordance with applicable standards of the District’s Basin Guidelines 

(Appendix C). 

 
 
 

Figure 2 – Setback Requirements 

 



INFILTRATION BASIN BMP FACT SHEET 
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Forebay 
A concrete forebay shall be provided to reduce sediment clogging and to reduce erosion.  The 

forebay shall have a design volume of at least 0.5% VBMP and a minimum 1 foot high concrete 

splashwall / berm.  Full height notch-type weir(s), offset from the line of flow from the basin inlet 

to prevent short circuiting, shall be used to outlet the forebay.  It is recommended that two weirs 

be used and that they be located on opposite sides of the forebay (see Figure 2).  

 

Overflow 
Flows exceeding VBMP must discharge to an acceptable downstream conveyance system. Where 

an adequate outlet is present, an overflow structure may be used. Where an embankment is 

present, an emergency spillway may be used instead. Overflows must be placed just above the 

design water surface for VBMP and be near the outlet of the system. The overflow structure shall 

be similar to the District’s Standard Drawing CB 110. Additional details may be found in the 

District’s Basin Guidelines (Appendix C). 

 
  

Figure 3 – Infiltration Basin 

Landscaping Requirements  
Basin vegetation provides erosion protection, improves sediment removal and assists in allowing 

infiltration to occur.  The basin surface and side slopes shall be planted with native grasses.  



INFILTRATION BASIN BMP FACT SHEET 
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Proper landscape management is also required to ensure that the vegetation does not contribute 

to water pollution through pesticides, herbicides, or fertilizers.  Landscaping shall be in 

accordance with County of Riverside Ordinance 859 and the District’s Basin Guidelines (Appendix 

C), or other guidelines issued by the Engineering Authority. 
 

Maintenance  
Normal maintenance of an infiltration basin includes the maintenance of landscaping, debris and 

trash removal from the surface of the basin, and tending to problems associated with standing 

water (vectors, odors, etc.). Significant ponding, especially more than 72 hours after an event, 

may indicate that the basin surface is no longer providing sufficient infiltration and requires 

aeration. See the District’s Basin Guidelines (Appendix C) for additional requirements (i.e., 

fencing, maintenance access, etc.). 

Table 1 - Inspection and Maintenance 

Schedule Inspection and Maintenance Activity 

Ongoing including just 
before annual storm 
seasons and following 
rainfall events. 

 Maintain vegetation as needed. Use of fertilizers, pesticides and herbicides should 
be strenuously avoided to ensure they don’t contribute to water pollution. If 
appropriate native plant selections and other IPM methods are used, such products 
shouldn’t be needed. If such projects are used,  

o Products shall be applied in accordance with their labeling, especially 
in relation to application to water, and in areas subjected to flooding. 

o Fertilizers should not be applied within 15 days before, after, or 
during the rain season. 

 Remove debris and litter from the entire basin to minimize clogging and improve 
aesthetics. 

 Check for obvious problems and repair as needed. Address odor, insects, and 
overgrowth issues associated with stagnant or standing water in the basin bottom. 
There should be no long-term ponding water. 

 Check for erosion and sediment laden areas in the basin. Repair as needed. Clean 
forebay if needed. 

 Revegetate side slopes where needed. 

Annually. If possible, 
schedule these inspections 
within 72 hours after a 
significant rainfall. 

 Inspection of hydraulic and structural facilities. Examine the inlet for blockage, the 
embankment and spillway integrity, as well as damage to any structural element. 

 Check for erosion, slumping and overgrowth. Repair as needed. 

 Check basin depth for sediment build up and reduced total capacity. Scrape bottom 
as needed and remove sediment. Restore to original cross-section and infiltration 
rate. Replant basin vegetation. 

 Verify the basin bottom is allowing acceptable infiltration. Use a disc or other 
method to aerate basin bottom only if there is actual significant loss of infiltrative 
capacity, rather than on a routine basis1. 

 No water should be present 72 hours after an event. No long term standing water 
should be present at all. No algae formation should be visible.  Correct problem as 
needed. 

1. CA Stormwater BMP Handbook for New Development and Significant Redevelopment 
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Table 2 - Design and Sizing Criteria for Infiltration Basins 

Note: The information contained in this BMP Factsheet is intended to be a summary of design 

considerations and requirements.  Additional information which applies to all detention basins may 

be found in the District’s Basin Guidelines (Appendix C).  In addition, information herein may be 

superseded by other guidelines issued by the co-permittee.   

 

INFILTRATION BASIN SIZING PROCEDURE 
1. Find the Design Volume, VBMP.   

a) Enter the Tributary Area, AT.  

b) Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook. 

2. Determine the Maximum Depth. 

a) Enter the infiltration rate.  The infiltration rate shall be established as described in 
Appendix A: “Infiltration Testing”. 

b) Enter the design Factor of Safety from Table 1 in Appendix A: “Infiltration Testing”. 

c) The spreadsheet will determine D1, the maximum allowable depth of the basin based on 
the infiltration rate along with the maximum drawdown time (72 hours) and the Factor 
of Safety. 

  D1 =   [(t) x (I)] / 12s 
 

Where   I = site infiltration rate (in/hr) 
             s = safety factor 
            t = drawdown time (maximum 72 hours) 

d) Enter the depth of freeboard. 

Design Parameter Infiltration Basin 
Design Volume VBMP 

Forebay Volume 0.5% VBMP 

Drawdown time (maximum) 72 hours 

Maximum tributary area 50 acres 2 

Minimum infiltration rate 

Must be sufficient to drain the basin within the 
required Drawdown time over the life of the BMP. 

The SMR WQMP may include specific requirements 
for minimum tested infiltration rates. 

Maximum Depth  5 feet 

Spillway erosion control Energy dissipators to reduce velocities1 

Basin Slope 0% 

Freeboard (minimum) 1 foot 1 

Historic High Groundwater Setback (max) 10 feet 

Bedrock/impermeable layer setback (max) 5 feet 

Tree setbacks Mature tree drip line must not overhang the basin 

Set back from wells, tanks or springs 100 feet 

Set back from foundations As recommended in Geotechnical Report 
1.      Ventura County’s Technical Guidance Manual for Stormwater Quality Control Measures 
2. CA Stormwater BMP Handbook for New Development and Significant Redevelopment 
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e) Enter the depth to the historic high groundwater level measured from the top of the 
basin. 

f) Enter the depth to the top of bedrock or other impermeable layer measured from the 
finished grade. 

g) The spreadsheet will determine D2, the total basin depth (including freeboard, if used) of 
the basin, based on restrictions to the depth by groundwater and an impermeable layer.   

   D2 = Depth to groundwater – (10 + freeboard) (ft);    
       or 
   D2 = Depth to impermeable layer – (5 + freeboard) (ft) 

Whichever is least. 
 

h) The spreadsheet will determine the maximum allowable effective depth of basin, DMAX, 
based on the smallest value between D1 and D2. DMAX is the maximum depth of water only 
and does not include freeboard. DMAX shall not exceed 5 feet. 

 
3. Basin Geometry 
 

a) Enter the basin side slopes, z (no steeper than 4:1). 

b) Enter the proposed basin depth, dB excluding freeboard. 

c) The spreadsheet will determine the minimum required surface area of the basin:  
 
   As = VBMP / dB 

 
Where    As    = minimum area required (ft2) 

                   VBMP = volume of the infiltration basin (ft3) 
              dB= proposed depth not to exceed maximum allowable depth, DMAX (ft)  
 

d) Enter the proposed bottom surface area. This area shall not be less than the minimum 
required surface area. 

 
4. Forebay  

A concrete forebay with a design volume of at least 0.5% VBMP and a minimum 1 foot high 
concrete splashwall shall be provided.  Full-height rectangular weir(s) shall be used to outlet 
the forebay.  The weir(s) must be offset from the line of flow from the basin inlet. It is 
recommended that two weirs be used and that they be located on opposite sides of the 
forebay (see Figure 2).  

 
a) The spreadsheet will determine the minimum required forebay volume based on 0.5% 

VBMP.   

b) Enter the proposed depth of the forebay berm/splashwall (1foot minimum).   

c) The spreadsheet will determine the minimum required forebay surface area. 

d) Enter the width of rectangular weir to be used (minimum 1.5 inches). Weir width should 
be established based on a 5 minute drawdown time. 
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3.2 INFILTRATION TRENCH 
 

 
Description 

Infiltration trenches are shallow excavated areas that are filled with rock material to create a 
subsurface reservoir layer.  The trench is sized to store the design capture volume, VBMP, in the 
void space between the rocks.  Over a period of 72 hours, the stormwater infiltrates through the 
bottom of the trench into the surrounding soil. Infiltration basins are highly effective in removing 
all targeted pollutants from stormwater runoff.  
 
Figure 1 shows the components of an infiltration trench.  The section shows the reservoir layer 
and observation well, which is used to monitor water depth.  An overflow pipe that is used to 
bypass flows once the trench fills with stormwater is also shown.   
 

Site Considerations  
The use of infiltration trenches may be restricted by concerns over groundwater contamination, 

soil permeability, and clogging at the site. See the Santa Margarita Region (SMR) Water Quality 

Management Plan (WQMP) for any specific feasibility considerations for using infiltration BMPs. 

Where this BMP is being used, the soil beneath the basin must be thoroughly evaluated in a 

geotechnical report since the underlying soils are critical to the basin’s long term performance. 

These basins may not be appropriate for the following site conditions:  

 Industrial sites or locations where spills of toxic materials may occur. 

 Sites with very low soil infiltration rates. 

 Sites with high groundwater tables or excessively high soil infiltration rates, where 

pollutants can affect groundwater quality. 

 Sites with unstabilized soil or construction activity upstream. 

 On steeply sloping terrain. 

 Infiltration trenches located in a fill condition should refer to Appendix A of this 

Handbook for details on special requirements/restrictions.   

This BMP has a flat surface area, so it may be challenging to incorporate into steeply sloping 
terrain. 

 

 

Type of BMP LID –  Infiltration  

Priority Level Priority 1 – Full Retention 

Treatment Mechanisms Infiltration, Evapotranspiration (when vegetated), Evaporation 

Infiltration Rate Range > 0.8 in/hr factored design infiltration rate 

Maximum Drainage Area 10 acres 
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Setbacks 

Always consult your geotechnical engineer for site specific recommendations regarding setbacks for 

infiltration trenches.  Recommended setbacks are needed to protect buildings, walls, onsite or nearby 

wells, streams, and tanks.   Setbacks should be considered early in the design process as they affect 

where infiltration facilities may be placed and how deep they are allowed to be.  For instance, 

depth setbacks can dictate fairly shallow facilities that will have a larger footprint and, in some 

cases, may make an infiltration trench infeasible.  In that instance, another BMP must be 

selected.  

 
In addition to setbacks recommended by the geotechnical engineer, infiltration trenches must 
be set back: 

 10 feet from the historic high groundwater mark (measured vertically from the bottom 
of the trench, as shown in Figure 1) 

 5 feet from bedrock or impermeable surface layer (measured vertically from the bottom 
of the trench, as shown in Figure 1) 

 From all mature tree drip lines as indicated in Figure 1 

 100 feet horizontally from wells, tanks or springs 

Setbacks to walls and foundations must be included as part of the Geotechnical Report. 

 
 

 
 

Figure 1 Section View of an Infiltration Trench 
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Sediment Control 
Infiltration BMPs have the risk of 
becoming plugged over time.  To 
prevent this, sediment must be 
removed before stormwater enters the 
trench.  Both sheet and concentrated 
flow types have requirements that 
should be considered in the design of 
an infiltration trench.   
 
When sheet type flows approach the 
trench along its length (as illustrated in 
Figure 2), a vegetated filter strip should 
be placed between the trench and the 
upstream drainage area.  The filter 
strip must be a minimum of 5 feet 
wide and planted with grasses (preferably native) or covered with mulch. 
 
Concentrated flows require a different approach.  A 2004 Caltrans BMP Retrofit Report found 
that flow spreaders recommended in many water quality manuals are ineffective in distributing 
concentrated flows.  As such, concentrated flows should either be directed toward a traditional 
vegetated swale (as shown on the right side of Figure 3) or to catch basin filters that can remove 
litter and sediment.  Catch basins must discharge runoff as surface flow above the trench; they 
cannot outlet directly into the reservoir layer of the infiltration trench.  If catch basins are used, 
the short and long term costs of the catch basin filters should be considered.   

Figure 3 Plan View, Concentrated Flows 
 

Figure 2  Plan View, Sheet Type Flows 
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Additional Considerations 

Class V Status 

In certain circumstances, for example, if an infiltration trench is “deeper than its widest surface 
dimension,” or includes an assemblage of perforated pipes, drain tiles, or other similar 
mechanisms intended to distribute fluids below the surface of the ground, it would probably be 
considered by the EPA to be a Class V injection well. Class V injection wells are subject to 
regulations and reporting requirements via the Underground Injection Control (UIC) Program.  To 
ensure that infiltration trenches are not considered Class V wells, the design procedure in this 
manual requires that the trench not be deeper than it is wide.   

Geotechnical Report 

A geotechnical report must be included for all infiltration trenches. Appendix A of this Handbook 
entitled “Infiltration Testing Guidelines”, details which types of infiltration tests are acceptable 
and how many tests or boring logs must be performed.  A Geotechnical Report must be submitted 
in support of all infiltration trenches.  Setbacks to walls and foundations must be included in the 
Geotechnical Report. 

Observation Wells 

One or more observation wells should be provided.  The observation well consists of a vertical 
section of perforated pipe, 4 to 6 inches in diameter, installed flush with top of trench on a foot 
plate and have a locking, removable cap. 

Overflow 

An overflow route is needed to bypass storm flows larger than the VBMP or in the event of 
clogging. Overflow systems must connect to an acceptable discharge point such as a downstream 
conveyance system.  

Maintenance Access 

Normal maintenance of an infiltration trench includes maintenance of the filter strip as well as 
debris and trash removal from the surface of the trench and filter strip.  More substantial 
maintenance requiring vehicle access may be required every 5 to 10 years.  Vehicular access along 
the length of the swale should be provided to all infiltration trenches.  It is preferred that trenches 
be placed longitudinally along a street or adjacent to a parking lot area.  These conditions have 
high visibility which makes it more likely that the trench will be maintained on a regular basis.   
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Inspection and Maintenance 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Design and Sizing Criteria 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Schedule Inspection and Maintenance Activity 
Every two weeks, or as 
often as necessary to 
maintain a pleasant 

appearance 

- Maintain adjacent landscaped areas.  Remove clippings 
from landscape maintenance activities. 

- Remove trash & debris 

3 days after  
Major Storm Events 

- Check for surface ponding.  If ponding is only above the 
trench, remove, wash and replace pea gravel.  May be 
needed every 5-10 years. 

- Check observation well for ponding.  If the trench 
becomes plugged, remove rock materials.  Provide a fresh 
infiltration surface by excavating an additional 2-4 inches 
of soil.  Replace the rock materials. 

Design Parameter Design Criteria 

Design Volume VBMP 

Design Drawdown time 72 hrs 

Maximum Tributary Drainage Area 10 acres 

Maximum Trench Depth 8.0 ft 

Width to Depth Ratio Width must be greater than depth 

Reservoir Rock Material 
AASHTO #3 or 57 material  or a clean, washed 

aggregate 1 to 3-in diameter equivalent 

Filter Strip Width 
Minimum of 5 feet in the direction of flow for all 

areas draining to trench 

Filter Strip Slope Max slope = 1% 

Filter Strip Materials Mulch or grasses (non-mowed variety preferred) 

Historic High Groundwater Mark 10 ft or more below bottom of trench 

Bedrock/Impermeable Layer Setback 5 ft or more below bottom of trench 

Tree Setbacks Mature tree drip line must not overhang the 
trench 

Trench Lining Material As recommended in Geotechnical Report 
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Infiltration Trench Design Procedure 
 

1. Enter the area tributary to the trench, maximum drainage area is 10 acres. 

 

2. Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook. 

 
3. Enter the site infiltration rate, found in the geotechnical report. 

 
4. Enter the factor of safety from Table 1 of Appendix A, Infiltration Testing. 

 
5. Determine the maximum reservoir layer depth, DMAX.  The value is obtained by taking the 

smaller of two depth equations but may never exceed 8 feet.  The first depth, D1 is related 

to the infiltration rate of the soil.  The second depth, D2, is related to required setbacks to 

groundwater, bedrock/impermeable layer.  These parameters are shown in Figure 1. 

 
 

Calculate D1. 

𝐷1 =
𝐼(𝑖𝑛

ℎ𝑟⁄ ) × 72 (ℎ𝑟𝑠)

12 (𝑖𝑛
𝑓𝑡⁄ ) × 𝑛

100⁄ × 𝐹𝑆
 

 

Where: 

I     = site infiltration rate (in/hr), found in the geotechnical report 
FS  = factor of safety, refer to Appendix A - Infiltration Testing 
n    = porosity of the trench material, 40%  

  
 
Calculate D2.  Enter the depth to the seasonal high groundwater and bedrock/impermeable 
layer measured from the finished grade.  The spreadsheet checks the minimum setbacks 
shown in Figure 1 and selects the smallest value.  The equations are listed below for those 
doing hand calculations.   
 
Minimum Setbacks (includes 1 foot for pea gravel): 

= Depth to historic high groundwater mark - 11 feet 
= Depth to impermeable layer - 6 feet  

 

D2 is the smaller of the two values.   

 

DMAX is the smaller value of D1 and D2, and must be less than or equal to 8 feet. 

 

6. Enter the proposed reservoir layer depth, DR.  The value must be no greater than DMAX. 
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7. Find the required surface area of the trench, AS. Once DR is entered, the spreadsheet will 

calculate the corresponding depth of water and the minimum surface area of the trench.  

𝐷𝑒𝑠𝑖𝑔𝑛 𝑑𝑊 = 𝐷𝑅 × (𝑛
100⁄ )                    𝐴𝑆 =

𝑉𝐵𝑀𝑃

𝐷𝑒𝑠𝑖𝑔𝑛 𝑑𝑊
 

Where:     

          AS     = minimum area required (ft2) 

       VBMP    = BMP storage volume (ft3) 

Design dW  = Depth of water in reservoir layer (ft) 

 
 

8. Enter the proposed design surface area; it must be greater than the minimum surface area. 
 

9. Calculate the minimum trench width.  This is to ensure that EPA’s Class V Injection well 
status is not triggered.  The total trench depth (shown in Figure 1) includes the upper foot 
where the overflow pipe is located.  The minimum surface dimension is DR + 1 foot. 

 

 
Additional Items 

The following items detailed in the preceding sections should also be addressed in the design. 
 
• Sediment Control 
 
• Geotechnical Report 

 
• Observation well(s) 

 

• Overflow 
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Reference Material 
 
California Stormwater Quality Association. California Stormwater BMP Handbook New 
Development and Redevelopment. 2003.  
 
County of Los Angeles Department of Public Works. Stormwater BMP Best Management 
Practice Design and Maintenance Manual for Publicly Maintained Storm Drain Systems. Los 
Angeles, CA, 2009.  
 
LandSaver Stormwater Management System. Tech Sheet - Porosity of Structural Backfill. 2006.  
 
United States Environmental Protection Agency. Office of Water, Washington D.C. Storm Water 
Technology Fact Sheet Vegetated Swales. 1999.  
 
United States Environmental Protection Agency. Office of Water. Memorandum on Clarification 
on Which Stormwater Infiltration Practices/technologies Have the Potential to Be Regulated as 
"Class V" Wells by Underground Injection Control Program. By Linda Boornazian and Steve 
Heare. Washington D.C., 2008.  
 
Ventura Countywide Stormwater Quality Management Program. Land Development Guidelines 
Biofilter Fact Sheet. Ventura, CA, 2001.  
 
Ventura Countywide Stormwater Quality Management Program. Technical Guidance Manual 
for Stormwater Quality Control Measures. Ventura, CA, 2002.  
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3.3 Permeable Pavement 
 

 

Description 
Permeable pavements can be either pervious asphalt and concrete surfaces, or permeable 
modular block. Unlike traditional pavements that are impermeable, permeable pavements 
reduce the volume and peak of stormwater runoff as well as mitigate pollutants from 
stormwater runoff, provided that the underlying soils can accept infiltration. Permeable 
pavement surfaces work best when they are designed to be flat or with gentle slopes. This 
factsheet discusses criteria that apply to infiltration designs.  
 
The permeable surface is placed on top of a reservoir layer that holds the water quality 
stormwater volume, VBMP.  The water infiltrates from the reservoir layer into the native 
subsoil. Tests must be performed according to the Infiltration Testing Section in Appendix A 
to be able to use this design procedure. 
  
