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1 INTRODUCTION 

1.1 PURPOSE AND ORGANIZATION OF THE LID HANDBOOK 
The goal of the County of San Diego (the County) Low Impact Development (LID) Program is to protect 
water quality by preserving and mimicking natural hydrologic functions through the use of stormwater 
planning and management techniques on a project site. The purpose of the Low Impact Development 
Handbook (LID Handbook) is to provide a comprehensive list of LID planning and stormwater 
management techniques for developers, builders, contractors, planners, landscape architects, engineers, 
and government employees as guidance to reference before developing a project site. The LID Handbook 
has been developed for the County under the guidance of the LID Technical Advisory Committee. Local 
municipal guidelines should be followed, if available, and the LID Handbook should be referenced after 
municipal compliance. 

Examples of LID engineering solutions include infiltration and filtration of runoff in landscaped 
bioretention areas, permeable surfaces and soils, evapotranspiration by vegetation, biodegradation of 
pollutants by soil bacteria, and infiltration for groundwater recharge. Conventional development and 
storm drain system design typically inhibit natural hydrologic functions by creating large impermeable 
surfaces that prevent infiltration and groundwater recharge, increase runoff, and discharge polluted runoff 
off-site and eventually into streams, rivers, lakes, lagoons, bays, and ultimately the Pacific Ocean (Mount 
1995). In addition to providing water quality benefits, LID practices reduce a fraction of runoff from 
developed areas and can assist with water conservation. 

The LID Handbook is intended to complement the current County of San Diego Standard Urban 
Stormwater Mitigation Plan Requirements for Development Applications (Standard Urban Stormwater 
Mitigation Plan, or SUSMP) (County of San Diego 2012); San Diego County’s Hydrology Manual 
(Hydrology Manual) (County of San Diego Department of Public Works 2003); and the Water Efficient 
Landscape Design Manual (Landscape Design Manual) (County of San Diego Department of Planning 
and Land Use 2010). Local design engineers, architects, landscape professionals, and contractors should 
use the current versions of the SUSMP and Landscape Design Manual for specific information related to 
the performance, design, operation, inspection, and maintenance of structural treatment controls and LID 
practices such as vegetated swales, bioretention basins, and permeable pavement. The LID Handbook 
provides guidance for new development and redevelopment to incorporate these practices and other 
techniques that reduce runoff, increase groundwater recharge, and improve water quality. 

The County of San Diego SUSMP should be the first guidance document referenced during the 
development planning process. Once the SUSMP has been referenced, the LID Handbook is then 
intended to serve as a guide for LID implementation. This includes new development or redevelopment 
(net addition of more than 5,000 square feet of impervious surface, more than 1 acre of land disturbance, 
or both) of residential, commercial, industrial, civic (e.g., parks and churches), or public works projects. 
The LID Handbook should be used to reference LID planning policies and procedures, as well as general 
site designs for reducing stormwater quality impacts from new development and redevelopment projects. 
Once a conceptual LID site plan is developed, stormwater treatment, storm drainage, and flood control 
facilities should be designed on the basis of the design criteria presented in the current version of the 
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SUSMP (County of San Diego 2012). During the construction phase, best management practices (BMPs) 
should be employed to comply with the current San Diego County Watershed Protection, Stormwater 
Management, and Discharge Control Ordinance (WPO) (County of San Diego 2010a). 

The LID Handbook is organized as follows, and is intended to be used by practitioners with varying 
levels of experience (Figure 1-1). 

LID Handbook Organization 
Section 1 Introduction provides LID background, benefits and goals, and an overview of 

stormwater regulations and management. 

Section 2 Site Planning Practices contains LID planning practices, including land use 
planning, site assessment, retrofit considerations, and site design examples. 

Section 3 Integrated Management Practices provides a brief discussion of LID integrated 
management practices (IMPs or on-site LID techniques). 

Section 4 Implementation Considerations includes construction sequencing and critical steps 
for ensuring proper construction; guidance for conducting inspections during and 
after construction; guidance for maintenance and monitoring; and guidance for 
implementing demonstration projects. 