In some circumstances, permeable pavement may be implemented on a project as a source 
control feature. Where implemented as a source control feature (sometimes referred to as 
a ‘self-retaining’ area), the pavement is not considered a ‘BMP’ that would be required to 
be designed and sized per this manual. Where permeable pavement receives runoff from 
adjacent tributary areas, the permeable pavement may be considered a BMP that must be 
sized according to this manual. Consult the Engineering Authority and the WQMP for any 
applicable requirements for designing and sizing permeable pavement installations. 
 

Siting Considerations 
The WQMP applicable to the project location should be consulted, as it may include criteria 
for determining the applicability of this and other Infiltration-based BMPs to the project.  
 

Permeable pavements can be used in the same manner as concrete or asphalt in low traffic 
parking lots, playgrounds, walkways, bike trails, and sports courts. Most types of permeable 
pavement can be designed to meet Americans with Disabilities Act (ADA) requirements.  
Permeable pavements should not be used in the following conditions:  
 

 Downstream of erodible areas  
 Downstream of areas with a high likelihood of pollutant spills  
 Industrial or high vehicular traffic areas (25,000 or greater average daily traffic) 
 Areas where geotechnical concerns, such as soils with low infiltration rates, would 

preclude the use of this BMP. 
 

Type of BMP LID –  Infiltration  

Priority Level Priority 1 – Full Retention 

Treatment Mechanisms Infiltration, Evaporation 

Infiltration Rate Range > 0.8 in/hr factored design infiltration rate 

Maximum Drainage Area 10 acres 



PERMEABLE PAVEMENT BMP FACT SHEET 
 

 
Low Impact Development Best Management Practice Design Handbook     rev. 4/2018 

Page 2 

Sites with Impermeable Fire Lanes 
Oftentimes, Fire Departments do not allow alternative pavement types including permeable 
pavement. They require traditional impermeable surfaces for fire lanes.  In this situation, it 
is acceptable to use an impermeable surface for the fire lane drive aisles and permeable 
pavement for the remainder of the parking lot.  
 
Where impermeable fire lanes are used in the design, the impermeable surface must slope 
towards the permeable pavement, and the base layers shall remain continuous underneath 
the two pavement types, as shown in Figure 1. This continuous reservoir layer helps to 
maintain infiltration throughout the pervious pavement site, and can still be considered as 
part of the total required storage area.  
 
 

 
 

Figure 1: Impermeable Fire Lanes 

 
 
Also, while a seal coat treatment may be used on the impermeable fire land, traditional seal 
coat treatments shall not be used on permeable pavement.  
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Setbacks 
Always consult your geotechnical engineer for site specific recommendations regarding 
setbacks for permeable pavement. Recommended setbacks are needed to protect 
buildings, walls, onsite wells, streams and tanks. 
 
 

 
Figure 2: Permeable Pavement Setback Requirements 

 
 
A minimum vertical separation of 10 feet is required from the bottom of the reservoir layer 
to the historic high groundwater mark, see Figure 2. A minimum vertical separation of 5 feet 
is required from the bottom of the reservoir layer to any impermeable layer in the soil. If 
the historic high groundwater mark is less than 10 feet below the reservoir layer section, or 
less than 5 feet from an impermeable layer, the infiltration design is not feasible.  
 

Design and Sizing Criteria 
To ensure that the pavement structural section is not compromised, a 24-hour drawdown 
time is utilized for this BMP instead of the longer drawdown time used for most volume 
based BMPs. 
 
Reservoir Layer Considerations 
Even with proper maintenance, sediment will begin to clog the soil below the permeable 
pavement. Since the soil cannot be scarified or replaced, this will result in slower infiltration 
rates over the life of the permeable pavement. Therefore, the reservoir layer is limited to a 
maximum of 12 inches in depth to ensure that over the life of the BMP, the reservoir layer 
will drain in an adequate time.  
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Note: All permeable pavement BMP installations (not including Permeable Pavement as a 
source control BMP i.e. a self-retaining area) must be tested by the geotechnical engineer to 
ensure that the soils drain at a minimum allowable rate to ensure drainage.. See the 
Infiltration Testing Section of this manual for specific details for the required testing and 
applied factors of safety.  
 
Sloping Permeable Pavement 
Ideally permeable pavement would be level, however most sites will have a mild slope. If 
the tributary drainage area is too steep, the water may be flowing too fast when it 
approaches the permeable pavement, which may cause water to pass over the pavement 
instead of percolating and entering the reservoir layer. If the maximum slopes shown in 
Table 1 are complied with, it should address these concerns. 
 

Table 1: Design Parameters for Permeable Pavement 

 
Regardless of the slope of the pavement surface design, the bottom of the reservoir layers 
shall be flat and level as shown in Figure 3. The design shown ensures that the water quality 
volume will be contained in the reservoir layer. A terraced design utilizing non-permeable 
check dams may be a useful option when the depth of gravel becomes too great as shown 
in Figure 3.  
 

            
  

 

 
 

 
Figure 4: Permeable Pavement with Non-permeable Check Dams 

 

Design Parameter Permeable Pavement 

Maximum slope of permeable pavement 3% 

Maximum contributing area slope 5% 

Figure 3: Sloped Cross Sections for Permeable Pavement 
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In Figure 4, the bottom of the gravel reservoir layer is incorrectly sloped parallel to the 
pavement surface. Water would only be allowed to pond up to the lowest point of the BMP. 
Additional flows would simply discharge from the pavement. Since only a portion of the 
gravel layer can store water, this design would result in insufficient capacity. This is not 
acceptable. 

 
Figure 5: Incorrect Sloping of Permeable Pavement 

 
To assure that the subgrade will empty within the 24 hour drawdown time, it is important 
that the maximum depth of 12 inches for the reservoir layer discussed in the design 
procedure is not exceeded. The value should be measured from the lowest elevation of the 
slope (Figure 4).  

 
Minimum Surface Area 
The minimum surface area required, AS, is calculated by dividing the water quality volume, 
VBMP, by the depth of water stored in the reservoir layer.  The depth of water is found by 
multiplying the void ratio of the reservoir aggregate by the depth of the layer, bTH. The void 
ratio of the reservoir aggregate is typically 40%; the maximum reservoir layer depth is 12”.  
 
Sediment Control 
A pretreatment BMP should be used for sediment control. This pretreatment BMP will 
reduce the amount of sediment that enters the system and reduce clogging. The 
pretreatment BMP will also help to spread runoff flows, which allows the system to infiltrate 
more evenly. The pretreatment BMP must discharge to the surface of the pavement and 
not the subgrade. Grass swales may also be used as part of a treatment train with permeable 
pavements.  
 
Liners and Filter Fabric 
Always consult your geotechnical engineer for site specific recommendations regarding 
liners and filter fabrics. Filter fabric may be used around the edges of the permeable 
pavement; this will help keep fine sediments from entering the system. Unless 
recommended for the site, impermeable liners are not to be used below the subdrain gravel 
layer.  
 
 
 
 
Overflow 

VBMP 
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An overflow route is needed in the permeable pavement design to bypass storm flows larger 
than the VBMP or in the event of clogging. Overflow systems must connect to an acceptable 
discharge point such as a downstream conveyance system.  
 
Roof Runoff 
Permeable pavement can be used to treat roof runoff. However, the runoff cannot be 
discharged beneath the surface of the pavement directly into the subgrade, as shown in 
Figure 6. Instead the pipe should empty on the surface of the permeable pavement as 
shown in Figure 7. A filter on the drainpipe should be used to help reduce the amount of 
sediment that enters the permeable pavement. 

 
Figure 6: Incorrect Roof Drainage 

             
Figure 7: Correct Roof Runoff Drainage 
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Infiltration 
Refer to the Infiltration Testing Section (Appendix A) in this manual for recommendations 
on testing for this BMP.  
 
Pavement Section 
The cross section necessary for infiltration 
design of permeable pavement includes:  

 The thickness of the layers of 
permeable pavement, sand and 
bedding layers depends on 
whether it is permeable modular 
block or pervious pavement. A 
licensed geotechnical or civil 
engineer is required to determine the thickness 
of these upper layers appropriate for the pavement type and expected traffic loads.  

 A 12” maximum reservoir layer consisting of AASHTO #57 gravel vibrated in place or 
equivalent with a minimum of 40% void ratio.  

   

Inspection and Maintenance Schedule –Modular Block 
 

Schedule Activity 

Ongoing 
 Keep adjacent landscape areas maintained. Remove 

clippings from landscape maintenance activities. 

 Remove trash and debris 

Utility Trenching and 
other pavement repairs 

 Remove and reset modular blocks, structural section 
and reservoir layer as needed. Replace damaged 
blocks in-kind.  

 Do not pave repaired areas with impermeable 
surfaces. 

After storm events  Inspect areas for ponding 

2-3 times per year  Sweep to reduce the chance of clogging 

As needed 
 Sand between pavers may need to be replaced if 

infiltration capacity is lost   

 
  

Figure 8: Infiltration Cross Section 
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Inspection and Maintenance Schedule –Pervious Concrete/Asphalt 
 

Schedule Activity 

Ongoing 
 Keep adjacent landscape areas maintained. Remove 

clippings from landscape maintenance activities. 

 Remove trash and debris 

Utility Trenching 
other pavement 

repairs 

 Replace structural section and reservoir layer in kind.  

 Re-pave using pervious concrete/asphalt. Do not pave 
repaired areas with impermeable surfaces. 

After storm events  Inspect areas for ponding 

2-3 times per year 
 Vacuum the permeable pavement to reduce the chance 

of clogging 

As needed 
 Remove and replace damaged or destroyed permeable 

pavement 

 

Design Procedure Permeable Pavement 
 

1. Enter the Tributary Area, AT. 
 

2. Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook. 
 

3. Enter the reservoir layer depth, bTH for the proposed permeable pavement. The 
reservoir layer maximum depth is 12 inches. 
 

4. Calculate the Minimum Surface Area, AS, required.  
 

Where, the porosity of the gravel in the reservoir layer is assumed to be 40%. 
 

5. Enter the proposed surface area and ensure that this is equal to or greater than the 
minimum surface area required.  
 

6. Enter the dimensions, per the geotechnical engineer’s recommendations, for the 
pavement cross section. The cross section includes a pavement layer, usually a sand 
layer and a permeable bedding layer. Then add this to the maximum thickness of the 
reservoir layer to find the total thickness of the BMP.  
 

7. Enter the slope of the top of the permeable pavement. The maximum slope is 3%. 
 

8. Enter whether sediment control was provided. 
 

AS(ft) =  
VBMP (ft3)

(0.4 × bTH (in)) 12(in ft⁄ )⁄
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9. Enter whether the geotechnical approach is attached. 
 

10. Describe the surfaces surrounding the permeable pavement. It is preferred that a 
vegetation buffer is used around the permeable pavement.  

11. Check to ensure that vertical setbacks are met. There should be a minimum of 10 
feet between the bottom of the BMP and the top of the high groundwater table, 
and a minimum of 5 feet between the reservoir layer the top of the impermeable 
layer.  
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3.4 Bioretention Facility 
 

 

Description 
Bioretention Facilities are shallow, vegetated basins underlain by an engineered soil media 
designed to retain the design capture volume VBMP. Bioretention Facilities function similarly to 
infiltration basins but have a shallower ponding depth and provide additional treatment through 
the inclusion of the soil media. Stormwater infiltrates through soil media and the bottom of the 
basin. Healthy plant and biological activity in the root zone maintain and renew the macro-pore 
space in the soil media and maximize plant uptake of pollutants and runoff. This helps extend the 
lifespan before clogging occurs and allows more of the soil column to function as both a sponge 
(retaining water) and a biofilter. In all cases, the bottom of a Bioretention Facility is unlined as 
the primary treatment process is infiltration. Flows exceeding VBMP must discharge to a 
downstream conveyance system. Biofiltration basins can be effective in removing targeted 
pollutants from stormwater runoff. Low-nutrient soil media (see Fact Sheet 3.8) is necessary to 
provide treatment and avoid leaching of nutrients.  
 

Siting Considerations 
These facilities generally work best when they are designed in a relatively level area. Unlike other 
BMPs, Bioretention Facilities can be used in smaller landscaped spaces on the site, such as, 
parking islands, medians, and site entrances. Identification of opportunities for siting 
bioretention facilities should begin with the initial layout of the site. Landscaped areas on the site 
(such as may otherwise be required through minimum landscaping ordinances), can often be 
designed as Bioretention Facilities. This can be accomplished by: 
 

 Depressing landscaped areas below adjacent impervious surfaces, rather than elevating 
those areas 

 Grading the site to direct runoff from those impervious surfaces into the Bioretention 
Facility, rather than away from the landscaping 

 Sizing and designing the depressed landscaped area as a Bioretention Facility.  

Type of BMP LID – Bioretention 

Priority Level Priority 1 – Full Retention 

Treatment Mechanisms Infiltration, Evapotranspiration, Evaporation,  

Infiltration Rate Range > 0.8 in/hr factored design infiltration rate 

Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped 
area in a distributed manner. Typically, contributing drainage areas 
to Bioretention Facilities range from less than 1 acre to a maximum 
of around 5 acres.  For facilities treating larger drainage basins, see 
Fact Sheet 3.7 for additional guidance on design of larger scale 
facilities.  
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For systems treating larger areas also consult Fact Sheet 3.7.  
 
Bioretention Facilities should not be used downstream of areas where large amounts of sediment 
can clog the system. Placing a Bioretention Facility at the toe of a steep slope should also be 
avoided due to the potential for clogging the engineered soil media with erosion from the slope, 
as well as the potential for damaging the vegetation. Inclusion of additional design components 
such as pretreatment may be included to mitigate clogging potential at the discretion of the local 
jurisdiction.  
 
The use of bioretention facilities may be restricted by risk of groundwater contamination, low 
soil permeability, and elevated potential for clogging at the site. Refer to Section 2.3.3 of the SMR 
WQMP for feasibility considerations for using bioretention BMPs. These BMPs may not be 
appropriate for the following site conditions:  

 Industrial sites or locations where spills of toxic materials may occur, except where 
spill containment and/or hydrologic isolation is provided to mitigate the risk of 
groundwater contamination the satisfaction of the local jurisdiction 

 Sites with very low soil infiltration rates or rates that cannot be reliably estimated 
prior to construction (e.g., deeper fills or deeper cuts) 

 Sites with high groundwater tables where pollutants can affect groundwater quality 

 Sites with unstabilized soil or construction activity upstream 

 On steeply sloping terrain 

 

Setbacks  
Always consult your geotechnical engineer for site specific recommendations regarding setbacks 
for Bioretention Facilities.  Recommended setbacks are needed to protect buildings, existing 
trees, walls, onsite or nearby wells, streams, and tanks.  Setbacks should be considered early in 
the design process since they can affect where Biofiltration Facilities may be placed and how 
deep they are allowed to be.   
 
Bioretention Facilities typically should be set back: 

 10 feet from the historic high groundwater (measured vertically from the bottom of the 
basin, as shown in Figure 1 

 5 feet from bedrock or impermeable surface layer (measured vertically from the bottom 
of the basin, as shown in Figure 1. 

 From all existing mature tree drip lines as indicated in Figure 1 (to protect their root 
structure) 

 100 feet horizontally from wells, tanks or springs 
 

Setbacks to walls and foundations must be included as part of the Geotechnical Report. All other 
setbacks shall be in accordance with applicable standards of the District’s Basin Guidelines 
(Appendix C). 



BIORETENTION BMP FACT SHEET 

Low Impact Development Best Management Practice Design Handbook     rev. 4/2018 

Page 3 

 
 

 

Figure 1 : Setback Recommendations for a Bioretention Facility 

 

Pretreatment 
Pretreatment should be considered to prevent premature clogging of bioretention BMPs. 
Pretreatment is strongly encouraged where the BMP will receive runoff from high traffic parking 
lots or roads, mixed land uses (with some erodible areas), or other land uses likely to generate 
elevated sediment.  
 
For BMPs receiving overland flow, pretreatment may be provided using forebays with a volume 
equivalent to at least 10 percent (preferably 20 percent) of VBMP. A forebay is effectively the first 
cell in the bioretention system, separated from the remaining area by a berm or cross plate. The 
forebay is designed to maximize sedimentation and will require more frequent, but more 
spatially-focused maintenance.  This portion of the system can be concrete lined to facilitate 
simpler maintenance. 
 
For BMPs with piped inlets, a forebay or sedimentation manhole may be applicable. In these 
systems, it is also necessary to consider energy dissipation near the inlet pipe, such as via a 
gravel/rock pad and berm system or concrete splash block, to avoid erosion of the bioretention 
media bed.  
 



BIORETENTION BMP FACT SHEET 

Low Impact Development Best Management Practice Design Handbook     rev. 4/2018 

Page 4 

If the BMP will receive runoff primarily from roofs, low-traffic impervious surface, or similar low 
sediment generating surfaces, then pre-treatment is not necessary, but energy dissipation should 
still be considered, particularly if there is a piped inflow such as a downspout.   
 

Design and Sizing Criteria  
This section summarizes the recommended design parameters for Bioretention Facilities. Use of 
the recommended parameters will help provide the expected treatment and long term 
performance of the BMP. Deviations from the recommended parameters may be warranted and 
approved by the local jurisdiction based on site specific considerations.  The recommended cross 
section for a Bioretention Facility includes:  
 

 Vegetated area 

 6” minimum, 12” maximum, surface ponding, measured from the top of the mulch layer 
(for designs with deeper depths, consult Fact Sheet 3.7) 

 Mulch layer (non-floating organic mulch or rock mulch) 

 24” recommended minimum depth of engineered soil media (36” preferred; 18” allowed 
in vertically-constrained conditions at the discretion of the local jurisdiction) 

 Engineered soil media design filtration rate of 2.5 inches per hour (initial filtration rate 
should be higher). 

 6” optional filter course layer (required if aggregate storage layer is included) 

 Optional gravel storage layer below media 

 Optional capped underdrain pipe (see Resilient Design Features section below for specific 
criteria and conditions related to this option) 
 

 

Figure 2: Standard Cross Section for a Bioretention Facility 
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Pore space in the soil and gravel layer can be credited as storage volume. However, several 
considerations must be noted: 
 

 Ponding depth above the soil surface (6 to 12 inches) is important to assure that design 
flows do not bypass the BMP when runoff exceeds the soil infiltration rate.  

 In cases where the Bioretention Facility contains engineered soil media deeper than 36 
inches, the pore space within the engineered soil media can only be counted to the 36-
inch depth.  

 A maximum of 30 percent pore space can be used for the soil media whereas a maximum 
of 40 percent pore space can be used for the gravel and filter course layers.  

 Additional depth below the storage layer (via gravel) may be used to increase retention 
storage, under the following conditions: 

o The total system infiltrates the stored water in less than 72 hours 
o The depth below the media does not exceed the amount of water that can be 

filtered through the media during a typical DCV storm duration (5 hours, unless 
otherwise documented).  

 

Adaptable/Resilient Design Option 
At the discretion of the engineer and with the approval of the local jurisdiction, bioretention 
BMPs may be designed with a gravel drainage layer and a capped underdrain. This is effectively 
a biofiltration design (Fact Sheet 3.5), but there is no design discharge from the underdrains.  The 
benefit of this configuration is that it allows simpler adaptation to a biofiltration BMP if this is 
warranted, documented, and approved.  
 
This option may only be approved for use under the conditions described in Section 2.3.3.g of 
the WQMP, including:  
 

1) The BMP must meet applicable infiltration BMP sizing standards without any discharge 

through the underdrain.  

2) The Project-Specific WQMP must also meet all applicable sizing standards (biofiltration 

sizing, hydromodification, if applicable) standards if the underdrain is uncapped.  

3) The underdrain must remain capped. Inspections conducted as part of the O&M Plan 

must corroborate that the underdrain remains capped.  

4) If conditions are identified that require the underdrain to be uncapped to allow the 

BMP to be enlarged or otherwise modified to remedy the documented unacceptable 

performance, this must include: (a) documentation of the conditions that prompt and 

justify the require design revision, (b) revision of the Project-Specific WQMP to reflect 

the revised configuration, and (c) jurisdictional review, approval, and recordation of 

the revised Project Specific WQMP with commensurate updates to the O&M Plan. 
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See Section 5.3.6 for guidance on Project-Specific WQMP updates. Note that this is the same 
process that would be required to wholly redesign and reconstruct an underperforming BMP. 
However, if adaptable design features are included, the actual physical change could be limited 
to uncapping the underdrain. 
 

Design Adaptations 
Bioretention facilities can be designed to meet both pollutant control and hydromodification 
control performance standards. Combined facilities typically include increased storage (surface 
and or subsurface) and flow control devices (i.e. outlet orifices and/or weirs). Outlets elevations 
must be set above the VBMP ponding level and the facilities must satisfy both the pollutant control 
and hydromodification control performance standards. 
 
For systems exceeding 12 inches ponding depth and/or 5 acres tributary area, see additional 
design considerations in Fact Sheet 3.7. 
 
Subsurface storage is not required but may be provided in the form of a gravel storage layer. 
Refer to the Subsurface Storage Requirements section for additional information and criteria. 
 

Engineered Soil Media and Filter Course Aggregate Requirements 
Refer to Fact Sheet 3.8 for specifications for engineered soil media and aggregate layers serving 
as filter course and drain rock in bioretention BMPs. 
 

Subsurface Storage Requirements 
Applicants may choose to provide a portion of the BMP storage volume as subsurface storage in 
a gravel storage layer. Use of subsurface storage instead of surface storage can be useful when 
the available surface ponding depth is limited or when a deeper profile is desired to reduce 
footprint requirements.  
 
The gravel storage layer shall not provide a greater storage volume than can be routed through 
the soil media during the typical design storm duration (i.e. 2.5 inches/hour x 5 hours = 12 inches 
effective water depth). Alternatively, a separate routing calculation may be performed by the 
applicant to demonstrate that the provided volume does not result in surface overflow (bypass 
of the BMP) before the gravel storage layer is full.  
 
When gravel storage layers are used, the filter course layer should be specifically designed to 
prevent migration of the engineered soil media into the storage layer. Refer to Fact Sheet 3.8 for 
filter course requirements. Inclusion of a filter course layer is mandatory unless filter fabric is 
allowed per manufacturer’s recommendation and is acceptable to the local jurisdiction.  
 

Vegetation Requirements  
Vegetative cover is important to minimize erosion and ensure that treatment occurs in the 
Bioretention Facility. The area should be designed for at least 70 percent mature coverage 
throughout the Bioretention Facility. To prevent the BMP from being used as walkways, 
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Bioretention Facilities shall be planted with densely planted shrubs and grasses. Grasses shall be 
shall be compatible with periodic inundation, preferably ones that do not need to be mowed. 
The application of fertilizers and pesticides should be minimal. To maintain oxygen levels for the 
vegetation and promote biodegradation, it is important that vegetation not be completely 
submerged for any extended period of time. Vegetation should be selected to withstand the 
anticipated drawdown time and ponding depths. Trees should only be used where they can be 
rooted into underlying native soil.  
 
A 2 to 3-inch layer of standard shredded aged hardwood mulch shall be placed as the top layer 
inside the Bioretention Facility. Rounded stone mulch may be considered. A sacrificial layer of 
coarse sand could be considered between the bioretention soil and stone mulch to reduce 
surface compaction.  The ponding depth shown in Figure 2 above shall be measured from the top 
surface of the 2 to 3-inch mulch layer. 
 

Curb Cuts and Energy Dissipation  
If the Bioretention Facility is sited to receive runoff from adjacent impervious areas, 1-foot-wide 
(minimum) curb cuts should be placed approximately every 10 feet around the perimeter of the 
Bioretention Facility. Figure 3 shows a curb cut in a Bioretention Facility. Curb cut flow lines must 
be at or above the VBMP water surface ponding level. Additionally, vertical curb cuts may be a 
tripping hazard. Where feasible, curb cuts should be tapered from the bottom to top of curb as 
shown below. When tapered cuts are used, the minimum bottom cut width remains 1 foot.  
 

 
Figure 3: Curb Cut located in a Bioretention Facility 

 
To reduce erosion, a gravel or riprap pad shall be placed at each inlet point to the Bioretention 
Facility.  The pad inside the Bioretention Facility should be flush with the finished surface at the 
curb cut and extend to the bottom of the slope. The size of gravel or riprap should be selected to 
withstand the expected peak flows into the basin.   
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In addition, an apron of stone or concrete, a foot 
square or larger should be placed inside each 
inlet to prevent vegetation from growing up and 
blocking the inlet.  See Figure 4. 
 
When runoff is routed to the facility via a pipe, 
gutter, ditch or other conveyance structure, the 
conveyance should outlet to the forebay portion 
of the BMP and include appropriate energy 
dissipation devices to prevent erosion and 
scouring of the forebay (i.e. limit outlet velocities 
to less than 2 feet per second). 
 

Terracing the Facility 
It is recommended that Bioretention Facilities 
be level. In the event the facility site slopes and 
lacks proper design, water would fill the lowest point of the BMP and then discharge from the 
basin without being treated. To ensure that the water will be held within the Bioretention Facility 
on sloped sites, the BMP must be terraced with nonporous check dams to provide the required 
storage and treatment capacity.  
The terraced version of this BMP shall be used on non-flat sites with no more than a 3 percent 
slope. The surcharge depth cannot exceed 0.5 feet, and side slopes shall not exceed 4:1. Table 1 
below shows the spacing of the check dams, and slopes shall be rounded up (i.e., 2.5 percent 
slope shall use 10' spacing for check dams). 
 

Table 1: Check Dam Spacing 

6” Check Dam Spacing 

Slope Spacing 

1% 25' 

2% 15' 

3% 10' 

 

Roof Runoff 
Roof downspouts may be directed towards Bioretention Facilities. However, the downspouts 
must discharge onto a concrete splash block or other appropriate energy dissipation device to 
protect the Bioretention Facility from erosion. 
 

Retaining Walls 
When Bioretention facilities are located adjacent to structures, walkways, roadways, parking lots, 
etc., it is recommended that Retaining Wall Type 1A, per Caltrans Standard B3-3 or equivalent, 
be constructed around the entire perimeter of the Bioretention Facility. This practice will protect 
the sides of the Bioretention Facility from collapsing during construction and maintenance or 

Figure 4: Apron located in a Bioretention Facility 
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from high service loads adjacent to the BMP. Where such service loads would not exist adjacent 
to the BMP, an engineered alternative may be used if signed by a licensed civil engineer. 
 

Side Slope Requirements 
Bioretention Facilities Requiring Side Slopes 
The design should assure that the Bioretention Facility does not present a tripping hazard. 
Bioretention Facilities proposed near pedestrian areas, such as areas parallel to parking spaces 
or along a walkway, should have a gentle slope to the bottom of the facility. Side slopes inside of 
a Bioretention Facility should generally be 4:1 unless steeper is approved by the local jurisdiction. 
A typical cross section for the Bioretention Facility is shown in Figure 2. 
 
Bioretention Facilities Not Requiring Side Slopes 
Where cars park perpendicular to the Bioretention Facility, side slopes are not required. A 12-
inch maximum drop may be used for vertical walls, and the Bioretention Facility should be 
planted with shrubs to prevent pedestrian access. In this case, a curb is not placed around the 
Bioretention Facility, but wheel stops shall be used to prevent vehicles from entering the 
Bioretention Facility, as shown in Figure 5: Bioretention Facility Layout without Side Slopes 
. 

 
Figure 5: Bioretention Facility Layout without Side Slopes 

 

Overflow 
An overflow route is needed in the Bioretention Facility design to bypass stored runoff from 
storm events larger than VBMP or in the event of facility clogging. Overflow systems must connect 
to an acceptable discharge point, such as a downstream conveyance system as shown in Figure 
2 and Figure 6.. The inlet to the overflow structure shall be elevated inside the Bioretention 
Facility to be flush with the ponding surface for the design capture volume (VBMP) as shown in 
Figure 6. This will allow the design capture volume to be fully infiltrated by the Bioretention 
Facility, and for larger events to safely be conveyed to downstream systems. The overflow inlet 
shall not be located in the entrance of a Bioretention Facility, as shown in Figure 6. 
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Figure 6: Incorrect Placement of an Overflow Inlet 

Underdrain Gravel and Pipes 
An underdrain gravel layer and capped perforated pipes may be provided in accordance with 
Appendix B – Underdrains. This is an optional configuration that is recommended when the 
design infiltration rate is between 0.8 and 2inches per hour. When the BMP is installed, the 
underdrain must be capped, such that no water is discharged. The underdrain serves only as a 
backup plan, which allows the facility to be converted to a biofiltration with partial infiltration 
facility if the post-construction infiltration rate is significantly less than measured during planning 
and design. Removal of the underdrain cap and conversion of the bioretention facility to a 
biofiltration with partial infiltration facility must be approved by the local jurisdiction with 
appropriate modifications to the Project-Specific WQMP and O&M Plan, as applicable.  

 

Inspection and Maintenance Schedule 
Inspection and maintenance of Bioretention Facilities is required to provide long term 
performance of these systems. Table 2 below provides a summary of the typical maintenance 
activities that may be applicable. Project specific activities and schedules may vary and are 
required to be included as part of the applicant’s O&M Plan. At a minimum, the Bioretention 
Facility area shall be inspected for erosion, dead vegetation, soggy soils, or standing water. The 
use of fertilizers and pesticides on the plants inside the Bioretention Facility should be minimized.  
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Table 2: Maintenance Summary 

Activity 

 Maintain vegetation as needed. Use of fertilizers, pesticides and herbicides should be 
avoided as much as possible to ensure they do not contribute to water pollution. If 
appropriate native plant selections and other IPM methods are used, such products should 
not be needed. If such projects are used,  

o Products should be applied in accordance with their labeling, especially in relation 
to application to water, and in areas subjected to flooding. 

o Fertilizers should not be applied within 15 days before, after, or during the rainy 
season. 

 Remove debris and litter from the entire basin to minimize clogging and improve aesthetics. 

 Check for obvious problems and repair as needed. Address odor, insects, and overgrowth 
issues associated with stagnant or standing water in the basin bottom.  

 Check for erosion and sediment laden areas in the basin. Repair as needed. Clean forebay if 
needed. 

 Revegetate side slopes where needed. 

 Inspect areas for ponding 

 Inspect for erosion and clogging, repair as needed.  

 Inspect of hydraulic and structural facilities: examine the inlet for blockage, the 
embankment and spillway for integrity, and damage to any structural element. 

 Check for erosion, slumping and overgrowth. Repair as needed. 

 Check basin depth for sediment build up and reduced total capacity. Scrape bottom as 
needed and remove sediment. Restore to original cross-section and infiltration rate. 
Replant basin vegetation. 

 Verify the basin bottom is allowing acceptable infiltration. Scarify the surface using a rake, 
etc., to restore infiltration, working to avoid damage to plants if possible.  

 No water should be present 72 hours after an event. No long term standing water should 
be present at all. No algae formation should be visible.  Correct problem as needed. 
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Bioretention Facility Sizing and Design Procedure 
 
1) Enter the area tributary, AT, to the Bioretention Facility.  

 
2) Enter the Design Capture Volume, VBMP, determined from Section 2.1 of this Handbook. 

 
3) Select the type of design used. There are two types of Bioretention Facility designs: the 

standard design used for most project sites that include side slopes, and the modified 
design used when the BMP does not use side slopes.  

 
4) Enter the depth of the engineered soil media, dS. The recommended minimum depth is 

24”. A depth of 36” is preferred to provide a enhanced root zone. Engineered soil media 
deeper than 36” will only get credit for the pore space in the first 36”. 
 

5) Enter the depth of the gravel storage layer, dg (if included). This dimension includes the 
associated 6-inch filter course layer (do not double count this dimension).  
 

6) Calculate the total effective depth, dE, within the Bioretention Facility. The maximum 
allowable pore space of the soil media is 30% while the maximum allowable pore space 
for the gravel layer is 40%. 
 
This is calculated as: 

dE(ft) = dP(ft) + [(0.3) × dS(ft) +  (0.4)  × dg(ft)] 
 
Where: 

dp = ponding depth 
ds = soil depth 
dg = gravel depth 

 
7) Check that drawdown time is acceptable (72 hours, or shorter if needed to support 

selected vegetation): 
a. Drawdown Time = dE / Kdesign 

Where:  
Kdesign = design infiltration rate (factored) determined per Section 2.3 of the WQMP 
and Appendix A of this LID-BMP Manual. 

 
8) Check that storage in gravel does not exceed the amount that can enter these systems 

during a typical storm event. The depth of effective stored water should be less than 12 
inches unless higher permeability media is used to allow faster filling of this layer. 
 

9) Calculate the required effective footprint area, this shall be measured at the mid-ponding 
depth of the BMP. For systems with side slopes, this should be the contour that is midway 
between the floor of the basin and the overflow elevation of the basin. The footprint of 
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the underlying gravel storage should extend to this contour. For systems with vertical 
walls, the effective footprint area is the full footprint.   

 
This is calculated as:  

ABMP(sq ft) = VBMP(𝑐𝑢 𝑓𝑡)/𝑑𝐸(𝑓𝑡) 
 

10) Enter the proposed effective surface area.  This area shall not be less than the minimum 
required effective surface area. 
 

11) Verify that side slopes are no steeper than 4:1 in the standard design, and are not required 
in the modified design. 

 
12) Provide the slope of the site around the Bioretention Facility, if used. The maximum slope 

is 3 percent for a standard design.  
 

13) Provide the check dam spacing, if the site around the Bioretention Facility is sloped.  
 

14) Describe the vegetation used within the Bioretention Facility. 
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3.5 Biofiltration with Partial Infiltration  
 

 

Description 
Biofiltration with Partial Infiltration Facilities are shallow, vegetated basins underlain by an 
engineered soil media designed to retain a portion of the design capture volume, VBMP, and 
provide biofiltration treatment for the portion not retained. Biofiltration with Partial Infiltration 
Facilities function similarly to bioretention facilities but always include a gravel storage layer 
and perforated underdrain where the gravel layer forms a sump below the discharge elevation 
of the underdrains. Healthy plant and biological activity in the root zone maintain and renew 
the macro-pore space in the soil media and maximize plant uptake of pollutants and runoff. 
This can extend the time until the BMP clogs and allows more of the soil column to function as 
both a sponge (retaining water) and an effective biofilter. In all cases, the bottom of a 
Biofiltration with Partial Infiltration Facility is unlined (for lined version, see Fact Sheet 3.6). 
When the infiltration rate and sump storage capacity for infiltration is exceeded, fully 
biofiltered flows are discharged via underdrains. In this way, these facilities are designed to 
maximize incidental volume reduction. Flows exceeding the design flowrate must discharge to a 
downstream conveyance system.  
 
Biofiltration with Partial Infiltration Facilities can be effective in removing targeted pollutants 
from stormwater runoff. Low-nutrient soil media (see Fact Sheet 3.8) is critical to provide 
treatment and avoid leaching of nutrients. 
 
Proprietary biofiltration devices may be categorized as Biofiltration with Partial Infiltration 
Facilities when they are combined with supplemental retention BMPs. Refer to the Biofiltration 
Fact Sheet for information regarding proprietary biofiltration BMPs. In order to use these BMPs 
as Biofiltration with Partial Retention, the applicant must provide evidence (calculations, 
narrative, etc.) to demonstrate that supplemental retention is provided to accompany 
proprietary biofiltration BMPs and is equivalent to the volume retention that would be 
provided by a Biofiltration with Partial Infiltration Facility. This does not refer to detention 
storage upstream of proprietary BMPs to reduce discharge rates through the BMPs.  

Type of BMP LID –  Biofiltration with Partial Infiltration  

Priority Level Priority 2 – Biofiltration 

Treatment Mechanisms Infiltration, Evapotranspiration, Evaporation, Biofiltration 

Infiltration Rate Range 0.1 to 0.8 in/hr factored design infiltration rate 

Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped 
area in a distributed manner. Typically, contributing drainage 
areas to Bioretention Facilities range from less than 1 acre to a 
maximum of around 5 acres. For facilities treating larger drainage 
basins see Fact Sheet 3.7 for additional guidance on design of 
larger scale facilities. 
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Siting Considerations 
These facilities work best when they are designed in a relatively level area. Biofiltration with 
Partial Infiltration Facilities can be used in smaller landscaped spaces on the site, such as: 

 Parking islands  
 Medians 
 Site entrances 

Identification of opportunities for siting bioretention facilities should begin with the initial 
layout of the site. Landscaped areas on the site (such as may otherwise be required through 
minimum landscaping ordinances), can often be designed as Biofiltration with Partial Infiltration 
Facilities. This can be accomplished by: 
 

 Depressing landscaped areas below adjacent impervious surfaces, rather than elevating 
those areas, 

 Grading the site to direct runoff from impervious surfaces into the Biofiltration with 
Partial Infiltration Facility, rather than away from the landscaping, and 

 Sizing and designing the depressed landscaped area as a Biofiltration with Partial 
Infiltration Facility as described in this Fact Sheet. 

 
Design of Biofiltration with Partial Infiltration Facilities should also consider, and mitigate or 
avoid, potential impacts related to sediment clogging. For example, facilities should not be used 
downstream of naturally high sediment producing areas (steep vegetated slopes or natural 
offsite areas) without including additional pretreatment mechanisms. 
 

Setbacks  
There are no default setbacks for use in feasibility screening for Biofiltration with Partial 
Infiltration BMPs. In general, incidental infiltration poses minor risks. However, if there are 
geotechnical or groundwater concerns documented in the project’s geotechnical report and 
Project-Specific WQMP, these may preclude any level of infiltration.  
 

Pretreatment 
Pretreatment mechanisms are not always required for Biofiltration with Partial Infiltration 
Facilities; however, they can extend the life and decrease the frequency of required 
maintenance of a BMP by reducing the amount of sediment loading to the facility.  
 
Pretreatment is strongly encouraged where the BMP will receive runoff from high traffic 
parking lots or roads, mixed land uses (with some erodible areas), or other land uses likely to 
generate elevated sediment.  
 
For BMPs receiving overland flow, pretreatment may be provided using forebays with a volume 
equivalent to at least 10 percent (preferably 20 percent) of VBMP.  A forebay is effectively the 
first cell in the bioretention system, separated from the remaining area by a berm or cross 
plate. Forebays are designed to maximize sedimentation and will require more frequent, but 
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more spatially-focused maintenance.  This portion of the system can be concrete lined to 
facilitate simpler maintenance. 
 
For BMPs with piped inlets, a forebay or sedimentation manhole may be applicable. In these 
systems, it is also necessary to consider energy dissipation near the inlet pipe, such as via a 
gravel pad and berm system or concrete splash block, to avoid erosion of the bioretention 
media bed.  
 
If the BMP will receive runoff primarily from roofs, low-traffic impervious surface, or similar low 
sediment generating surfaces, then pre-treatment is not necessary, but energy dissipation 
should still be considered, particularly if there is a piped inflow such as a downspout. 
 

Design and Sizing Criteria  
This section summarizes the recommended design parameters for Biofiltration with Partial 
Infiltration Facilities. Use of the recommended parameters will help provide the expected 
treatment and long-term performance of the BMP. Deviations from the recommended 
parameters may be warranted and approved by the local jurisdiction based on site specific 
considerations.  The recommended cross section necessary for a Biofiltration with Partial 
Infiltration Facility includes:  
 

 Vegetated area 

 6” minimum, 12” maximum, surface ponding, measured from the top of the mulch layer 
(for designs with deeper depths, consult Fact Sheet 3.7) 

 2 to 3” mulch layer 

 24” recommended minimum depth of engineered soil media (36” preferred; 18” allowed 
in vertically-constrained conditions at the discretion of the local jurisdiction) 

 6” filter course layer  

 18” gravel storage layer (up to 30” if desired) 

 6” minimum diameter perforated underdrain (refer to Appendix B) 
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Figure 1: Standard Section for a Biofiltration with Partial Infiltration Facility 

An upturned underdrain outlet, with the discharging section set to an elevation equal to the top 
of the filter course layer is the preferred configuration to maximize incidental volume 
reduction. However, if site-specific conditions require, the elevation of the upturned elbow may 
be reduced or omitted at the discretion of the local jurisdiction.  
 
Pore space in the soil and gravel layer can be credited as storage volume. However, several 
considerations must be noted: 
 

 Ponding depth above the soil surface (6 to 12 inches) is important to assure that design 
flows do not bypass the BMP when runoff exceeds the soil’s absorption rate.  

 In cases where the Bioretention Facility contains engineered soil media deeper than 36 
inches, the pore space within the engineered soil media can only be counted to the 36-
inch depth.  

 A maximum of 30 percent pore space can be used for the soil media whereas a maximum 
of 40 percent pore space can be used for the gravel and filter course layers.  