Appendix A Integrated Management Practice Design Guidance presents detailed design 
guidance, including cost estimates for implementation and operation and 
maintenance (O&M) over the life of the IMP. 

Appendix B Integrated Management Practice Design Templates includes standard design 
templates and design spreadsheets. 

Appendix C Fact Sheets contain educational materials detailing the basic design components 
and multiple benefits of LID practices. 

Appendix D Inspection and Maintenance Checklist consists of adaptable templates for IMP 
maintenance personnel. 

Appendix E Plant Palette describes locally appropriate plants to use when implementing IMPs. 

Appendix F Geotechnical Considerations describes details regarding geotechnical 
investigations and reporting for LID IMPs. 

Appendix G Example Bioretention Soil Media Specifications provides details on bioretention 
soil mixture and testing to achieve regulatory compliance and provide water quality 
treatment. 
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Figure 1-1. Document organization and intended audience. 

1.2 OVERVIEW OF LOW IMPACT DEVELOPMENT 
LID is an innovative stormwater management approach with the 
basic principle that is modeled after nature: manage rainfall runoff 
at the source using uniformly distributed decentralized micro-scale 
controls. LID is “a stormwater management and land development 
strategy that emphasizes conservation and the use of on-site natural 
features integrated with engineered, small-scale hydrologic controls 
to more closely reflect pre-development hydrologic functions” (San 
Diego RWQCB 2013). This can be accomplished by creating site 
design features that direct runoff to vegetated areas containing 
permeable or amended soils, protect native vegetation and open 
space, and reduce the amount of hard surfaces and compaction of 
soil. LID practices are based on the premise that stormwater 
management should not be seen as merely stormwater disposal. 
Rather than conveying the runoff from small frequent storm events 
directly into underground pipes and drainage systems for discharge 
off-site, LID integrated management practices (IMPs) dissipate and 
infiltrate stormwater runoff with landscape features and, where 
practical, permeable surfaces located on-site, thereby reducing runoff volumes and filtering runoff before 
it leaves the site. Most forms of development can incorporate LID design techniques and practices. 

Goals of LID 

• Protect water quality 

• Reduce runoff 

• Reduce impervious 
surfaces 

• Encourage open space 

• Protect significant 
vegetation 

• Reduce land disturbance 
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1.2.1 CHALLENGES AND LIMITATIONS OF LID PRACTICES 
Not all sites can effectively use all LID techniques. Soil 
permeability, existing soil contamination, slope, and water 
table characteristics might limit the potential for local 
infiltration. Urban areas planned for multi-family and 
mixed-use development or high-rise construction and 
locations with existing high contaminant levels in the soil 
might be severely limited or precluded from using LID 
infiltration techniques on-site. A more community-level 
approach to LID, rather than a site-by-site approach, might 
be warranted. Other noninfiltration LID techniques such as 
street trees, permeable pavements with an underdrain, 
raised sidewalks, rainwater harvesting with appropriately 
designed barrels or cisterns, and vegetated 
roofs/modules/walls are still an option for projects in the 
urban setting; however, these techniques must be carefully 
integrated into projects with thorough consideration of 
engineering and geotechnical limitations. 

1.2.2 LID AND STORMWATER 
MANAGEMENT PLANNING 

Consideration of the strategies outlined in Figure 1-2 
during the planning phase of a stormwater management 
scheme helps guide the decision-making process when 
selecting and designing BMPs to manage stormwater. The 
construction activities involved in translating a design concept for a stormwater management scheme into 
on-the-ground solutions will vary depending on what BMPs are included. 