 Additional depth below the storage layer (via gravel) may be used to increase retention 
storage, under the following conditions: 

o The total system infiltrates the stored water in less than 72 hours 
o The depth below the media does not exceed the amount of water that can be 

filtered through the media during a typical DCV storm duration (5 hours, unless 
otherwise documented).  

 

Outlet Controlled Approach 
Biofiltration with Partial Infiltration Facilities may include the use of engineered soil media with 
a higher design filtration rate (up to 50 inches per hour) when combined with a flow restricting 
outlet control on the facility’s perforated underdrain. This configuration can provide greater 
protection against clogging because the underdrain outlet controls the rate at which 
stormwater is filtered through the media, rather than the media itself. The underdrain outlet 
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controls are designed to provide a flowrate equivalent to the typical design media filtration rate 
of 2.5 to 5 inches per hour.  
 

Design Adaptations 
Biofiltration with Partial Infiltration facilities can be designed to meet both pollutant control 
and hydromodification control performance standards. Combined facilities typically include 
increased storage (surface and/or subsurface) and flow control devices (i.e. outlet orifices 
and/or weirs). Outlets elevations for extra surface ponding must be set above the VBMP ponding 
level such that there is no discharge of untreated water for the VBMP, and the facilities must 
satisfy both the pollutant control and hydromodification control performance standards. For 
systems with ponding depth greater than 12 inches, also refer to Fact Sheet 3.7. 
 
Subsurface storage greater than the minimum 18-inch gravel storage layer may be provided. 
Additional subsurface storage may allow designers to provide a smaller footprint BMP, reduce 
the subsurface depth of the BMP, or allow for additional volume retention. Refer to the 
Subsurface Storage section for additional information and criteria. 
 

Engineered Soil Media Requirements and Aggregate Specifications 
Refer to Fact Sheet 3.8 for engineered soil media requirements and specifications and 
aggregate specifications serving as filter course and underdrain stone in Biofiltration BMPs.  
Low-nutrient soil media design described in Fact Sheet 3.8 is critical to provide treatment and 
avoid leaching of nutrients. 
 

Subsurface Storage Requirements 
Subsurface storage may be provided in the form of additional gravel thickness. For pollutant 
control, the depth of extra storage should not exceed 12 inches effective depth of water to 
ensure that the pores can be filled before surface overflow would be expected (5-hour typical 
storm x 2.5 in/hr = 12 inches = 30 inches of gravel).  
 
The filter course layer shall be specifically designed to prevent migration of the engineered soil 
media into the storage layer. The filter course specifications are provided in Fact Sheet 3.8. 
Inclusion of a filter course layer is mandatory unless filter fabric is allowed per manufacturer’s 
recommendation and is acceptable to the local jurisdiction. 
 

Vegetation Requirements  
Vegetative cover is important to minimize erosion and ensure that treatment occurs in the 
Biofiltration with Partial Infiltration Facility. The area should be designed for at least 70 percent 
mature coverage throughout the facility. To prevent the BMP from being used as walkways, 
Bioretention Facilities shall be planted with densely planted shrubs and grasses. Grasses shall 
be shall be compatible with periodic inundation, preferably ones that do not need to be 
mowed. The application of fertilizers and pesticides should be minimal. To maintain oxygen 
levels for the vegetation and promote biodegradation, it is important that vegetation not be 
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completely submerged for any extended period of time. Vegetation should be selected to 
withstand the anticipated drawdown time and ponding depths.  
 
A 2 to 3-inch layer of standard shredded aged hardwood mulch should be placed as the top 
layer inside the Biofiltration with Partial Infiltration Facility. The 6 to 12-inch ponding depth 
shown in Figure 1 above should be measured from the top surface of the mulch layer. Rounded 
stone mulch may be considered provided that it does not compact the underlying soils. A 
sacrificial layer of fine sand could be considered between the bioretention soil and stone mulch.  
 

Curb Cuts and Energy Dissipation  
If the Biofiltration with Partial Infiltration Facility is sited to receive runoff from adjacent 
impervious areas, 1-foot-wide (minimum) curb cuts should be placed approximately every 10 
feet around the perimeter of the Bioretention Facility. Figure 3 shows a curb cut in a 
Biofiltration with Partial Infiltration Facility. Curb cut flow lines must be at or above the VBMP 
water surface ponding level. Additionally, vertical curb cuts may be a tripping hazard. Where 
feasible, curb cuts should be tapered from the bottom to top of curb as shown below. When 
tapered cuts are used, the minimum bottom cut width remains 1 foot.  
 

 
Figure 2: Example Curb Cut  

To reduce erosion, a gravel or riprap pad shall be placed at each inlet point to the Biofiltration 
with Partial Infiltration Facility. The pad inside the Biofiltration with Partial Infiltration Facility 
should be flush with the finished surface at the curb cut and extend to the bottom of the slope. 
The size of gravel or riprap should be selected to withstand the expected peak flows into the 
basin.  
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In addition, place an apron of stone or 
concrete, a foot square or larger, inside each 
inlet to prevent vegetation from growing up 
and blocking the inlet. See Figure 4. 
 
When runoff is routed to the facility via a pipe, 
gutter, ditch or other conveyance structure, 
the conveyance should outlet to the forebay 
portion of the BMP and include appropriate 
energy dissipation devices to prevent erosion 
and scoring of the forebay (i.e. limit outlet 
velocities to 2 feet per second). 
 

Terracing the Facility 
It is recommended that Biofiltration with Partial 
Infiltration Facilities be level. In the event the 
facility site slopes and lacks proper design, water would fill the lowest point of the BMP and 
then discharge from the basin without being treated. To ensure that the water will be held 
within the Biofiltration with Partial Infiltration Facility on sloped sites, the BMP must be 
terraced with nonporous check dams to provide the required storage and treatment capacity.  
The terraced version of this BMP shall be used on non-flat sites with no more than a 3 percent 
slope. The surcharge depth cannot exceed 0.5 feet, and side slopes shall not exceed 3:1. Table 1 
below shows the spacing of the check dams, and slopes shall be rounded up (i.e., 2.5 percent 
slope shall use 10' spacing for check dams). 
 

Table 1: Check Dam Spacing 

6” Check Dam Spacing 

Slope Spacing 

1% 25' 

2% 15' 

3% 10' 

 

Roof Runoff 
Roof downspouts may be directed towards Biofiltration with Partial Infiltration Facilities. 
However, the downspouts must discharge onto a concrete splash block or other appropriate 
energy dissipation device to protect the Biofiltration with Partial Infiltration Facility from 
erosion. 
 

Retaining Walls 
When Bioretention facilities are located adjacent to structures, walkways, roadways, parking 
lots, etc., it is recommended that Retaining Wall Type 1A, per Caltrans Standard B3-3 or 
equivalent, be constructed around the entire perimeter of the Biofiltration with Partial 
Infiltration Facility. This practice will protect the sides of the Biofiltration with Partial Infiltration 

Figure 3: Apron located in a Biofiltration 
with Partial Retention Facility 
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Facility from collapsing during construction and maintenance or from high service loads 
adjacent to the BMP. Where such service loads would not exist adjacent to the BMP, an 
engineered alternative may be used if signed by a licensed civil engineer. 
 

Side Slope Requirements 
 
Biofiltration with Partial Infiltration Facilities Requiring Side Slopes 
The design should assure that the Biofiltration with Partial Infiltration Facility does not present 
a tripping hazard. Biofiltration with Partial Infiltration Facilities proposed near pedestrian areas, 
such as areas parallel to parking spaces or along a walkway, should have a gentle slope to the 
bottom of the facility. Side slopes inside of a Biofiltration with Partial Infiltration Facility should 
generally be 4:1 unless steeper is approved by the local jurisdiction. A typical cross section for 
the Bioretention Facility is shown in Figure 1.  
 
Biofiltration with Partial Infiltration Facilities Not Requiring Side Slopes 
Where cars park perpendicular to the Biofiltration with Partial Infiltration Facility, side slopes 
are not required. A 12-inch maximum drop may be used for vertical walls, and the Biofiltration 
with Partial Infiltration Facility should be planted with shrubs to prevent pedestrian access. In 
this case, a curb is not placed around the Biofiltration with Partial Infiltration Facility, but wheel 
stops shall be used to prevent vehicles from entering the Biofiltration with Partial Infiltration 
Facility, as shown in Figure 5. 
 
 

 
Figure 4: Biofiltration with Partial Infiltration Facility Cross Section without Side Slopes 

 

Overflow 
An overflow route is needed in the Biofiltration with Partial Infiltration Facility design to bypass 
stored runoff from storm events larger than VBMP or in the event of facility or subdrain clogging. 
Overflow systems must connect to an acceptable discharge point, such as a downstream 
conveyance system as shown in Figure 1 and Figure 5. The inlet to the overflow structure shall 
be elevated inside the Biofiltration with Partial Infiltration Facility to be flush with the ponding 
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surface for the design capture volume (VBMP) as shown in Figure 5. This will allow the design 
capture volume to be fully treated by the Biofiltration with Partial Infiltration Facility, and for 
larger events to safely be conveyed to downstream systems. The overflow inlet shall not be 
located in the entrance of a Biofiltration with Partial Infiltration Facility, as shown in Figure 6.  
 

 
Figure 5: Incorrect Placement of an Overflow Inlet 

 

Underdrain Gravel and Pipes 
An underdrain gravel layer and perforated pipes shall be provided in accordance with Appendix 
B – Underdrains. The underdrain shall be elevated at least 3” from the bottom of the gravel 
storage layer and be designed with an upturned elbow with an elevation equal to the top 
height of the filter course. This configuration will maximize retention and provides the most 
flexibility for BMP retrofitting. Inclusion of an upturned elbow is recommended but site-specific 
adaptations of this design are permitted at the discretion of the local jurisdiction. 
 

Inspection and Maintenance Schedule 
Inspection and maintenance of Biofiltration with Partial Retention Facilities is required to 
provide long term performance of these systems. Table 2 below provides a summary of the 
typical maintenance activities that may be applicable. Project specific activities and schedules 
may vary and are required to be included as part of the applicant’s O&M Plan,  At a minimum 
the Biofiltration with Partial Infiltration Facility area shall be inspected for erosion, dead 
vegetation, soggy soils, or standing water. The use of fertilizers and pesticides on the plants 
inside the Biofiltration with Partial Infiltration Facility should be minimized. 
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Table 2: Maintenance Summary 

Activity 

 Maintain vegetation as needed. Use of fertilizers, pesticides and herbicides 
should be strenuously avoided to ensure they do not contribute to water 
pollution. If appropriate native plant selections and other IPM methods are 
used, such products should not be needed. If such projects are used,  

o Products shall be applied in accordance with their labeling, especially 
in relation to application to water, and in areas subjected to flooding. 

o Fertilizers should not be applied within 15 days before, after, or 
during the rainy season. 

 Remove debris and litter from the entire basin to minimize clogging and 
improve aesthetics. 

 Check for obvious problems and repair as needed. Address odor, insects, and 
overgrowth issues associated with stagnant or standing water in the basin 
bottom. There should be no long-term ponding water. 

 Check for erosion and sediment laden areas in the basin. Repair as needed. 
Clean forebay if needed. 

 Revegetate side slopes where needed. 

 Inspect areas for ponding 

 Inspect for erosion and clogging, repair as needed.  

 Inspection of hydraulic and structural facilities. Examine the inlet for 
blockage, the embankment and spillway integrity, as well as damage to any 
structural element. 

 Check for erosion, slumping and overgrowth. Repair as needed. 

 Check basin depth for sediment build up and reduced total capacity. Scrape 
bottom as needed and remove sediment. Restore to original cross-section 
and infiltration rate. Replant basin vegetation. 

 Verify the basin bottom is allowing acceptable infiltration. Scarify the surface 
using a rake, etc., to restore infiltration, working to avoid damage to plants if 
possible.  

 No water should be present 72 hours after an event. No long term standing 
water should be present at all. No algae formation should be visible.  
Correct problem as needed. 
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Biofiltration with Partial Infiltration Facility Sizing and Design Procedure 
Biofiltration with Partial Infiltration Facilities provide treatment through two mechanisms, 
bioretention and biofiltration. The combined sizing procedure is presented below:  
  

1) Enter the area tributary, AT, to the Biofiltration with Partial Infiltration Facility.  
 

2) Enter the required Design Capture Volume, VBMP  determined from Section 2.1 of this 
Handbook. 
 

3) Enter the estimated footprint for the BMP (use available space or default of 3% of 
contributing impervious surface area). This is the effective footprint of the BMP. It is 
measured at the mid ponding depth of the BMP. For example, if the BMP has a ponding 
depth of 12 inches, then the effective footprint is the wetted surface area when the BMP 
is holding 6 inches of ponded water. The engineered soil media and stone reservoir should 
have at least this footprint below the BMP. For systems with vertical walls, the effective 
area is the same as the total area. 
 

4) Estimate the portion of the VBMP retained by the BMP. 
 

𝑉𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 = 18 𝑖𝑛𝑐ℎ𝑒𝑠 × (0.4
𝑖𝑛

𝑖𝑛
𝑝𝑜𝑟𝑜𝑠𝑖𝑡𝑦) ×  𝐴𝑟𝑒𝑎𝐵𝑀𝑃 × 

1 𝑓𝑡

12 𝑖𝑛𝑐ℎ𝑒𝑠
  

 
If deeper depth of gravel storage is used, then revise this calculation accordingly. 
 

5) Estimate the portion of VBMP not reliably retained by the BMP 
 

𝑉𝑁𝑜𝑡 𝑅𝑒𝑙𝑖𝑎𝑏𝑙𝑦 𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 = 𝑉𝐵𝑀𝑃 − 𝑉𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 
 

6) Enter the depth of surface ponding layer, dp. The minimum depth of surface ponding 
layer can be 6” so that the runoff is uniformly spread throughout the basin. The 
maximum depth can be 12”.  Higher depths may be allowed for facilities designed per 
the criteria in Fact Sheet 3.7. 
 

7) Enter the depth of the engineered soil media, dS. The recommended minimum depth is 
24”. A depth of 36” is preferred to provide an enhanced root zone. Engineered soil 
media deeper than 36” will only get credit for the pore space in the first 36”. 

 
8) Enter the design media filtration rate of the media (Idesign) of 2.5 in/hr to be used for 

sizing. Actual installed filtration rate may be higher.  
 

9) Enter the allowable routing period (Trouting) of 5 hours. Routing period is estimated based 
on 15th percentile storm duration for storms similar to 85th percentile rainfall depth at 
the Temecula gage. 
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10) Calculate the effective biofiltration depth, dE_bio, within the Biofiltration with Partial 
Infiltration Facility. The effective depth of biofiltration is calculated as:  

 
dE_bio (ft) = (dP + (0.3 x dS) + (Idesign x Trouting)) (ft) 

 
Where:  
 
Idesign = the media filtration rate (or effective filtration rate if an outlet control is 
included) 
 
The retention storage has already been accounted, so the effective biofiltration storage 
should only include the storage above the discharge elevation of the underdrain. The 
maximum allowable pore space of the soil media is 30%. This calculation accounts for 
water biofiltered filtered during the event.  
 

11) Calculate the effective static biofiltration depth, dE_bio_static, within the Biofiltration with 
Partial Infiltration Facility. The effective depth of biofiltration storage is calculated as:  

 
dE_bio_static (ft) = (dP + (0.3 x dS) (ft) 

 
This is similar to the effective biofiltered depth, but does not include the depth 
infiltrated during the storm event.  
 

12) Calculate the amount of Vbiofiltered and Vbiofiltered_static 
 

Vbiofiltered = dE_bio  (with routing) x Aeffective 
 

Vbiofiltered_static = dE_bio_static x Aeffective 
 

13) Compare the results of above to the required biofiltration volume. There are two 
options for demonstrating conformance: 

 
a) Vbiofiltered (with routing) > 150% of Vnot reliably retained 

 
OR 

 
b) Vbiofiltered_static > 0.75 x Vnot reliably retained 

 
14) If neither of these criteria are met, then return to Step 3, increase retention depth, 

increase footprint, or both, and rerun calculations. This calculation is inherently 
iterative.  
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15) Verify that side slopes are no steeper than 4:1 in the standard design, and are not 
required in the modified design.  Demonstrate that the assumed effective area is 
provided at the mid ponding contour of the BMP. 
 

16) Provide the diameter, minimum 6 inches, of the perforated underdrain used in the 
Biofiltration with Partial Infiltration Facility. See Appendix B for specific information 
regarding perforated pipes.  
 

17) Provide the slope within the Biofiltration with Partial Infiltration Facility, if used. The 
maximum slope is 3 percent for a standard design.  
  

18) Provide the check dam spacing, the Biofiltration with Partial Infiltration Facility is sloped. 
 

19) Describe the vegetation used within the Biofiltration with Partial Infiltration Facility. 
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3.6 Biofiltration Facility (no infiltration/limited infiltration) 
 

 

Description 
Biofiltration Facilities are shallow, vegetated basins that filter water through vegetation and 
engineered soil media prior to discharge via underdrain or overflow to the downstream 
conveyance system. Healthy plant and biological activity in the root zone maintain and renew the 
macro-pore space in the soil media and maximize plant uptake of pollutants and runoff. This can 
extend the time until the BMP clogs and allows more of the soil column to function as both a 
sponge (retaining water) and an effective biofilter.  
 
Biofiltration Facilities are similar to Biofiltration with Partial Infiltration Facilities except 
Biofiltration Facilities are generally lined and include a shallower gravel underdrain layer.  This 
fact sheet is condensed to include only the design aspects and criteria that are different when 
designing biofiltration compared to biofiltration with partial infiltration. The user should refer 
to the Biofiltration with Partial Infiltration Fact Sheet (3.5) and apply the criteria in that fact 
sheets with the exception of the differences below.  
 

Differences from Biofiltration with Partial Infiltration 
 
Infiltration constraints do not apply. There are no setbacks or considerations related to 
infiltration feasibility. Infiltration does not occur in appreciable amounts in these facilities. 
 
Underdrain placement and gravel depth is similar to biofiltration with partial infiltration, but 
for different purposes. These systems should still include a gravel layer of 12 to 18 inches below 
the underdrain discharge elevation wherever the system discharges to a nutrient-impaired water 
body. (This applies to all projects in Santa Margarita Watershed). This sump serves to promote 
nitrogen removal.  This can be achieved with an upturned elbow on the outlet. Alternative outlet 
configurations are acceptable at the discretion of the local jurisdiction.  

Type of BMP LID – Biofiltration 

Priority Level Priority 2 – Biofiltration without infiltration 

Treatment Mechanisms Evapotranspiration, Evaporation, Biofiltration 

Infiltration Rate Range Less than 0.1 in/hr (factored) or other feasibility criteria limits any 
amount of infiltration 

Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped 
area in a distributed manner. Typically, contributing drainage areas 
to Bioretention Facilities range from less than 1 acre to a maximum 
of around 5 acres. For facilities treating larger drainage basins see 
Fact Sheet 3.7 for additional guidance on design of larger scale 
facilities. 
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Planter box configuration is allowed. Biofiltration Facilities that do not include infiltration can 
also be placed above ground as planter boxes. Planter boxes must have a minimum width of 2 
feet, a maximum surcharge depth of 12 inches. No side slopes are necessary. Planter boxes must 
be constructed so as to ensure that the top surface of the engineered soil media will remain level. 
This option may be constructed of concrete, brick, stone or other stable materials that will not 
warp or bend. Chemically treated wood or galvanized steel, which has the ability to contaminate 
stormwater, should not be used. Planter boxes must be lined with an impermeable liner on all 
sides, including the bottom. Other general criteria for design are the same as biofiltration with 
partial infiltration.  
 

 
Figure 1: Planter Box 

 
Use of proprietary devices as biofiltration BMPs may be allowed. Approved proprietary 
biofiltration devices may be classified as Biofiltration facilities . Proprietary biofiltration facilities 
are small footprint, manufactured devices that have been designed to provide biofiltration 
treatment through the use of high filtration rate media. Proprietary biofiltration BMPs can be 
considered equivalent to standard biofiltration facilities for the “no infiltration” feasibility 
condition. See Section 2.3.7 of the 2018 WQMP for approval requirements. Separate sizing 
methods, maintenance requirements, and design criteria may apply to proprietary biofiltration 
BMPs.  
 
Sizing calculations are similar, but do not include the infiltration compartment. Because there 
is no volume retained via infiltration in these facilities, sizing methods differ.  
 

Biofiltration Sizing and Design Procedure   
 
Biofiltration Facilities provide treatment through biofiltration and do not provide appreciable 
retention (though a minor amount is possible via evapotranspiration). The sizing and design 
procedure is presented below:  
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1) Enter the area tributary, AT, to the Bioretention Facility.  
 

2) Enter the required Design Volume, VBMP  (also referred to as DCV) determined from 
Section 2.1 of this Handbook. 
 

3) Enter the estimated footprint for the BMP (use available space or default of 3% of 
contributing impervious surface area). This is the effective footprint of the BMP. It is 
measured at the mid ponding depth of the BMP. For example, if the BMP has a ponding 
depth of 12 inches, then effective footprint is the wetted surface area when the BMP is 
holding 6 inches of ponded water. For systems with vertical walls, the effective area is the 
same as the total area. 
 

4) Enter the depth of surface ponding layer, dp. The minimum depth of surface ponding 
layer can be 6” so that the runoff is uniformly spread throughout the basin. The 
maximum depth can be 12”.  
 

5) Enter the depth of the engineered soil media, dS. The recommended minimum depth is 
24”. A depth of 36” is preferred to provide an enhanced root zone. Engineered soil 
media deeper than 36” will only get credit for the pore space in the first 36”. 

 
6) Enter the design media filtration rate of the media (Idesign) of 2.5 in/hr to be used for 

sizing. Actual installed filtration rate may be higher.  
 

7) Enter the allowable routing period (Trouting) of 5 hours. Routing period is estimated based 
on the 15th percentile storm duration for storms similar to 85th percentile rainfall depth 
at the Temecula gage. 
 

8) Calculate the effective biofiltration depth, dE_bio. The effective depth of biofiltration is 
calculated as:  

 
dE_bio (ft) = (dP + (0.3 x dS) + (Idesign x Trouting)) (ft) 

 
The internal gravel storage is permanently saturated in this design and should not be 
considered in this calculation. The effective biofiltration storage should only include the 
storage above the discharge elevation of the underdrain. The maximum allowable pore 
space of the soil media is 30%. This calculation accounts for water biofiltered during the 
event.  
 

9) Calculate the effective static biofiltration depth, dE_bio_static, within the Biofiltration with 
Facility. The effective depth of biofiltration storage is calculated as:  

 
dE_bio_static (ft) = (dP + (0.3 x dS) (ft) 
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This is similar to the effective biofiltration depth above, but does not include the depth 
infiltrated during the storm event.  
 

10) Calculate the amount of Vbiofiltered and Vbiofiltered_static 
 

Vbiofiltered = dE_bio  (with routing) x Aeffective 
 

Vbiofiltered_static = dE_bio_static x Aeffective 
 

11) Compare the results of above to the required biofiltration volume. There are two 
options for demonstrating conformance: 

 
a) Vbiofiltered (with routing) > 150% of VBMP 

 
OR 

 
b) Vbiofiltered_static > 0.75 x VBMP 

 
Both calculations assume that no portion of the VBMP is retained. This is slightly 
conservative as it does not account for soil soaking and drying. But soil pores are credited 
as biofiltration volume. This simplification has negligible effect.  
 

12) If neither of these criteria are met, then return to Step 3, increase the footprint and 
rerun calculations. This calculation is inherently iterative.  
 

13) Verify that side slopes are no steeper than 4:1 in the standard design, and are not 
required in the modified design. Demonstrate that the assumed effective area is 
provided at the mid ponding contour of the BMP. 
 

14) Provide the diameter, minimum 6 inches, of the perforated underdrain used in the 
Biofiltration Facility. See Appendix B for specific information regarding perforated pipes.  
 

15) Provide the slope within the Biofiltration with Partial Infiltration Facility, if used. The 
maximum slope is 3 percent for a standard design.  
  

16) Provide the check dam spacing, the Biofiltration with Partial Infiltration Facility is sloped. 
 

17) Describe the vegetation used within the Biofiltration Facility. 
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3.7 Guidance for Large Bioretention/Biofiltration BMP Facilities 
 

 

Limits on Use and Applicability 

This fact sheet provides guidance for the design, installation, and maintenance of regional scale 

bioretention/biofiltration Best Management Practices (BMPs) for large multi-parcel projects. The 

requirements included in this fact sheet are in addition to, those specified in the LID BMP 

Handbook Fact Sheets for Bioretention (3.4), Biofiltration with Partial Infiltration (3.5), and 

Biofiltration with No Infiltration (3.6). The user will still need to refer to those fact sheets. This 

fact sheet then provides additional or overriding criteria for facilities that are designed at a larger 

scale. These additional criteria are necessary to address unique design challenges associated with 

larger facilities.  

Use of regional scale facilities is at the discretion of the Copermittee. Before continuing with 

design of regional scale facilities, PDPs shall consult with the Copermittee with jurisdiction over 

the project site.   

Categories of Regional Bioretention/Biofiltration Facilities 

The same categories of regional bioretention/biofiltration facilities apply at a regional scale and 

need to be selected based on the feasibility criteria at the location.  

 Bioretention (full infiltration) – Fact Sheet 3.4 

 Biofiltration with partial infiltration – Fact Sheet 3.5 

 Biofiltration (no infiltration/limited infiltration) – Fact Sheet 3.6 

Using a regional facility does not preclude the requirement to evaluate infiltration feasibility 

criteria. Large facilities require a thorough and detailed assessment of the sites underlying 

infiltration rates and geotechnical environment. Refer to the Santa Margarita Watershed WQMP 

for complete feasibility analysis requirements. 

Basic Design Requirements and Provisions 

Basin Guidelines 

All regional facilities shall be designed in accordance with the “Basin Guidelines” included in 

Appendix C of the LID BMP Handbook. Section 1 of the “Basin Guidelines” presents guidelines 

Applicability Large sites, multi-parcel sites, BMPs treating greater than 5 acres 

This fact sheet is intended to be used in combination with Fact 

Sheet 3.4, 3.5, or 3.6 to provide guidance for how to scale up the 

design of small scale features to larger scale basins 

LID BMPs Bioretention, Biofiltration with Partial Infiltration, and Biofiltration 

with No Infiltration 
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and standards for the design and maintenance of water quality basins used within Riverside 

County including provisions for:  

 General Criteria 

 Geotechnical Reports 

 Basin Grading Parameters 

 Setbacks 

 Outlet Structures and Spillways 

 Maintenance Access 

 Landscaping 

 Fencing, and 

 Additional Requirements 

Site Geotechnical Investigation 

A site-specific geotechnical investigation is required to determine subsurface conditions, 

infiltration rates, the seasonal high ground water elevation (SHGWE), and impacts to site environs 

as listed in the Feasibility Criteria. The investigation must be conducted by or under direct 

supervision of a State of California-licensed engineering geologist, geotechnical engineer, or civil 

engineer with experience in geotechnical engineering, and in compliance with the SMR WQMP. 

The Geotechnical Report shall meet the minimum requirements of the “Basin Guidelines” and 

provide the following additional information:  

 Infiltration rates (in accordance with the “Infiltration Testing Guidelines” included in 
Appendix A) 

 Seasonal high groundwater levels 

 Potential for groundwater mounding below the facility or down gradient 

 Geotechnical hazards 

 Other impacts to site environs, such as water balance impacts on biological resources 

 Utilities 

Summary of BMP Design Parameters 

The BMP design parameters contained in the respective fact sheets for Bioretention, Biofiltration 

with Partial Infiltration, and Biofiltration with No Infiltration apply to the design of large scale 

facilities of the same type; however, additional criteria also apply. Table 1 below provides a 

summary of the standard and augmented design components required for large scale facilities. 

Where augmented components are specified, additional design criteria are provided in this fact 

sheet to augment the criteria in the standard fact sheets.  
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Table 1. Design Requirements for BMP Components 

Component Design Requirements 

Pretreatment Augmented 

Cross Section Geometry Augmented 

Overflow Augmented 

Engineered Soil Media Standard 

Subsurface Storage Layer Standard 

Underdrain Augmented 

Energy Dissipation Augmented 

Internal Flow Distribution Augmented 

Media Properties and Outlet 

Control 
Augmented 

Landscaping Standard 

Vector Control Standard 

Maintenance Access Augmented 

Construction Considerations Augmented 

Sizing Standard 

 

Augmented Design Requirements for Regional Scale Facilities  

This section contains the augmented design parameters and requirements that are unique to 

Large Bioretention/Biofiltration Facilities. These provisions help to maintain BMP function and 

performance in larger facilities and provide additional storage and routing options that are not 

applicable to smaller scale facilities. 

Cross Section Geometry 

The following design parameters for regional scale facilities shall be used in place of the 

corresponding parameters for standard facilities:  

 The ponding depth above the engineered soil media shall not exceed 3 feet or the 
maximum depth that can be drained in 72 hours. A shorter drawdown time may be 
specified if necessary to support the selected vegetation.  

 The engineered soil media shall be a minimum of 2 feet deep. 

 Side slopes shall conform to the Basin Guidelines in Appendix C. 

Pretreatment 

Pretreatment shall be provided in order to reduce the sediment load entering the facility and to 

maintain the infiltration/filtration rate of the basin. This is more critical for regional facilities as 

they tend to be deeper and therefore have a larger sediment load per unit area of media.  

Where feasible, the following pre-treatment approach is recommended: 

 Stabilization or bypass of all exposed soil areas in the watershed.  
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 Use of a manufactured pre-treatment system with a GULD certification for “pre-

treatment” or “basic treatment” per Washington State TAPE Program. Currently 

approved products: are here: 

 http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html. Use 

Internet Explorer for this web page.  

The minimum pretreatment mechanism shall be a sedimentation basin or forebay with a volume 

equivalent to 20 percent of the BMP volume and shall be separated by a berm with a height of 

at least half of the total ponding depth of the facility.  

Overflow  

Regional facilities shall conform to the requirements included in the “Basin Guidelines” (Appendix 

C). These guidelines provide guidance for the design of outlet structures and spillways. 

Underdrain 

Hydraulic calculations shall be used to determine necessary size of underdrains. It should not be 
assumed that the 6-inch diameter default for smaller systems will be adequate for larger systems. 
Subdrains shall be sloped with positive drainage of at least 0.5%. 

Rigid non-perforated observation pipes with a diameter equal to the underdrain diameter shall 
be connected to the underdrain every 50 feet to provide a clean-out port as well as an 
observation well to monitor dewatering rates.  

 The wells/cleanouts shall be connected to the underdrain with the appropriate 
manufactured connections.   

 The wells/cleanouts shall extend 6 inches above the top elevation of the bioretention 
facility mulch, and shall be capped with a lockable screw cap.  Cleanouts may be 
integrated with vents, in which case the vent should extend above the facility high 
water line. 

 The ends of underdrain pipes not terminating in an observation well/cleanout shall be 
capped. 

Energy Dissipation 

Energy dissipation must be provided to prevent erosion of the engineered soil media layer. 

Internal erosion is a greater risk for larger BMPs due to the higher flow rates and velocities routed 

to them. Energy dissipation is required meeting the following provisions: 

1. All significant inlets shall enter the sediment forebay, if a sediment forebay is provided as the 
required pretreatment device. Significant inlets include any piped, channeled or conveyed 
inlets. If a forebay is not provided, a stilling well is recommended.  

2. Energy dissipation shall be provided at each inlet to the facility (including curb-cuts) and shall 
be engineered to control the velocity of inflows to less than 2 feet per second to prevent 
scour of the media bed. 

http://www.ecy.wa.gov/programs/wq/stormwater/newtech/technologies.html
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3. Woody plants (trees, shrubs, etc.) shall not be placed directly in the entrance flow path, but 
may be used in other portions of the regional facility. 

Side Slope Erosion Control 

Side slopes of regional facilities can contribute large sediment loads if not full stabilized prior to 
commissioning of the system. The design and construction phasing shall demonstrate how side 
slopes will be stabilized to minimize erosion.  Example design approaches include: 

 Revegetation with dense grass, including irrigation 

 Flexible soil armoring grid products combined with revegetation 

Flow Distribution System 

An internal flow distribution system should be considered to convey pre-treated inflows more 
evenly across the media bed. This helps avoid scour caused by concentrated flow of water  over 
the media surface near the inlet. It is also desirable to avoid short circuiting1. Example design 
approaches for flow distribution include: 

 Design a distribution channel or perforated pipe around a portion of the perimeter (1/2 
to 2/3 of the perimeter of the system) and internal to the facility, where needed, to 
distribute flows within the facility.  

 A distribution channel could consist of shallow swale (3 to 6 inches deep) in the media 
bed, armored with turf reinforcement matting, other geotextile, or cobbles, to withstand 
higher velocities.  

 The distribution system should be designed to drain completely between storm events.  

Media Bed Hydraulics and Outlet Control 

The following design approach for media outlet control should be considered to help improve 

filtration processes and media longevity for systems that are designed as biofiltration (with or 

without partial infiltration) 

1. An outlet-controlled underdrain system, consisting of an orifice or other flow control device 
that controls the rate at which water discharges from the system underdrain.2  

                                                      

 

 

1 Short-circuiting of flows refers to a disproportionately high fraction of the total filtration occurring in the immediate 
vicinity of the inlet. These conditions are undesirable as this can overwhelm biological functions and treatment 
processes in the areas receiving the majority of the flow and result in lower treatment performance on average.  
2 When an outlet-controlled underdrain is used, the rate of flow through the media is controlled by the rate that 
water can discharge from the underdrain orifice rather than the filtration rate of the media. The filtration rate of the 
media may vary spatially and will change with time. The use of an outlet controlled underdrain promotes more 
uniform infiltration across the media bed and longer average contact time with the biofiltration media. It also allows 
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2. When an outlet control is used, the initial media permeability may be higher (20 to 80 in/hr). 

3. The outlet control is then designed such that the average infiltration rate through the media 
(i.e., the rate at which water passes through the media; as controlled by the outlet, not by 
the saturated hydraulic conductivity of the media) is approximately 2.5 to 5 in/hr.  

4. The facility must drain freely to an acceptable discharge point. 

5. If the design configuration has potential for trapped air in the underdrain system to interfere 
with infiltration through the media bed (i.e., an “airlock”), it may be necessary to vent at an 
elevation above the high water line. 

 

Figure 1. Example Outlet Control Structure 

 

Design for LID and Hydromodification Control 

Large bioretention/biofiltration basins can be designed for both LID and hydromodification 
control. Figure 2 shows schematics of how LID and hydromodification designs can be 
integrated.  

 

                                                      

 

 

the biofiltration media to be designed with a higher initial saturated hydraulic conductivity, such that a greater 
degree of clogging can occur before maintenance of the media bed is required. 
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Figure 2. Example Schematic of Combination LID/Hydromodification Basin 

 

Maintenance Access 

Access for maintenance activities shall be provided as outlined in the “Basin Guidelines.”  
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Construction Considerations 

The following factors should be considered in construction of regional facilities. These criteria are 

not intended to be comprehensive or replace the need for complete construction specifications 

consistent with standard engineering practices and applicable standards.  

1. Irrigation should be considered to provide for robust plant establishment and growth and 
help improve long term permeability of the soil  

2. Regional bioretention/biofiltration facilities should not be hydraulically connected to the 
storm drain system until all contributing drainage areas are stabilized (e.g., with stable 
vegetative cover or pavement) or are controlled with robust erosion and sediment controls.  
For phased projects, where interim conditions include sediment producing open space 
and/or graded pads that will be under construction after the facility is brought online, a high 
level of sediment control must be provided. It is preferred to bypass any areas that are still 
under construction or otherwise not stabilized.  

3. To preserve and avoid the loss of infiltration capacity, the following construction guidelines 
should be specified: 

 Provisions address sedimentation, per above. 

 Compaction of the subgrade with heavy equipment should be minimized to the 
maximum extent possible. If the use of heavy equipment on the base of the facility 
cannot be avoided, the infiltrative capacity should be restored by tilling or aerating 
prior to placing the infiltrative bed. 

 If a full infiltration design is proposed, the exposed soils should be inspected by a 
geotechnical engineer after excavation to confirm that soil conditions are suitable. 

4. Batch-level testing of bioretention soil media should be considered. For regional systems 
including large quantities of soil, batch level testing can help control variability between 
batches.  

5. In-situ testing of bioretention soil media, such as with a single ring infiltrometer, should be 
considered on a specified interval. This can help confirm that placement methods are not 
resulting in significant loss of permeability.  

6. The use of treated wood or galvanized metal anywhere inside the facility is prohibited. 

7. As discussed above, side slopes of the basin should be well stabilized to avoid erosion onto 
the media bed.  

8. An establishment period for vegetation should be specified in the construction plans or 
landscape contractor agreements.  

Sizing Methodologies 

In general, the sizing methods described in Fact Sheet 3.4, 3.5, and 3.6 are applicable.  
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Augmented Maintenance Considerations 

Maintenance activities described in Fact Sheet 3.4, 3.5, and 3.6 are generally applicable. When 

developing the O&M Plan for regional facilities, additional consideration should be given to the 

scale of the regional facilities. For example: 

 Maintenance may require larger or specialized equipment compared to normal 

bioretention/biofiltration maintenance.  

 Access drive isles within the media bed may be needed. These drive isles could be 

reinforced with geotextiles, such as grid paver filled with gravel or BSM, to maintain 

permeability while supporting maintenance vehicle access.  

 Methods that are allowable for maintenance may need to be specified (e.g., limitations 

on vehicle traffic on the media bed) 

 A rotating maintenance cycle across different parts of the facility may be appropriate. This 

helps limit the impact to overall treatment processes when vegetation or media needs to 

be periodically replaced. For example, one third of the system could experience more 

intensive maintenance each year. 
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3.8 Bioretention/Biofiltration Soil Media and Drainage Aggregates 

 
Description 
Bioretention Soil Media (BSM) is a formulated soil mixture that filters pollutants from 
stormwater, retains moisture, and supports healthy vegetation. It is used in LID BMPs including 
Bioretention, Biofiltration with Partial Infiltration, and Biofiltration with No Infiltration. BSM 
consists of 60-80% sand, up to 20% topsoil, and 20% of an organic amendment, by volume.  

BSM must support healthy plant growth and should provide filtering of runoff. When used in 
Biofiltration BMPs that discharge filtered runoff to surface waters, BSM should be specially 
formulated to enhance filtering of runoff, reduce the risk of pollutant leaching from BSM, and 
limit the potential for clogging.   

All areas within the Santa Margarita Region (SMR) of Riverside County drain to the Santa 
Margarita River and Santa Margarita Estuary, both of which are listed as impaired for nutrients 
under the approved 2010 303(d) list. Accordingly, all BSM should be formulated to reduce the 
potential for nutrient leaching, especially when used in flow-through Biofiltration BMPs. 
Where a BMP may discharge to a waterbody that is impaired for other pollutants, BSM should 
be formulated to reduce leaching of those pollutants as well.   

The applicability of BSM testing requirements and other provisions of this Fact Sheet depend on 
the type of BMP and BMP design guidelines as shown in Table 1.  

Table 1. Applicability of BSM Specification and Testing Requirements.  

Testing Element 
Bioretention (full 

infiltration) 

Biofiltration (Partial and No 

Infiltration) 

General Criteria and Composition X X 

Basic Testing of Mixed BSM X X 

Hydraulic Evaluation of Mixed BSM  X 

Chemical Suitability of Mixed BSM  X 

Sand for BSM X1 X1 

Topsoil for BSM X1 X1 

Organic Amendments for BSM X X 

Mulch for BSM X X 

1 – Elements of these specifications may be waived by the local jurisdiction if testing of mixed BSM is acceptable. 

 

Type of BMP For Use with Bioretention, Biofiltration with Partial Infiltration, and 
Biofiltration with No Infiltration 

Treatment Mechanisms Biofiltration 

Other Names Engineered Soil Media 
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General Criteria and Composition 
 BSM should consist of 60-80% sand, up to 20% topsoil, and 20% of an organic 

amendment, by volume. Both mixed BSM and BSM components are subject to specific 
testing requirements depending on BMP type and design elements (see Table 1). To meet 
applicable requirements, suggested BSM component fractions and types are presented in 
Table 2. These are suggestions only; acceptance of BSM depends on BSM and BSM 
component testing results.  

 Alternative BSM components and proportions may be used if they meet all applicable 
testing requirements. Acceptance of any such alternative BSM is subject to approval from 
the local jurisdiction.   

 BSM should support the growth of hardy drought-tolerant native vegetation, which is 
typically adapted to thrive in limited nutrient environments. Excessive levels of nutrients 
in BSM can increase the presence of weeds and other undesirable vegetation and can 
cause export of nutrients from BSM. Accordingly, all BSM should be evaluated according 
to the “Basic Whole Mixture Testing Requirements” section.  