Strategies fall under the two broad categories of: Planning Practices; and IMPs. Common LID planning 
practices include site design planning based on natural land contours and decreasing the impervious 
surface. These methods include the following: 

• Reducing impervious surfaces 

• Disconnecting impervious areas 

• Conserving natural resources 

• Using cluster/consolidated development 

• Using xeriscaping and water conservation practices 

Benefits of LID 

• Protects surface and 
groundwater resources 

• Reduces nonpoint source 
pollution 

• Reduces habitat degradation 

• Applicable to greenfields, 
brownfields, and urban 
developments 

• Groundwater recharge 

• Meets total maximum daily load 
(TMDL) and other stormwater 
requirements 

• Ancillary benefits, including 
aesthetics, quality-of-life, air 
quality, water conservation, and 
property values 

Source: Coffman 2002 
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Figure 1-2. LID planning and implementation. 

The basic LID strategy for handling runoff is to reduce the volume and decentralize flows. This is usually 
best accomplished by creating a series of smaller retention or detention areas that allow localized 
filtration instead of carrying runoff to a remote collection area for treatment (Lloyd et al. 2002). These are 
known as structural LID IMPs and may qualify as a treatment control BMP if it is properly sized. 

Table 1-1 presents the common structural IMPs, along with their ability to improve water quality, address 
hydromodification, or both. 
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Table 1-1. Runoff management functions provided by the structural LID IMPs 

Structural IMP 
Model SUSMP  

water quality control 
Model SUSMP  

hydromodification control 

Bioretention and bioretention swales   

Permeable pavement 1  

Rock infiltration swales   

Flow-through planter   

Vegetated (green) roof systems 2  

Sand filters   

Rainwater harvesting and reuse systems -- 3  

Vegetated swales Recommended for pretreatment, conveyance 

Vegetated filter strips/buffers Recommended for pretreatment, conveyance 
1 Considered a self-treating or self-retaining area by model Standard Urban Stormwater Mitigation Plan (SUSMP) 
2 Runoff from vegetated roofs requires no further water quality treatment 
3 Can be used for water quality control when combined with infiltration or filtration IMP 

1.2.3 LID AND THE WATER CONSERVATION IN LANDSCAPING ACT 
The County updated landscaping ordinance complies with the 2006 State of California Water 
Conservation in Landscaping Act, Government Code 65991 and 65595 (County of San Diego 2010b). 
This ordinance replaces the previous County Zoning Ordinance to instate more comprehensive, effective 
water conservation methods for landscaping by requiring water budgets, promoting installation and 
maintenance of efficient irrigation systems and plant selection, and reducing excess water from over-
irrigation (County of San Diego 2010b).These design requirements will support landscapes that are 
essential to the quality of life in San Diego County as well as reduce the use of limited water supplies for 
irrigation and landscaping. The requirements will also be compatible with a variety of other landscaping 
objectives, including erosion control, brush management, and invasive plant species control, as well as 
filtering, treating, and using stormwater runoff in landscaped areas. Landscape design, installation, 
maintenance, and management can and should be water efficient (County of San Diego 2010c). The right 
to use water is limited to the amount reasonably required for the beneficial use to be served and the right 
does not and must not extend to waste or unreasonable methods of use. 

1.3 STORMWATER MANAGEMENT 
1.3.1 STATE AND FEDERAL STORMWATER REGULATIONS 
The California Regional Water Quality Control Board (RWQCB), a division of the State of California 
Environmental Protection Agency, requires all local jurisdictions to implement a stormwater program to 
address stormwater concerns. The RWQCB issued the region’s first Municipal Stormwater Permit, or 
National Pollutant Discharge Elimination System (NPDES) permit, in 1990 (Order No. 90-42) and 
renewed the permit in 2001 (Order No. 2001-01), 2007 (Order No. 2007-0001), and 2013 (Order No. 
2013-0001). The Municipal Stormwater Permits allow San Diego County jurisdictions to discharge 
stormwater runoff via storm drains into natural water bodies, contingent on meeting programmatic, 
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monitoring, and regulatory criteria. Permit requirements mandate that the jurisdictions regulate 
development and existing establishments to comply with stormwater requirements. 

The permit is a product of the federal Clean Water Act. Congress passed the Clean Water Act in 1972, 
and it was extended to include stormwater concerns in 1990; thus making it illegal to release pollutants 
above certain concentrations and loads into waterways. The RWQCB is responsible for ensuring that 
federal and state water regulations are implemented at the local level. 

The RWQCB adopted a revised Municipal Stormwater Permit (Order No. R9-2013-0001) on May 8, 
2013. The revised permit intends to further reduce the pollution conveyed by storm drains into local 
waterways by requiring additional stormwater improvements. The permit requires that San Diego 
jurisdictions require all developments, regardless of project type or size, to incorporate BMPs including 
LID techniques. The LID Handbook will serve as the guidance structure for these LID techniques. 
Additional detailed information about stormwater requirements can be found on the RWQCB Region 9 
website at http://www.waterboards.ca.gov/rwqcb9/water_issues/programs/stormwater/. 

1.3.2 STORMWATER MANAGEMENT PLANS AND IMPS 
To meet the goals of the NPDES permit renewed in 2001, the County established the Watershed 
Protection, Stormwater Management, and Discharge Control Ordinance (WPO) (County of San Diego 
2010a). The WPO defines the requirements that are legally enforceable by the County. The County also 
established Standard Urban Stormwater Mitigation Plan (SUSMP) Requirements for Development 
Applications (County of San Diego 2012). The County SUSMP will be replaced with the BMP Design 
Manual in 2015. The SUSMP addresses land development and capital improvement projects. It focuses 
on project design requirements and related post-construction requirements, but not on the construction 
process itself. The SUSMP also addresses the WPO requirements. 

To comply with the Clean Water Act, the state Water Code, and the above-mentioned WPO, San Diego 
County requires that property owners complete a Stormwater Management Plan (SWMP) before issuing 
any permit. The purpose of a SWMP is to document BMPs that will be implemented, upon final 
completion of the project, to prevent pollutants from entering stormwater conveyances and receiving 
waters. Priority development projects shall complete a Major SWMP. Priority development projects are 
required to have treatment control BMPs. When properly sized, IMPs can fulfill the treatment control 
BMP requirement. 

Projects that do not meet the priority development project criteria are considered nonpriority projects. As 
such, these projects need only to complete a Minor SWMP. All projects east of the Pacific/Salton Divide 
should complete a Minor SWMP. Projects east of the Pacific/Salton Divide should comply with post-
construction requirements in the state’s construction general permit. 

1.4 LID CONSIDERATIONS IN SAN DIEGO 
San Diego County is between Orange and Riverside counties on the north, the U.S./Mexico International 
Border on the south, Imperial County on the east, and the Pacific Ocean on the west. San Diego County is 
incredibly diverse. With approximately 4,260 square miles of land (SANDAG 2004), the County includes 
a large variety of geologic and topographic conditions, land uses, and climate types, all of which 

http://www.waterboards.ca.gov/rwqcb9/water_issues/programs/stormwater/
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influence stormwater runoff planning strategies. Key physical factors in San Diego County that affect the 
function, design, and performance of LID measures include climate (precipitation, temperature, 
evapotranspiration); geology (slopes and soils); hydrology (rain distribution and runoff); groundwater; 
surface water quality objectives; and land use planning and constraints. 

1.4.1 CLIMATE 
One of the key physical factors in San Diego that can affect the function, design, and performance of LID 
measures is climate (precipitation, temperature, evapotranspiration). San Diego County has a mild, 
equable climate characterized by warm, dry summers and mild winters. The climate can vary 
considerably, however, between the coastal, mountain, and desert areas (Figure 1-3). Figure 1-4 shows 
major rivers and other water bodies, as well as the divide that separates the western (South Coast Basin) 
and eastern (Colorado River Basin) watersheds. This divide follows the mountain ridgeline with 
elevations that vary from 3,000 to 5,000 feet above sea level. Precipitation that falls east of the divide 
flows to the Salton Sea Basin, while runoff from precipitation west of the divide flows down the western 
slope to the Pacific Ocean. RWQCB has designated the western side of the divide as Region 9, and it is 
regulated by the Municipal Stormwater Permit (Order No. R9-2013-0001). 