 Sand, topsoil, and organic amendment components of BSM, and mulch are subject to 
requirements contained in sections of this Fact Sheet titled “Sand for BSM”, “Topsoil for 
BSM”, “Organic Amendments for BSM”, and “Mulch for BSM”, respectively.  
Specifications for sand and top soil can be waived at the discretion of the local jurisdiction 
if whole mix texting shows acceptable properties.  

 To reduce the potential for nutrient leaching from BSM, it should be formulated according 
to the following guidelines (Also presented in Table 2).   

o For Bioretention BMPs, nutrient-sensitive compost may be used as the organic 
amendment according to requirements in the “Organic Amendments” section of 
this Fact Sheet.  

o For Biofiltration BMPs, mixed BSM must meet requirements in the “Chemical 
Suitability for Mixed BSM” section of this Fact Sheet. To meet these 
requirements, it is suggested that compost not be used as an organic amendment 
due to its potential to leach nutrients, even when carefully sourced to reduce such 
leaching. Instead, coconut coir pith, peat moss, or other alternative organic 
amendments are recommended. For guidance on these and other alternative 
organic amendments see the “Alternative Organic Amendments” subsection of 
this Fact Sheet.   

 BSM should be formulated to support the long-term design flow rate of a given BMP.  
o For Biofiltration BMPs, BSM plays a critical role in BMP hydraulic performance and 

should be formulated depending on whether underdrain outlet controls are used. 
BSM for Biofiltration BMPs should be evaluated according to the “Hydraulic 
Evaluation of Mixed BSM” section of this Fact Sheet. Meeting these requirements 
may require that the fines content of sand or top soil be limited (see Table 2). 
Some sources of top soil and sand may not provide adequate permeability.  

 BSM should always be blended before it is delivered to the site using a mechanical mixing 
method (e.g. drum mixer) to ensure uniform mixing. Using a loader to mix materials on 
site is typically not adequate for uniform mixing and is discouraged. If sand or topsoil 
components are sourced from the Project site, mixing may be conducted using loaders.   
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 Testing samples of the mixed BSM that is delivered to the site is highly recommended, 
especially for larger BMPs. Prior testing from a material manufacturer may be acceptable 
in place of project-specific data if it is not more than 6 months old and represents the 
actual mix proportions and components in the BSM delivered to the site.  

 Procurement, handling, and placement of BSM should adhere to guidelines in the 
“Construction Guidelines” section of this Fact Sheet.  

Table 2. Recommended BSM mixture component proportions and types to meet applicable requirements. 

Component Type Bioretention 
Biofiltration (Partial and No Infiltration) 

Without outlet control With outlet control 

Sand Type Washed Washed Washed 

Sand Fraction, by 

volume 
60% 60-80% 80% 

Topsoil Type 
Sandy Loam or Loamy 

Sand 

Sandy Loam or Loamy 

Sand 
NA 

Topsoil Fraction, by 

volume 
20% Up to 20% 0% 

Organic Type 
Nutrient-sensitive 

compost 

Coconut coir pith, peat, or 

low nutrient compost 

Coconut coir pith, peat, or 

low nutrient compost 

Organic Fraction, by 

volume 
20% 20% 20% 

 

Basic Testing for Mixed BSM 
Basic whole mixture testing should be conducted for any BSM used in stormwater BMPs. This 
should ideally be completed for actual mixed BSM that is used in site BMPs, but may be from a 
representative sample analysis not more than 6 months old. Sample(s) should be submitted to 
an agronomic laboratory for analysis of all parameters listed in this section. Laboratory analytical 
reports must document that mixed BSM conforms to the following requirements:  

 pH: 6.0 – 8.5 

 Salinity: 0.5 to 3.0 mmho/cm as electrical conductivity. 

 Sodium absorption ratio: < 6.0 

 Chloride: < 800 ppm 

 Cation Exchange Capacity (CEC): > 10 meq/100 g.  

 Organic Matter: 2 to 5% on a dry weight basis.  

 Carbon:Nitrogen Ratio: 12 to 40; preferably 15 to 40.  

 Sieve Fractions: Should adhere to the sieve fractions presented in Table 3 based on 
particle size analysis by ASTM Method D422 or similar.  
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Table 3. Sieve analysis requirements for mixed BSM 

Textural Class (ASTM D422) Size Range Mass Fraction 

Gravel Larger than 2 mm 0 to 25 percent of total sample 

Clay Smaller than 0.005 mm 
0 to 5 percent of non-gravel 

fraction 

 

Hydraulic Testing of Mixed BSM 
BSM that is used in Biofiltration BMPs plays a critical role in controlling flow through BMPs. BSM 
that flows too quickly can result in short contact times and poor hydraulics for pollutant removal. 
BSM that flows too slowly can limit surface infiltration rates below design assumptions, resulting 
in bypass during storms smaller than the design storm.  

Hydraulic Testing Requirements: Samples of mixed BSM used in Biofiltration BMPs should be 
submitted for laboratory analysis of hydraulic conductivity. BSM samples used in this analysis 
should preferably be sourced from the actual BSM batch that will be used in a given BMP but 
analytical results from a representative sample not more than 6 months old may also be 
accepted. Analysis of hydraulic conductivity may be conducted according to one of the following 
methods: 

 Permeability of Granular Soils: ASTM D2434, or, 

 Analysis of hydraulic conductivity by USDA Handbook 30 method 34b, or similar approved 
laboratory method.  

Hydraulic conductivity must be within the limits presented in Table 4 for BSM acceptance. 

Table 4. Hydraulic suitability requirements for BSM.  

BMP Hydraulic Regime Maximum Ksat (in/hr) Minimum Ksat (in/hr) 

Biofiltration with Unrestricted Outlet 

(media control) 
8 24 

Biofiltration with Restricted Outlet 

(outlet control) 
20 80 

Bioretention NA – Hydraulic Testing Not Required 

  

Chemical Suitability for Mixed BSM 
To reduce the potential for pollutant leaching to surface waters, a sample of BSM used in 
Biofiltration BMPs should be submitted for laboratory analysis for pollutant leaching potential. 
The BSM sample should be from the actual batch of BSM that is used in the BMP or from a 
representative sample not more than 6 months old.  This analysis should be performed according 
to the “Saturated Media Extract” methods (USDA Agricultural Handbook No. 60), which is 
commonly performed by agronomic laboratories. 
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Pollutant leaching test results for BSM should comply with limits for nitrate, phosphorus, and 
copper: 

 Nitrate: < 3 mg/L 

 Phosphorus: < 1 mg/L 

 Copper: < 0.025 mg/L 

Testing may be performed after laboratory rinsing of media with up to 15 pore volumes of water. 
Alternative organic amendments, may be needed to meet these criteria. The above pollutant 
leaching criteria may be waived at the discretion of the local jurisdiction.  

Mulch for BSM 
Bioretention and Biofiltration planting areas should generally be covered with 2 to 3 inches of 
well-aged, double or triple shredded mulch at the time of construction. An additional 1 to 2 
inches of mulch should be added annually. Mulch should be non-floating to avoid clogging 
overflow structures. Inorganic mulches, such as rock, may be used.  

Sand for BSM 
The requirements in this section may be waived at the discretion of the local jurisdiction if criteria 
are met for applicable whole mix testing.  

Sand should meet requirements for ASTM C33 “fine aggregate concrete sand.” It may be sourced 
from commercial soil suppliers or from natural soil deposits (such as may be found on site). Sand 
should conform to the following requirements: 

 Be free of any waste, wood, coatings (e.g. clay, stone dust, carbonate, etc.), or any other 
deleterious materials.   

 Conform to the particle size distribution requirements for ATSM C33 “fine aggregate 
concrete sand” in Table 5 based on sieve size analysis by ASTM Method D422 or similar. 
This should be documented by laboratory analysis results for the actual sand that was 
used in the BSM, or a representative sample analysis not more than 6 months old.  

 All aggregate passing the #200 sieve should be non-plastic.  

Table 5. Sieve size fractions for ASTM C33 “fine aggregate concrete sand”.  
Sieve Size  

(ASTM D422) 

 
Sieve Size (mm) 

Percent Passing (by weight) 

Minimum Maximum 

3/8 inch 9.5 100 100 

#4 4.8 95 100 

#8 2.4 80 100 

#16 1.2 50 85 

#30 0.60 25 60 

#50 0.42 5 30 

#100 0.15 0 10 

#200 0.08 0 5 
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Topsoil for BSM 
Topsoil can be an important part of BSM and can improve pollutant filtering, nutrient retention, 
and water holding. Because of these benefits, it is generally recommended as a component of 
BSM for Bioretention BMPs. However, topsoil (especially the fine fraction) can limit flow of water 
through BSM, so it may not be suitable for BSM.   

If topsoil is used as a component of BSM it should be a sandy loam or loamy sand that is free of 
hazardous materials. It may be sourced from regional soil suppliers or from the project site, 
providing that it meets all requirements in this Section. Decomposed granite and derivatives of 
decomposed granite are not considered to be topsoil. All topsoil should meet the following 
requirements as confirmed by laboratory analytical reports from samples used in the mixed BSM, 
or from a representative sample analysis not more than 6 months old: 

 Texture: Sandy loam or loamy sand according to the US Department of Agriculture 
Textural Classification System.  

Sieve Fractions: Should adhere to the sieve fractions presented in Table 6 based on particle size 
analysis by ASTM Method D422 or similar. Sieve analysis may be waived at the discretion of the 
local jurisdiction if permeability criteria are met for applicable whole mix testing.  

Table 6. Sieve analysis requirements for topsoil used in BSM 

Textural Class (ASTM D422) Size Range Mass Fraction 

Gravel Larger than 2 mm 0 to 25 percent of total sample 

Clay Smaller than 0.005 mm 
0 to 15 percent of non-gravel 

fraction 

 

Organic Amendments for BSM 
Organic amendments are a critical component of BSM to help filter pollutants from runoff, retain 
moisture, and support healthy vegetation. However, organic amendments, especially compost, 
can be a source of nutrients and other pollutants that can impact receiving waters.  

Nutrient leaching from organic amendments is a particular concern for BSM that is used in 
Biofiltration BMPs which can discharge directly to surface waters. Accordingly, BSM used in 
Biofiltrations BMPs must conform to requirements contained in the “Chemical Suitability of 
Mixed BSM” section of this Fact Sheet. Alternative Organic Amendments are recommended to 
comply with chemical suitability requirements.  

Bioretention BMPs discharge treated water to groundwater, so they pose less risk from nutrient 
export from BSM.  

All organic amendments should conform to the requirements in either “Compost for BSM” or 
“Alternative Organic Amendments for BSM”.  
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Compost for BSM 
Compost should be a well-decomposed, stable, weed-free organic source derived from waste 
materials including yard debris, wood wastes, crop residues, or other organic materials. It should 
not be derived from biosolids. Compost should preferably be certified through the US 
Composting Council (USCC) Seal of Testing Assurance (STA) Program.  

Compost should comply with the requirements in the list below. Given the stringent nature of 
these requirements, it is expected that not all composts will comply with the requirements. All 
requirements should be confirmed by laboratory analytical reports from samples of the compost 
used in the mixed BSM, or from a representative sample analysis not more than 6 months old.  

 Feedstock: Compost feedstock should be specified. Compost should not be derived, in 
whole or in part, from biosolids.  

 Source: Compost should be sourced from a facility that is permitted through CalRecycle. 
It should also preferably be sourced from a facility that is certified through the USCC STA 
program.  

 Physical contaminants: Not to exceed 1% by dry weight.  

 Organic Matter: 35% - 75% on a dry weight basis.  

 pH: 6.0 – 8.5 

 Salinity: < 10 mmho/cm as electrical conductivity 

 Carbon:Nitrogen Ratio: 12:1 – 40:1. Ideal C:N ratio is greater than 15:1 to reduce the 
potential for nutrient leaching, especially when compost is intended to be used as the 
organic amendment of BSM in Biofiltration BMPs.   

 Maturity/Stability: Shall conform to either: 
o Solvita Maturity Index: ≥ 5.5 
o CO2 Evolution: < 2.5 mg CO2-C per g compost organic matter per day or < 5 mg 

CO2-C per g compost C per day, whichever unit is reported.  

 Select pathogens: Shall pass US EPA Class A Standard, 40 CFR Section 503.32(a).  

 Trace metals: Shall pass US EPA Class A Standard, 40 CFR Section 503.13.  

Alternative Organic Amendments for BSM 
Amendments used as a substitute for compost should provide comparable pollutant filtration, 
water holding, and support for vegetation. Coconut coir pith and peat are two alternative organic 
amendments that have been successfully used to replace compost in BSM. If either of these 
amendments is used, they should conform to the requirements under the headers below. 

If other organic amendments are used a certified agronomist should certify that they would 
provide substantially equivalent pollutant filtration (i.e. nutrient retention and cation exchange 
capacity), water holding capacity, and would help to support healthy vegetation. Acceptance of 
any other organic amendment is subject to approval by the local jurisdiction.  

Coconut Coir Pith: 
If coconut coir pith is used as a component of BSM it should conform to the following 
requirements: 
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 Production Regime: Must be rinsed with freshwater to reduce potential salt water 
residues and screened to remove coarse fibers. 

 Aging: Must be aged a minimum of 6 months.  

 Salinity: < 2.0 mmho/cm as electrical conductivity.  

 Total Carbon: > 35% on a dry weight basis.  

 Total Nitrogen: < 1.5% on a dry weight basis. 

 C:N Ratio: > 40.  

Sphagnum Peat: 
If sphagnum peat is used as a component of BSM is should conform to the following 
requirements: 

 Salinity: < 3.0 mmho/cm as electrical conductivity.  

 Total Carbon: > 35% on a dry weight basis.  

 Total Nitrogen: < 1.5% on a dry weight basis. 

Aggregate Materials for BSM Drainage Layers 
Drainage of BSM requires the use of specific aggregate materials for filter course (aka choking 
layer) materials and for an underlying drainage and storage layer. Open graded ASTM No 57 stone 
(1/2” to 1-1/2” gravel) is used as the drain rock layer. ASTM No. 8 stone (1/4 to 1/2”pea gravel) 
is placed on top of this layer in a 3 inch lift. Choker sand is placed on top of the pea gravel in a 3-
inch lift immediately below the BSM. 

Rock and sand products used in BMP drainage should comply with size classifications in Table 7 
and Table 8. All sand and stone products used in BSM drainage layers shall be clean and should 
preferably be washed. 
 

Table 7. Particle size requirements for rock products.  

Sieve Size 
Percent Passing Sieves 

AASHTO No. 57 ASTM No. 8 

3 in - - 

2.5 in - - 

2 in - - 

1.5 in 100 - 

1 in 95 – 100 - 

0.75 in - - 

0.5 in 25 – 60 100 

0.375 in - 85 – 100 

No. 4 10 max. 10 – 30 

No. 8 5 max. 0 – 10 

No. 16   0 – 5 

No. 50   - 
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Table 8. Particle size requirements for choker sand 

Sieve Size 
Percent Passing Sieves 

Choker Sand - ASTM C33 

0.375 in 100 

No. 4 95 – 100 

No. 8 80 – 100 

No. 16 50 – 85 

No. 30 25 – 60 

No. 50 5 – 30 

No. 100 0 – 10 

No. 200 0 – 3 

 

Delivery, Storage, and Handling 
BSM and Aggregates should not be delivered or placed in frozen, wet, or muddy conditions. The 
Contractor should protect materials from absorbing excess water and form erosion at all times. 
The Contractor shall not store materials unprotected during large rainfall events (>0.25 inches). 
If water is introduced into material while it is stockpiled, the Contractor shall allow the material 
to drain to an acceptable level before it is placed.  

BSM shall be thoroughly mixed prior to delivery using mechanical mixing methods such as a drum 
mixer. BSM shall be lightly compacted and placed in loose lifts approximately 12 inches thick to 
ensure reasonable settlements without excessive compaction. Compaction within the BSM area 
should not exceed 75 to 85% standard proctor within the designated depth of BSM. Machinery 
shall not be used in the BSM area to place BSM. A conveyor or spray system shall be used for 
placement in large facilities. Low ground pressure equipment may be authorized for large 
facilities at the discretion of the local jurisdiction. 

Placement methods and BSM quantities shall account for approximately 10% volume loss due to 
compaction and settling. Planting methods and timing shall account for settling of media without 
exposing plant root systems.  

The local jurisdiction may request up to three double ring infiltrometer tests (ASTM D3385) or 
approved alternative tests to confirm that placed materials meet applicable hydraulic suitability 
criteria. If the infiltration rate of placed material does not meet applicable criteria, the local 
jurisdiction may require replacement and/or decompaction of materials.  

Quality Control and Acceptance 
Acceptance of materials will be based on test results that are certified by the Contractor to be 
representative of the materials that are delivered to the site. Laboratory testing should ideally 
be conducted on stockpiled materials prior to delivery to the site. Testing results may be from 
previously sampled materials if they are not more than 6 months old and if the Contractor 
certifies that they are representative of the materials that are actually delivered to the site. 
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3.9 Tree Wells 
 

 

Description 
Tree Wells are intended both to support the growth of healthy tress and to retain stormwater 
runoff. Tree Wells retain stormwater runoff via interception and evaporation of direct 
precipitation, and infiltration and evapotranspiration of runoff. Tree Wells also provide additional 
benefits from increasing tree cover including energy conservation, air quality improvements, and 
aesthetic enhancement.  
 
When properly designed, Tree Wells can retain stormwater runoff from up to 10 parts impervious 
surfaces for each unit of Tree Well soil surface area. Many design variations may be used in Tree 
Well BMPs including the use of structural soil mixes and proprietary load bearing suspended 
pavement cells. Tree Wells are often adjacent to a curb or driveway. As with all stormwater BMPs, 
stormwater must be allowed to enter and distribute through the system. In order to provide 
these functions, Tree Wells must include an inlet of some form and a surface distribution system 
to allow water to flow over the surface of the soil and infiltrate into soil pores. Tree Wells also 
must include permeable soils to support healthy vegetation and infiltration of runoff. 
 
Note: Proprietary Biofiltration BMPs such as Filterra and Modular Wetlands Systems do not 
qualify as Tree Wells as described in this Fact Sheet. Approval requirements for Proprietary 
Biofiltration BMPs can be found in the SMR WQMP.  
 

Types of Tree Wells 
Tree Wells may be designed in a variety of ways. They will typically fall into one of the three 
general categories: 

 Open Top Tree Wells are those that do not contain pavement above any portion of the 
tree well soil. The distribution and ponding layers for this type of Tree Well are comprised 
of a shallow depressed area at the soil surface. This is the simplest configuration. This 
allows water to soak into the tree well soil by ponding over the surface. The depressed 
area should extent over the limits of the tree well soils that is being claimed for 
stormwater benefits.  

 Structural Soil Tree Wells are those that support pavement or sidewalks above tree well 
soil that consists of structural soils that also permit healthy root growth. Structural soils 
are specially-blended to provide structural support for overlying pavement while also 
being supportive of healthy vegetation. Both proprietary and non-proprietary structural 

Soil Infiltration Range Suitable for all soil infiltration rates; soils less than 0.8 in/hr 
(factored) require supplemental underdrain 

Treatment Mechanisms Interception, Infiltration, Evapotranspiration, Filtration 

Maximum Drainage Area This BMP is intended to be integrated into a project’s landscaped 
area in a distributed manner, for all infiltration conditions. 
Typically, contributing drainage to a Tree Well will be less than 
5,000 sq-ft for a large tree.  



TREE WELLS BMP FACT SHEET 
 

Low Impact Development Best Management Practice Design Handbook     rev. 4/2018 

Page 2 

soils can be sourced from landscape and/or aggregate suppliers. The distribution and 
ponding layers for this type of Tree Well are provided by including a layer of open-graded 
gravel above the structural soil. This gravel layer permits rapid distribution of water over 
the surface of the structural soils and is also supportive of overlying pavement or 
sidewalks.  

 Suspended Pavement Tree Wells are those that use structural cells to transfer the weight 
of overlying pavement to deeper soil layers, thereby permitting a volume of uncompacted 
soils to support healthy tree growth and infiltration of runoff. The distribution and 
ponding layer for this type of tree well may consist of either void space at the top of the 
structural cells or open-graded gravel located at the surface of the Tree Well soil below 
the top of the suspended pavement cell. Suspended pavement cells are typically 
proprietary systems. 