 

Figure 1-3. San Diego County topographic features affecting climate. 
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Figure 1-4. Major rivers and creeks in San Diego.

1.4.1.1 PRECIPITATION

Rainfall across San Diego County is variable, with most rain falling from November to April. The

average rainfall is highest in the mountains and lowest along the coast and in the desert. Most of the

County experiences light rainfall, although some of the central mountain areas receive more than 30

inches per year. Annual precipitation along the coast averages 10 inches. The amount increases with

elevation as moist air is lifted over the mountains. Some reporting points in the Cuyamaca and Vulcan

Mountains measure more than 35 inches per year, with areas on Mt. Palomar receiving up to 45 inches.

Totals diminish rapidly with decreasing elevation on the eastern slopes of the mountains, with some

desert stations reporting as low as 2.5 inches per season. The map below (Figure 1-5) presents the average

annual precipitation across San Diego County. Table 1-2 summarizes the average monthly distribution of

rainfall across the year within San Diego County.
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Figure 1-5. Average annual precipitation. 
 

Table 1-2. Average monthly rainfall in San Diego County (inches) 

Location 
Monthly 

Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Alpine 3.03 3.60 3.14 1.24 0.36 0.15 0.23 0.15 0.27 0.74 1.75 2.11 16.77 

Borrego Desert 
Park 

1.14 1.32 0.84 0.17 0.05 0.02 0.30 0.44 0.31 0.24 0.39 0.91 6.13 

Boulevard 2.93 3.37 3.22 1.01 0.29 0.10 0.41 0.60 0.21 0.95 1.26 2.67 17.02 

Camp 
Pendleton 

2.86 2.94 2.46 1.03 0.28 0.10 0.10 0.10 0.23 0.66 1.24 2.11 14.11 

Campo 2.98 3.23 2.69 0.96 0.18 0.11 0.32 0.70 0.34 0.82 1.13 2.27 15.73 

Carlsbad Airport 2.51 2.44 1.68 1.02 0.18 0.11 0.10 0.09 0.25 0.63 1.12 1.71 11.84 

Chula Vista 1.94 2.30 1.69 0.69 0.09 0.07 0.03 0.01 0.14 0.53 0.91 1.43 9.83 

Cuyamaca 5.54 6.52 5.77 2.67 0.71 0.20 0.41 0.82 0.74 1.88 3.26 4.89 33.41 

Descanso 
Ranger Station 

4.50 4.94 4.00 1.98 0.57 0.16 0.32 0.59 0.48 1.16 2.00 3.03 23.73 

El Cajon 2.25 2.58 2.35 0.84 0.13 0.07 0.14 0.02 0.15 0.61 1.36 1.81 12.31 

El Capitan Dam 2.90 3.54 3.26 1.27 0.30 0.08 0.07 0.05 0.19 0.86 1.44 2.42 16.38 

Escondido 3.03 3.41 2.65 1.15 0.25 0.12 0.08 0.08 0.21 0.71 1.17 2.14 15.00 

Henshaw Dam 5.42 5.64 4.63 1.86 0.45 0.14 0.28 0.48 0.55 1.09 2.21 3.94 26.69 
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Location 
Monthly 

Annual Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Imperial Beach 1.79 2.04 1.86 0.80 0.21 0.08 0.07 0.04 0.20 0.65 1.14 1.63 10.51 