 

Siting Considerations 
Tree Wells work best when they are installed in relatively levels areas, but mildly sloped areas 
can be accommodated. Because Tree Wells are typically relatively small BMPs, they can be 
situated in many parts of a site, such as: 

 Parking islands  
 Medians 
 Site entrances 
 Rights-of-Way between roadway and sidewalks 

 
Additionally, the use of Tree Wells as Self-Retaining Areas requires that the following siting 
guidelines be considered:  
 

 Tree species must be appropriately chosen for the development.  For public right-of-ways, 
local planning guidelines and zoning provisions for the permissible species and placement 
of trees should be consulted. Proper tree placement and species selection minimizes 
problems such as pavement damage by surface roots and poor growth. 

 To reduce the potential for clogging of Tree Well soil, Tree Wells should generally not be 
designed to receive runoff from high sediment producing areas such as bare ground or 
high traffic roadways.  

 Site grading must direct runoff from adjacent areas into Tree Wells if such areas are 
included as part of the Tree Well Self-Retaining Area.  

 There must be adequate grade differential at the tree well inlet so that water can reliably 
enter the system during storm events.  

 

Setbacks  
Locations of trees planted along public streets must follow local requirements and guidelines. 
Vehicle and pedestrian line of sight must be considered in tree selection and placement. Unless 
exemption is granted by the Copermittee the following minimum tree separation distances (from 
the tree trunk) are required:  
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 20 feet from traffic signal and/or stop sign  

 5 feet from underground utility lines (except sewer)  

 10 feet from sewer lines  

 10 feet from above ground utility structures (Transformers, Hydrants, Utility poles, etc.)  

 10 feet from driveways  

 25 feet from intersections (intersecting curb lines of two streets)  
 
If overhead utilities are located near a Tree Well, applicable tree selection guidelines should be 
followed. Such guidelines may permit that only certain shorter trees are permitted when 
overhead utilities are present.  
 

Pretreatment 
Pretreatment is not required for Tree Well BMPs; however, areas draining to BMPs should not 
include significant sources of sediment, which can lead to clogging of tree well soil pore space 
and reduce the stormwater benefit provided by Tree Wells. 
 

Overflow 
Tree Wells should be designed such that flows exceeding the retention capacity would bypass a 
given Tree Well and flow along a curb or gutter to an eventual storm drain inlet or another 
stormwater BMP. Because Tree Wells are usually small distributed BMPs, they are not required 
to include internal bypass piping connected to storm drains.  
 

Design Criteria 
To qualify as Self-Retaining Areas, all Tree Wells must be designed and sized according to the 
following requirements. 
 
For configurations receiving flow via an inlet, where a portion of the tree well soil is below 
adjacent sidewalks, etc. the following criteria apply:  

 Inlet(s) must be sized such that the runoff from the entire Self-Retaining area may flow 
unimpeded into the Tree Well during the 85th percentile 24-storm event. For Tree Wells 
with curb cut inlets, the cuts should be at least 18 inches wide. 

 Inlet Ponding Area is an open water ponded area at the inlet location. It must be at least 
10% of the total surface area of Tree Well soil area and must be at least 4 inches deep. It 
may not contain any gravel. The Inlet Ponding Area is intended to permit water to enter 
the system and flow into the distribution layer without premature bypass.  

 Distribution Layer must be designed to permit rapid flow of runoff from the Inlet Ponding 
Area across the entire surface of Tree Well soil. The Distribution Layer must cover at least 
80% of the total Tree Well soil surface area and must be level across the Tree Well Soil 
to permit even distribution. Distribution Layer materials and depths must conform to one 
of the following requirements: 

o Gravel Distribution Layers must be at least 12 inches thick and be composed of 
open-graded gravel. This layer may not be constructed using structural soil. 
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Gravel Distribution Layers are most applicable to Structural Soil Tree Wells, but 
they may also be used in Suspended Pavement Tree Wells.      

o If the distribution layer consists of open void space, this layer must be at least 4 
inches thick above the Tree Well Soil. Void space Distribution Layers are used in 
Open Top Tree Wells and may be used in Suspended Pavement Tree Wells.    

 
For all tree well configurations, the following criteria apply: 

 Extent of pooled water must be at least 80 percent of the tree well soil claimed for 
stormwater benefits.  

 Tree Well Soil must be at least 36 inches deep. Tree Well Soil should be reasonably 
permeable (target 2 in/hr) and should be Loamy Sand, Sandy Loam, Loam, or structural 
soil. Compaction of Tree Well Soil is only permitted for structural soils. The surface of the 
soil must be level.   

 Trees should be planted close to the center of the Tree Well soil and should not be 
located on the edge of the Tree Well area.  

 
Tree Wells may also include some of the following optional design elements: 

 Root Barriers to prevent root growth near utilities, under pavement, or near other 
sensitive areas. At the discretion of [Insert Jurisdiction], Root Barriers may be required 
when Tree Wells are located next to specific types of infrastructure.   

 Surface Grates to improve pedestrian access and prevent compaction of Open Top Tree 
Wells. Surface grates should not be used to support automobiles.  

 Underdrains to help avoid prolonged saturation in cases where underlying soils have low 
permeability.  

 

Sizing Criteria 
To qualify as Self-Retaining Areas, the amount of area draining to the Tree Well may be no more 
than 10 times as large as the surface area of Tree Well Soil. This sizing has been developed to 
provide ponding and pore storage equal to 1.5 times the DCV as explained at the end of this fact 
sheet. Sizing factors may be limited to smaller allowable tributary areas at the discretion of the 
local jurisdiction.  
  

Tree Selection 
Trees that are planted in Tree Wells should be selected according to the following guidelines: 

 Local Climate: Tree should be selected according to the local climate. Local landscaping 
requirements should be used to determine those trees that are appropriate. Trees should 
ideally be selected that require no irrigation except during initial establishment.  

 Mature Size: Trees should be selected such that there are at least 2 cubic feet of Tree 
Well Soil for each square foot of mature tree canopy projection (at the drip line). This is 
the amount of soil that is required to support healthy trees. Smaller trees should be 
selected for smaller Tree Wells. If the minimum Tree Well Soil Depth of 36 inches is used, 
trees should be selected to have a mature canopy projection up to 1.5 times the surface 
area of Tree Well Soil.  
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Maintenance  
When appropriately sited and designed, Tree Wells should require relatively limited 
maintenance. Inspection and maintenance activities may include the following: 
 

 Tree Health: Routine tree maintenance actions as necessary (e.g., pruning, watering 
young trees) 

 Dead or diseased tree: Remove dead or diseased tree. Replace per original plans. 

 Standing water in tree well for longer than 24 hours following a storm event: Loosen or 
replace soils surrounding the tree to restore drainage. 

 Presence of mosquitos/larvae: Disperse any standing water from the tree well to nearby 
landscaping. Loosen or replace soils surrounding the tree to restore drainage (and prevent 
standing water). 

 Accumulation of sediment in Tree Well Surface Ponding Area should be periodically 
removed to prevent clogging and to promote healthy trees without excessive sediment 
build up near the base.  

 Trash and debris build up inlet or surface ponding areas: remove trash and debris.  

 Entrance / opening to the tree well is blocked such that storm water will not drain into 
the tree well (e.g., a curb inlet opening is blocked by debris or a grate is clogged causing 
runoff to flow around instead of into the tree well; or a surface depression is filled such 
that runoff drains away from the tree well): Make repairs as appropriate to restore 
drainage into the tree well. 

 

Sizing and Design Justification 
 
This section does not apply to WQMP development. This section is included to provide the 
technical basis for the simple sizing factor of 10:1.  
 
The following calculations support simplified sizing and design criteria for Tree Wells to maximize 
retention of runoff: 
 
Retained Runoff = VTW x RSOIL + Ponding = ATW x (DTW x RSOIL + Ponding Depth) = ATW x ( 36” x 0.3 
in/in + 4”) = ATW x 14.8”  
 
Where:  

 Retained runoff equals the approximate runoff volume retained in a Tree Well 

 VTW is the volume of Tree Well Soil 

 ATW is the surface area of Tree Well Soil 

 DTW is the depth of Tree Well Soil 

 RSOIL is the retention of runoff in Tree Well Soil, as a volume fraction. RSOIL is intended to 
represent the amount of water that is temporarily held by soil during storm events but 
then subsequently lost to evapotranspiration or to infiltration into underlying soil. This 
would include all water held by soil between saturation and permanent wilting point. A 
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value of 0.3 is a conservative estimate assuming that Tree Well soil is Loam, Sandy Loam, 
or Loamy Sand texture.  

 
The amount of runoff generated from a given impervious area during the worst-case 85th 
percentile 24-hour storm is calculated as: 
 
Impervious Area Runoff = AIMP x D85Temecula = AIMP x 1.0” 
 
Where: 

 AIMP is the impervious area of the Self-Retaining Area 

 D85Temecula equals the 85th percentile 24-hour precipitation depth at Temecula. Temecula 
was selected for this analysis because it has the greatest 85th percentile 24-hour 
precipitation depth in the developed portions of the SMR region (only the higher terrain 
of the Eastern Slopes exceeds this value).  

 
For an I:P ratio of 10:1, the total loading to the Tree Well is 10 inches over the area of the tree 
well. 
 
The retention depth over the tree well is 14.8” providing a retention volume approximately 1.5 
times larger volume than the DCV. This ensures that the design would generally retain the DCV 
(if soil conditions allow) or provide biofiltration of 150% of the DCV if underlying soils do not allow 
for full infiltration and an underdrain is used. 
 
Design guidance for Tree Wells requires that the surface distribution depth be at least 4” of void 
space or 12” of open-graded gravel. These minimums are intended to promote dispersion of 
runoff across the entire Tree Well soil surface and to reduce the likelihood of Tree Well bypass 
during more intense storms. This also helps assure that runoff has time to infiltrate into the pores 
of the tree well soil.   
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3.10 Extended Detention Basin  
 

 
Overview 
The Extended Detention Basin (EDB) is designed to detain the design volume of stormwater, 

VBMP, and maximize opportunities for volume losses through infiltration, evaporation, 

evapotranspiration and surface wetting. Additional pollutant removal is provided through 

sedimentation, in which pollutants can attach to sediment accumulated in the basin through 

the process of settling. Stormwater enters the EDB through a forebay where any trash, 

debris, and sediment accumulate for easy removal. Flows from the forebay enter the basin 

which is vegetated with native grasses that enhance infiltration and evapotranspiration, and 

which is interspersed with gravel-filled trenches that help further enhance infiltration. 

Water that does not get infiltrated or evapotranspired is conveyed to the bottom stage of 

the basin. At the bottom stage of the basin, low or incidental dry weather flows will be 

treated through a sand filter and collected in a subdrain structure. Any additional flows will 

be detained in the basin for an extended period by incorporating an outlet structure that is 

more restrictive than a traditional detention basin outlet. The restrictive outlet structure 

extends the drawdown time of the basin which further allows particles and associated 

pollutants to settle out before exiting the basin, while maximizing opportunities for 

additional incidental volume losses. 

  

 

Type of BMP Flow-Through Treatment 

Priority Level Priority 3 – Treatment Control  

Treatment Mechanisms Sedimentation, Infiltration, Evapotranspiration (when vegetated), 
Evaporation 

Maximum Drainage Area 5 acres 



EXTENDED DETENTION BASIN BMP FACT SHEET 

Riverside County - Low Impact Development BMP Design Handbook rev. 4/2018 

Page 2 

 

Figure 1 – Extended Detention Basin 
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Siting Considerations 

Soils: EDBs can be used with almost all soils and geology. However, pollutant removal 

effectiveness is greatly improved when the underlying soil permits at least some infiltration.  

Tributary Area: EDBs should only be used where the tributary drainage area is at least 5 

acres, since meeting the draw-down requirements (discussed below) for smaller areas 

would result in very small outlet orifice diameters which would be prone to clogging.   

Proximity to Receiving Waters: All site runoff must be treated to the MEP with appropriate 

BMPs before being discharged into Receiving Waters; as such the EDB cannot be 

constructed in-line within Receiving Waters. 

Setbacks: Due to the infiltration characteristics incorporated into the EDB design, the lowest 

pervious point (beneath the filter drain) of the extended detention facility should be a 

minimum of 10' above the seasonal high groundwater table.  All other setbacks shall be in 

accordance with applicable standards of the “Basin Guidelines” (Appendix C) or other 

guidelines issued by the Engineering Authority (EA). 

Basin Guidelines: See Section 1 of the “Basin Guidelines” (Appendix C) for additional 

requirements (i.e., fencing, maintenance access, etc.) that may be required by the 

Engineering Authority (EA). 

 

Landscaping Requirements  
Basin vegetation provides erosion protection, enhances evapotranspiration and infiltration, 

and improves pollutant removal.  The upper stage basin surface, berms and side slopes shall 

be planted with native grasses.  Proper landscape management is also required to ensure 

that the vegetation does not contribute to water pollution through the use of pesticides, 

herbicides, or fertilizers.  Landscaping shall be in accordance with applicable standards of 

the “Basin Guidelines” (Appendix C) or other guidelines issued by the EA. 
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Maintenance Guidelines 
Schedule Inspection and Maintenance Activity 

During every scheduled 

maintenance check (per below), 

and as needed at other times 

 Maintain vegetation as needed. Use of fertilizers, pesticides and 

herbicides should be strongly avoided to ensure they don’t contribute 

to water pollution. If appropriate native plant selections and other IPM 

methods are used, such products shouldn’t be needed. If such projects 

are used:  

o Care should be taken to avoid contact with the low-flow 

or other trenches, and the media filter in the bottom 

stage.  

o Products shall be applied in accordance with their 

labeling, especially in relation to application to water, 

and in areas subjected to flooding. 

o Fertilizers should not be applied within 15 days before, 

after, or during the rainy season. 

 No ponded water should be present for more than 72 hours to avoid 

nuisance or vector problems. No algae formation should be visible.  

Correct problems as needed. 

Annually. If possible, schedule 

these inspections before the 

beginning of the rain season to 

allow for any repairs to occur 

before rains occur.  

 Remove debris and litter from the entire basin 

 Inspect hydraulic and structural facilities. Examine the outlet for 

clogging, the embankment and spillway integrity, as well as damage to 

any structural element.  

 Check for erosion, slumping and overgrowth. Repair as needed. 

 Inspect sand media at the filter drain to verify it is allowing acceptable 

infiltration. Scarify top 3 inches by raking the filter drain’s sand 

surface annually. 

 Check the media filter underdrains (via the cleanout) for damage or 

clogging.  Repair as needed. 

 Remove accumulated sediment and debris from the forebay, and 

ensure that the notch weir is clear and will allow proper drainage. 

 Check gravel filled low flow and collector trenches for sediment 

buildup and repair as needed. 

Every 5 years or sooner 

(depending on whether observed 

drain times to empty the basin are 

less than 72 hours). 

 Remove the top 3 inches of sand from the filter drain and backfill with 

3 inches of new sand to return the sand layer to its original depth. 

When scarification or removal of the top 3 inches of sand is no longer 

effective, remove and replace sand filter layer.   

Whenever substantial sediment 

accumulation has occurred. 

 Remove accumulated sediment from the bottom of the basin.  

Removal should extend to original basin depth. 
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Design Summary 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note: The information contained in this BMP Factsheet is intended to be a summary of design 

considerations and requirements.  Additional information which applies to all detention basins may 

be found in the “Basin Guidelines” (Appendix C).  In addition, information herein may be superseded 

by other guidelines issued by the Engineering Authority.   

Design Procedure 
These steps correspond to and provide a description of the information required in the EDB Design 

Worksheet. 

1. Find the Design Volume, VBMP.   

a) Enter the tributary area, AT to the BMP. The minimum tributary area is 5 acres.  

b) Enter the Design Volume, VBMP, determined from Section 2.1 of this Handbook. 

  

Design Parameter Extended Detention Basin 

Drawdown time (total) 72 hours 2,3 

Minimum drawdown time for  50% VBMP 24 hours 2 

Minimum tributary area 5 acres 2 

Outlet erosion control Energy dissipaters to reduce velocities1 

Forebay volume  3 to 5 % of VBMP
3  

Basin Invert Longitudinal Slope (min.) 1% 

Basin Invert Transverse (cross) Slope (min) 1% 

Low-flow trench width (min.) 48 inches 

Low-flow trench depth (min.) 24 inches 

Slope of low-flow trench along bottom 

excavated Surface (max.) 
1% 

Slope of gravel collector trenches along 

bottom excavated surface (max.) 
1 % 

Length to width ratio (min.) 1.5:1  

Basin depth (min.) 1 foot 3 

Bottom stage volume 0.5 % of VBMP 3 

Bottom stage depth (min) 0.33 feet 3 

Filter drain depth (min) 2.33 feet 3 

1. Ventura County’s Technical Guidance Manual for Stormwater Quality Control Measures 

2. CA Stormwater BMP Handbook for New Development and Significant Redevelopment 

3. Denver, Colorado’s UDFCD Drainage Criteria Manual, Volume  3 
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2. Basin Footprint 

a) Enter the length and width of the EDB. The length shall be measured between the 

inlet to the basin and the outlet structure; and the width shall be measured at the 

widest point of the basin invert. The length to width ratio should be 1.5:1 or longer to 

prevent short-circuiting and increase the overall effectiveness of the BMP. 

 

b) Enter the internal basin side slopes. See the “Basin Guidelines” (Appendix C) for side 

slope requirements. If variable internal side-slopes are used, enter the steepest slope 

that will be used. 

c) Using Figure 1 as a guide, enter the proposed basin depth, DB, and the freeboard 

depth, DFB. Based on the information provided, the spreadsheet will calculate the 

minimum total depth required, DREQ, for this BMP. DREQ is the depth from the bottom 

of the underdrain layer in the bottom stage (see step 5c), to the top of the freeboard.  

This calculated minimum required depth can be used to determine if enough elevation 

difference is available within the design topography to allow for use of this BMP.  

d) Additionally, the basin depth DB is equal to DO, which is the depth from the design 

pond water surface elevation to the lowest orifice in the outlet structure. DO is 

confirmed by the spreadsheet and is used in the Basin Outlet Design described in step 

6 below. It should be noted that this lowest orifice is a critical elevation in the design 

of this BMP. The Volume of the Basin VBasin described in step 3d) is the volume of water 

above this lowest orifice. This lowest-orifice also represents the dry weather ponded 

water surface discussed in step 5c below. Below this elevation there must be a 

minimum of a 4-inch drop down to the surface of the Sand Filter in the bottom stage.  
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3. Basin Design 

a) The Total Basin Depth, DTOT, is calculated automatically, and is the sum of the basin 

depth DB plus the freeboard depth DFB. 

b) Enter the longitudinal slope of the basin invert. This slope must be at least 1% and is 

measured along the low flow trench between the forebay and the bottom stage. Note 

that the surface of the sand layer in the bottom stage must be level (see Figure 1).  

c) Enter the transverse slope of the basin invert. This transverse (cross sectional) slope 

must be at least 1% sloped toward the low flow trench.  

d) Enter the Volume of the Basin, VBasin. This volume must be the actual volume of water 

held within the basin as substantiated by modeling or appropriate volumetric 

calculations, and must be equal to or greater than VBMP. This volume must be held 

above the lowest orifice in the Basin Outlet Design described in step 6 below. 

4. Forebay Design 

All flows must enter the basin through the forebay. 

The forebay provides a location for the settlement 

and collection of larger particles, and any other 

trash or debris.  A relatively smooth and level 

concrete bottom surface should be provided to 

facilitate mechanical removal of any accumulated 

sediment, trash and debris. 

a) Enter the Forebay Volume VFB. This 

volume must be from 3 to 5 percent of 

VBMP.  

b) A rock or concrete berm must be constructed to detain water before it drains into the 

basin.  The top of the berm shall be set no higher than the invert of the inlet 

conveyance. Enter the Forebay Depth, DFBY.  

c) The spreadsheet will calculate the minimum surface area of the forebay, AFB, based 

on the provided Forebay Volume and Depth. Ensure that the plans provide for a forbay 

area at least this large. 

d) Although the forebay will be well submerged in the design event, a full height 

rectangular notch-type weir shall be constructed through the berm to prevent 

permanent ponding in the forebay, and allow water to slowly and fully drain to the 

main body of the basin.  This notch should be offset from the inflow streamline to 

prevent low-flows from short circuiting. Enter the width, W, of this rectangular notch 

weir. The width shall not be less than 1.5 inches to prevent clogging. Additionally, 

immediately outside the notch construct a minimum 1-foot by 1-foot gravel pad to 

Figure 2: Forebay filled with storm water 
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prevent vegetative growth within the basin invert from blocking the notch. 