Julian 3.90 4.78 4.28 1.82 0.29 0.12 0.27 0.37 0.46 1.02 2.32 3.29 22.92 

La Mesa 2.40 2.41 2.41 0.92 0.15 0.08 0.04 0.03 0.21 0.69 1.45 1.89 12.68 

Lakeside 2.73 3.39 2.93 1.18 0.25 0.10 0.09 0.05 0.22 0.81 1.52 2.28 15.55 

Oceanside 2.65 3.07 2.21 0.97 0.26 0.11 0.12 0.15 0.24 0.70 1.03 2.15 13.66 

Ocotillo Wells 0.61 0.93 0.67 0.18 0.12 0.06 0.24 1.14 0.34 0.25 0.25 0.52 5.31 

Palomar 
Mountain 

5.88 6.61 4.75 1.91 0.55 0.17 0.37 0.77 0.51 1.23 2.48 4.97 30.20 

Poway 2.69 3.02 2.41 0.97 0.26 0.10 0.03 0.09 0.20 0.57 1.28 1.93 13.55 

Ramona Airport 3.32 3.11 3.08 1.40 0.30 0.12 0.13 0.15 0.29 0.72 1.19 2.23 16.04 

San Diego 
Airport 

1.98 2.27 1.81 0.78 0.12 0.07 0.03 0.02 0.15 0.57 1.01 1.53 10.34 

San Pasqual 2.65 3.13 2.44 1.05 0.25 0.09 0.08 0.05 0.20 0.65 1.34 2.09 14.02 

Vista 2.67 2.98 2.20 0.99 0.19 0.10 0.06 0.05 0.22 0.63 1.25 1.80 13.14 

Note: 30-year normal precipitation for the period 1981–2010.  
Source: NCDC 2013. 
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1.4.1.2 TEMPERATURE

Moderate temperatures are found year-round near the coast, while the interior part of the County has

generally warm summers and cool winters. The average annual temperature is in the low 60s (Fahrenheit)

on the coastal plain and in the coastal valleys it drops into the mid-50s at higher elevations in the

mountains, and increases to values over 70 degrees in the desert areas at the eastern edge of the County.

During the winter the mean minimum temperature drops to the mid-40s along the immediate coast, below

30 degrees in the mountains, and is in the mid-30s over the desert. July maximum temperatures average in

the 70s along the coast, increasing to around 90 degrees in the foothills, and can exceed 100 degrees in

the desert area. Table 1-3 summarizes the average monthly distribution of temperature in San Diego

County.

Table 1-3. Average monthly temperature in San Diego County (°F)

Location

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Alpine 54.1 54.2 55.9 59.2 63.2 68.4 74.3 75.7 73.3 66.5 59.2 53.5