5. Dry Weather and Low-Flow Management 

The basin shall have both a low-flow gravel trench and a network of gravel collector trenches 

across the invert of the basin, as well as a bottom stage sand filter to treat low flows and dry 

weather flows (see Figure 1).   

a) Low Flow Trench: The low-flow gravel trench conveys flow from the forebay to the 

bottom stage, while allowing for maximum 

incidental infiltration and volume loss. The 

trench shall be a minimum of 48 inches wide 

by 24 inches deep. This trench shall be 

unlined and backfilled with AASHTO No. 2 

gravel (or similar) to the finished surface of 

the basin invert, and shall not use 

underdrains.  The bottom excavated surface 

of the low-flow trench shall be 1 percent or 

flatter to promote infiltration. 

b) Collector Trenches: Gravel collector trenches beneath the top stage shall be arranged 

as illustrated in Figure 1 of Appendix C with minimal slope (1% maximum) along their 

bottom excavated surface to promote infiltration, and must extend from the low-flow 

trench to the toe of the basin side slopes.  They shall be a minimum of 18-inches wide 

by 24-inches deep, unlined and backfilled with AASHTO No. 2 gravel (or similar) to the 

finished basin invert surface.  The gravel collector trenches shall not use underdrains 

and shall be constructed with a maximum spacing of 25 feet, center to center.  See 

Figure 1 of Appendix C. 

c) Bottom Stage: A depressed sand filter drain area, referred to as the bottom stage, 

must be constructed adjacent to the outlet structure to treat any dry weather flows. 

To ensure that dry weather flows are treated through the sand filter and not 

discharged through the orifice plate, the top surface of the sand filter must be 

depressed at least 4 inches below the lowest orifice in the outlet structure. This 

depressed area will create a micro pool of water that is then filtered down through 

the sand filter and out through underdrains. Based on the minimum dimensions 

described below, the minimum depth of excavation below the lowest orifice in the 

outlet structure is 2.33 feet.  

i. Enter the Depth of the bottom stage, DBS. As mentioned above, this depth 

must be at least 4 inches, and extend down below the lowest orifice in the 

outlet structure.  

ii. Enter the area of the bottom stage, ABS. 

Figure 3: Gravel filled low-flow trench 
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iii. Based on the DBS and ABS entered, the spreadsheet will calculate VBS. This 

volume is the volume of ponded water that will be held below the lowest 

orifice in the outlet structure, and above the surface of the sand filter. This 

volume must be at least 0.5% of VBMP. 

iv. Enter the thickness of the ASTM C-33 sand layer that will be provided, DS. A 

minimum thickness of 18 inches is required. 

v. Below the sand layer, a minimum 10-inch thick layer of gravel shall be 

installed with underdrains to drain the water that has been treated through 

the sand filter. The underdrains shall connect into the outlet structure. See 

Appendix B for standard underdrain construction. Enter the diameter of the 

underdrain pipe (minimum 6” dia.), and the spacing of the underdrains. The 

maximum spacing of the underdrains is 20 feet on center, however where the 

area of the bottom stage is particularly small (less than 500 square feet), the 

underdrain pipes shall be placed at no more than a 10-foot separation on 

center. 

6. Basin Outlet Design 

 

Figure 4: Basin Outlet Structure with Bottom Stage Shown 

Outlet structures for publicly maintained basins shall conform to District Standard Drawings 

WQ501 unless approved in advance by the local Engineering Authority (EA).  This 

standardization is to provide for efficient maintenance. The basin outlet should be sized to 

release the design volume, VBMP, within a 72-hour period but 50 percent of VBMP within 24 

hours. This is an iterative design process where an appropriate control orifice can be selected 

using the following steps: 

 

a. Develop a Stage vs. Discharge Curve for the Outlet Structure   
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Estimate the orifice size and outlet plate configuration (number per row, etc.). Based on 

DO provided in the Basin Footprint section, the spreadsheet will automatically generate 

the stage vs. discharge relationship for this outlet: 

Q = C*A*[2*g*(H-Ho)]0.5 

Where:   

Q = discharge (ft3/s) 

C = orifice coefficient 

A = area of the orifice (ft) 

 

g = gravitational constant (32.2 ft2/s) 

H = water surface elevation (ft) 

Ho = orifice elevation (ft) 

 

The lowest orifice shall be located with its centerline at the top of the bottom stage; at least 4 inches 

above the surface of the sand filter drain. To help avoid clogging, the minimum orifice diameter is 

limited to 3/8 inch. Since the 1/4 inch thickness of the orifice plate will be less than the orifice 

diameter, a value for C of 0.66 may be used.  If another value for C is used, justification may be 

required.  

b. Develop a Discharge/Volume vs. Stage Table for the Basin 

Based on the shape and size of the basin, develop a relationship between the stage and 

the volume of water in the basin.  Since the orifice spacing is 4 inches on center for the 

standard orifice plate, the stage intervals must also be 4 inches. Enter the basin volume at 

each interval starting at the centerline of the lowest orifice.  

c. Route the Design Volume through the Basin 

 The spreadsheet assumes that the Design Volume, VBMP, enters the basin instantaneously 

and as such, no inflow/outflow hydrograph is necessary.  The drawdown time for each 

stage becomes: 

t = Vi/Q 

 Where: 

  t = drawdown time for each stage 

  Vi = the volume at each stage 

  Q  = the flow rate corresponding to the headwater elevation at each stage. 
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 The spreadsheet automatically determines the drawdown time from the sum of the t 

values for each stage. If the orifice size and plate configuration estimate meets the 

hydraulic retention time requirements (50% of the volume empties in not less than 24 

hours, 100% of the volume empties in no more than 72 hours), the outlet is correctly sized.  

If these requirements are not met, select a new orifice size or configuration and repeat 

the process starting at Step 6a. 

7. Outlet Protection 

 To prevent the orifices from clogging, trash racks are required where perforated vertical outlet 

control plates are used. This allows for easier access to outlet orifices for inspection and 

cleaning.  Trash racks shall be sized to prevent clogging of the primary water quality outlet 

without restricting the hydraulic 

capacity of the outlet control orifices. 

The orifice plate shall be protected with 

a trash rack conforming to Standard 

Drawing WQ501 (at end of this section) 

with at least six square feet of open 

surface area or 25 times the total orifice 

area, whichever is greater.  The rack shall 

be adequately secured to prevent it from 

being removed or opened when 

maintenance is not occurring. 

 

 

 

 

 

 

 

  

Overflow Structure Similar to Standard Drawing 
Number WQ 501 
(Photo courtesy of Colorado Association of 
Stormwater Floodplain Managers) 

 

 

Trash rack with screen 
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8. Overflow Outlet  

Overflow outlets for publicly maintained basins shall conform to Standard Drawing WQ501 

(at end of this section) unless approved in advance by the Engineering Authority (EA).  

9. Embankment 

Embankments shall be designed in accordance with applicable standards of Riverside County 

Flood Control District’s “Basin Guidelines” (Appendix C) or other guidelines issued by the 

Engineering Authority (EA). Where applicable, embankment designs must additionally 

conform to the requirements of the State of California Division of Safety of Dams. 

10. Spillway and Overflow Structures 

Spillway and overflow structures should be designed in accordance with applicable standards 

of the “Basin Guidelines” (Appendix C) or other guidelines issued by the Engineering 

Authority (EA).  
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3.11 Sand Filter Basin  
 

 

Description 
The Sand Filter Basin (SFB) is a basin where the 
entire invert is constructed as a stormwater 
filter, using a sand bed above an underdrain 
system.  Stormwater enters the SFB at its 
forebay where trash and sediment accumulate 
or through overland sheet flow. Overland 
sheet flow into the Sand Filter Basin is 
biofiltered through the vegetated side slopes 
or other pre-treatment. Flows pass into the 
sand filter surcharge zone and are gradually 
filtered through the underlying sand bed.  The 
underdrain gradually dewaters the sand bed 
and discharges the filtered runoff to a nearby 
channel, swale, or storm drain. 

The primary advantage of the SFB is its 
effectiveness in removing pollutants where infiltration into the underlying soil is not practical, 
and where site conditions preclude the use of a Bioretention Facility .  The primary disadvantage 
is a potential for clogging if silts and clays are allowed to flow into the SFB. In addition, this BMP’s 
performance relies heavily on its being regularly and properly maintained.  

While this BMP is not currently considered an LID BMP, when designed in accordance with this 
manual, a Sand Filter Basin is considered to be a highly effective Treatment Control BMP. 

 
Siting Considerations 
SFBs should be avoided where onsite configurations include a base flow and/or where this BMP 
would be put into operation while construction, grading or major landscaping activities are taking 
place in the tributary catchment. This BMP has a flat surface area, so it may be challenging to 
incorporate into steeply sloping terrain.  SFBs should be set away from areas that could discharge 
fine sediments into the basin such as at the bottom of a slope. See Section 1 of Riverside County 
Flood Control and Water Conservation District’s “Basin Guidelines” (Appendix C) for additional 
requirements (i.e., fencing, maintenance access, etc.) or other guidelines issued by the 
Engineering Authority (EA)1. 

                                                 
1 The Engineering Authority (EA) may choose to alter these guidelines and may have different/additional 

requirements.  These entities, along with the District, will be referred to as the EA 

Type of BMP Flow-Through Treatment 

Priority Level Priority 3 – Treatment Control BMP 

Treatment Mechanisms Filtration 

Maximum Drainage Area 25 acres 

Sand Filter (no forebay) - 

Photo courtesy of Colorado UDFCD 
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Setbacks 
The bottom of the sand filter should remain above the seasonal high groundwater level. Always 
consult your geotechnical engineer for additional site-specific recommendations.

 

Figure 1 – Plan and Profile Views of SFB Basin 
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Forebay 
A concrete forebay shall be provided to reduce sediment clogging and to reduce erosion.  The 
forebay shall have a design volume of at least 0.5% VBMP and a minimum 1 foot high concrete 
splashwall.  Full height notch-type weir(s), offset from the line of flow from the basin inlet to 
prevent short circuiting shall be used to outlet the forebay.  It is recommended that two weirs be 
used and that they be located on opposite sides of the forebay (see Figure 1).  

 
Underdrains 
Underdrain piping shall consist of a manifold (collector) pipe with perforated lateral branching. 
The lateral branching conveys the filtered water to the manifold where it is discharged into the 
outlet structure. See Appendix B for additional information. 

 
Overflow Structure 
An overflow must be provided to drain volume in excess of VBMP or to help drain the system if 
clogging were to occur. Overflows shall flow to an acceptable discharge point such as a 
downstream conveyance system. Overflows must be placed above the water quality capture 
volume and near the outlet of the system. The overflow structure shall be similar to the District’s 
Standard Drawing CB 110. 
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Recommended Maintenance 
 

Table 1 - Recommended Inspection and Maintenance Activities for SFBs 

Schedule Inspection and Maintenance Activity 

Semi-monthly including just before 
the annual storm season and 
following rainfall events. 

 Routine maintenance and inspection. 

 Remove debris and litter from the entire basin to minimize filter 
clogging and to improve aesthetics. 

 Check for obvious problems especially filter clogging and signs of 
long term ponding. Repair as needed. Address odor, insects, and 
overgrowth issues associated with stagnant or standing water in the 
basin bottom. There should be no long-term ponding water. 

 Check for erosion and sediment laden areas in the basin. Repair as 
needed. Clean forebay if needed. 

 Revegetate side slopes where needed. 

Annually. If possible, schedule these 
inspections within 72 hours after a 
significant rainfall.  

 Inspection of hydraulic and structural facilities. Examine the 
overflow outlet for clogging, the embankment and spillway 
integrity, and damage to any structural element.  

 Check side slopes and embankments for erosion, slumping and 
overgrowth.  

 Inspect the sand media at the filter drain to verify it is allowing 
acceptable infiltration. Scarify the top 3 inches by raking the filter 
drain’s sand surface annually. 

 Check the filter drain underdrains for damage or clogging.  Repair as 
needed. 

 Repair basin inlets, outlets, forebays, and energy dissipaters 
whenever damage is discovered. 

 No water should be present 72 hours after an event. No long term 
standing water should be present at all. No algae formation should 
be visible.  Correct problem as needed. 

Every 5 years or sooner depending on 
the observed drain times (no more 
than 72 hours to empty the basin). 

 Remove the top 3 inches of sand from the filter drain and backfill 
with 3 inches of new sand to return the sand layer to its original 
depth. When scarification or removal of the top 3 inches of sand is 
no longer effective, remove and replace sand filter layer.   
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Table 2 - Design and Sizing Criteria for SFBs 

Note: The information contained in this BMP Factsheet is intended to be a summary of design 
considerations and requirements.  Additional information which applies to all detention basins 
may be found in the District’s “Basin Guidelines” (Appendix C).  In addition, information herein 
may be superseded by other guidelines issued by the EA.   

 
Design Procedure 
 

1. Enter the Tributary Area, ATRIB  

2. Enter the Design Capture Volume, VBMP, determined from Section 2.1 of this Handbook  

3. SFB Geometry 

Determine the minimum sand filter area required.  The filtration bed surface shall be flat 
with the maximum depth for the reservoir design volume no greater than 5 feet*. The 
reservoir design volume does not include the volume of the sand filter.  No credit is given 
for voids in the sand layer toward the reservoir volume since the sand is part of the water 
quality filter and not a reservoir layer. The design storage volume shall equal 100 percent 
of VBMP. The minimum sand filter area (As) of the basin’s bottom shall be determined using 
the equation: 

     As = (VBMP/ dB) 

 Where: 

VBMP = Design Volume, ft3 

    dB  = proposed basin depth (5 feet maximum), ft 

 Once the basin side slopes, proposed basin depth and depth of freeboard are entered, 
the spreadsheet will calculate the minimum total depth required to use this BMP.  This is 
the depth from the top of the basin (including freeboard) down to the bottom of the 
underdrain gravel layer.  This depth can be used to determine if enough vertical 
separation is available between the BMP and its outlet destination. 

  

Design Parameter Extended Detention Basin 

Maximum tributary area 25 acres 2 

Basin design volume 100% of VBMP
 

Maximum basin depth 5 feet 

Forebay volume  0.5 % of VBMP  

Longitudinal Slope  0% 

Transverse Slope (min.) 0% 

Outlet erosion control Energy dissipaters to reduce velocities1 
1. Ventura County’s Technical Guidance Manual for Stormwater Quality Control Measures 
2. CA Stormwater BMP Handbook for New Development and Significant Redevelopment 
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*Note: The 5 foot maximum depth equates to a minimum filter media infiltration rate of 
0.83 inches per hour with a 72 hour drawdown time. Studies have shown that while 
initially most filter media will infiltrate at a much higher rate, it is not uncommon for that 
rate to decrease significantly over a very short period of time.  (Urbonas, 1996) 
 

4. Enter the proposed surface area of the basin. 
 

5. Forebay  
 

Provide a concrete forebay.  Its volume shall be at least 0.5% VBMP with a minimum 1 foot 
high concrete splashwall.  Full-height notch-type weir(s) shall be used to outlet the 
forebay.  The weir(s) must be offset 
from the line of flow from the basin 
inlet. It is recommended that two weirs 
be used and that they be located on 
opposite sides of the forebay (see 
Figure 1). Notches shall not be less than 
1.5 inches in width. 

6. Filter Media 

Provide, as a minimum, an 18-inch 
layer of filter media (ASTM C-33 sand). 
Other filter media may be considered 
with sufficient supporting documentation.  Where a medium level of removal efficiency 
is desired for nutrients, the depth of the sand layer must be increased to 36 inches.  

5. Underdrains 

Underdrains shall be provided per the guidelines outlined in Appendix B.  

Figure 1 
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3.12 Harvest and Use BMPs 
 

 

Description 
Harvest and use BMPs include both above-ground and underground cisterns / vaults. Such BMPs 
collect and temporarily store runoff for later non-potable uses including the following: 

 Irrigation 

 Toilet flushing 

 Other non-potable uses, such as industrial processes 
 
Above-ground cisterns collect and temporarily store runoff from rooftops or other above-ground 
impervious surfaces. Underground cisterns include subsurface tanks, vaults and oversized pipes 
that temporarily store runoff for later use.  These systems can include pipes that divert runoff to 
the cistern, an overflow system for when the cistern is full, a pump, and a distribution system to 
supply the intended uses.  
 

Siting Considerations 
 The primary feasibility consideration for harvest and use BMPs is the presence of a 

consistent and reliable demand that is sufficient to drain the BMPs between storms. 
When designing harvest and use systems for stormwater management, a reliable method 
of quickly regenerating storage capacity (through the use of the captured stormwater) 
must exist to ensure that there will be adequate storage capacity for subsequent storms 
in the wet season.  

 Other feasibility considerations include potential conflicts with health and plumbing 
codes. Applicable health codes focus mainly on the potential impacts of long-term 
standing water in the BMP facility. 

 For above-ground cisterns, the facilities should be installed on a level surface, either on 
consolidated and stable native soil, or on a concrete pad. A geotechnical analysis is 
required to ensure stability. 

 For underground detention facilities, pretreatment must be provided where necessary or 
as directed by the Engineering Authority, to prevent accumulation of sediments within 
the BMP. These facilities should be installed on consolidated and stable native soil. A 
geotechnical analysis is required to ensure stability.  
 
 

 
  

Type of BMP Site Design – Harvest and Use 

Treatment Mechanisms Volume Reduction 

Infiltration Rate Range Any infiltration rate, when applicable and feasible 

Maximum Drainage Area This BMP is generally limited by the cistern / detention storage 
volume 
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Key Design Elements 
 All cisterns must: 

o Have provisions for mosquito prevention and abatement.  
o Have mechanisms to keep debris and animals from entering the cistern, and have 

a mechanism to easily clean any/all screens. 
o Have provisions for safe overflow of runoff when the cistern is full. Overflow shall 

be directed to an appropriate area as approved by the Engineering Authority. 
Dispersion within vegetated areas is preferred.  

o Have adequate access to maintain and/or replace the cistern and all associated 
equipment such as pumps.  For underground cisterns / vaults, this includes access 
adequate to remove any/all accumulated sediment.  

o Be designed in a manner that allows for supplemental potable water to be used 
when there is insufficient harvested water to fully meet required demands. 

o Include measures acceptable to the local water supplier to prevent harvested 
storm water from being introduced into the potable water supply. 

 
See the following figures for examples of common elements of above-ground and underground 
cisterns. The proposed design elements and configurations must be approved by the 
Engineering Authority. 
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Figure 1 – Common Design Elements of Underground Cistern 
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Figure 2 – Common Design Elements of Above-ground Cistern 

Graphic courtesy of BRAE      
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Design and Sizing Criteria  
1. Assess whether there is sufficient and reliable (year-round) demand for non-potable use 

of the runoff from the area tributary to the BMP.  Consider seasonal variations in demand 
for harvested water, such as irrigation needs during the wet season, periodic facility 
closures (such as for schools), etc. Verify with the Engineering Authority (EA) and the 
Santa Margarita Region (SMR) Water Quality Management Plan (WQMP) for applicability 
requirements / restrictions for this BMP. The following potential on-site uses for 
harvested rainwater are typically assessed: 
 

a. Irrigation use 
b. Toilet use 
c. Other non-potable uses (i.e. industrial use) 

 
2. If there is a sufficient on-site demand for harvested rainwater acceptable to the 

Engineering Authority, determine the Design Capture Volume, VBMP, determined from 
Section 2.1 of this Handbook. 
 

3. Size the cistern to hold and allow for the use of the Design Capture Volume, in accordance 
with any manufacturer specifications. 

 

Inspection and Maintenance Schedule 
 

Schedule Activity 

Annually before 
the wet season 

 Check for debris and sediment on screens and overflow facilities and 
remove where observed. 

 Verify proper operation of all pumps.  

 Check integrity of downspout connections to harvest and use BMPs 

 Check locking mechanisms on facility entry covers 

 Check integrity of mosquito screens 

After storm 
events 

 Check for long-term standing water in the facility. If standing water is 
observed more than 72 hours after the last storm event, monitor water 
levels, and verify that the water is being drawn down through the 
intended use of the water. If water is not properly being drawn down 
ensure that all pumps distribution systems are functioning correctly. 
Under no circumstances shall water retained within a cistern be 
pumped or otherwise drained in a manner that could allow a discharge 
to a street or storm drain.  

 Remove debris and sediment from screens and overflow facilities 
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APPENDIX B 

Underdrains 
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APPENDIX C 

Basin Guidelines 
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APPENDIX D 

BMP Pollutant Removal Effectiveness 
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APPENDIX E 

Worksheets for calculating VBMP and QBMP 

 