Borrego Desert Park 56.2 58.5 63.5 68.9 76.7 84.8 90.8 90.3 84.8 74.4 63.2 55.3

Camp Pendleton 54.3 54.9 56.7 59.2 62.9 66.2 70.6 71.1 69.9 64.9 58.8 53.5

Campo 48.5 49.5 51.6 55.1 60.7 66.2 72.8 73.7 69.1 60.7 53.0 47.7

Carlsbad Airport 55.4 55.8 56.9 59.1 62.0 64.8 68.2 69.9 68.6 65.2 59.7 55.2

Chula Vista 57.2 57.8 59.2 61.2 63.8 66.3 70.2 71.7 70.6 66.8 61.0 56.4

Cuyamaca 40.2 41.0 44.1 48.0 54.5 62.0 69.5 69.2 63.6 53.9 45.6 39.8

El Cajon 55.8 57.0 59.7 62.9 66.7 70.5 75.2 76.6 74.6 68.3 60.7 55.0

El Capitan Dam 55.3 56.3 57.9 61.7 65.7 70.7 75.7 76.0 74.6 68.7 60.7 55.7

Escondido 56.0 56.8 59.1 62.7 66.3 70.3 74.9 76.2 74.0 68.0 60.9 55.1

Henshaw Dam 44.6 45.8 48.7 52.2 58.3 64.5 71.5 72.3 67.0 58.0 49.5 43.6

Imperial Beach 56.4 57.6 59.0 60.7 63.2 65.8 68.4 70.0 68.9 64.4 59.4 56.7

Julian 44.9 45.7 47.4 52.2 58.1 65.6 73.1 72.6 67.9 59.8 51.1 44.1

La Mesa 57.9 58.4 60.1 63.2 65.9 69.4 73.7 75.3 74.1 68.4 62.2 57.4

Mount Laguna 41.2 41.2 45.6 51.1 58.2 65.0 71.1 70.2 65.2 55.4 47.6 41.2

Oceanside 53.0 54.2 55.7 58.6 61.8 65.3 68.6 69.4 67.8 62.9 56.9 52.6

Ocotillo Wells 58.8 61.5 67.5 73.6 81.3 88.6 95.3 93.8 89.0 78.7 65.5 57.3

Palomar Mountain 42.9 42.6 46.4 50.8 58.5 67.1 73.5 73.2 68.1 58.4 49.0 42.7

Ramona Airport 50.2 51.0 52.9 55.9 61.5 67.0 72.1 74.0 70.5 63.4 55.5 49.6

San Diego Airport 57.1 57.9 59.4 61.7 64 66.4 70.0 71.6 70.6 66.7 61.3 56.5

San Pasqual 55.5 56.8 58.8 61.9 66.1 70.1 74.8 75.9 73.7 67.6 60.1 54.7

Vista 56.0 56.2 57.6 60.4 63.6 66.8 71.0 72.3 71.1 66.3 60.4 55.4

Note: 30-year normal air temperature for the period 1981–2010.
Source: NCDC 2013
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1.4.1.3 EVAPOTRANSPIRATION 
The term evapotranspiration refers to the total transfer of moisture to the atmosphere from the soil, water 
bodies, vegetation canopy (evaporation), and plants (transpiration). Evapotranspiration can represent a 
significant water loss from a watershed. Types of vegetation and land use significantly affect 
evapotranspiration and, therefore, the amount of water leaving a watershed. Factors that affect 
evapotranspiration include the plant type (root structure and depth), the plant's growth stage or level of 
maturity, percentage of soil cover, solar radiation, humidity, temperature, and wind. 

Monthly reference evapotranspiration, which is a measure of potential evapotranspiration from a known 
surface, such as grass or alfalfa, has been estimated for San Diego County by the California Irrigation 
Management Information System (CIMIS) and is represented in Figure 1-6. 

 

Source: CIMIS 1999 

Figure 1-6. Reference evapotranspiration (ET) for San Diego County (inches/year). 
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1.4.2 GEOLOGY AND SOILS 
San Diego County can be divided into three distinct geomorphic provinces: (1) the Coastal Plain, (2) the 
Peninsular Range, and (3) the Salton Trough. The Coastal Plain is largely covered in sedimentary 
formational units. The Peninsular Range generally consists of granitic and other hard rock. The Salton 
Trough represents a relatively small, remote portion of the County, and has a limited extent of pervious 
sandy deposits. Unlike many other areas of California, San Diego County has relatively little in the way 
of pervious soils, such as alluvium-filled valleys and dune deposits. Thus, stormwater infiltration devices 
(lacking underdrains) might not be appropriate for many portions of the County. 

A qualified engineer practicing geotechnical services shall review the proposed stormwater infiltration 
IMPs, including permeable pavements, to provide a professional opinion regarding the potential adverse 
geotechnical conditions that the implementation of these practices created. Geotechnical conditions such 
as slope stability, expansive soils, compressible soils, seepage, groundwater, and loss of foundation or 
pavement subgrade strength should be addressed. Where appropriate, mitigation recommendations should 
be provided. The review should include the impact on existing and proposed improvements. Appendix F 
provides further details for proper geotechnical investigations. The U.S. Department of Agriculture 
Natural Resources Conservation Service (NRCS), formerly the Soil Conservation Service, conducted a 
soil survey of the San Diego area in the early 1970s. The NRCS has classified San Diego area soils with 
respect to: (1) their ability to accept and absorb water, (2) their tendency to produce runoff, and (3) their 
erodibility (Bowman 1973). See the Caltrans Infiltration Study (Caltrans 2003) for more information on 
infiltration site selection. 

While the majority of the County has soils that present significant limitations to infiltration potential, a 
few exceptions are noted. For example, the soils along the major streams of the Coastal Plain and the 
foothills have slight limitations to potential infiltration. The Lake Henshaw drainage corridor and the 
tributary drainage basin to the east, extending northwest and east along valley floors, comprise a large 
area where infiltration limitations are moderate. The valleys of the southern part of the mountain zone 
include scattered areas of soils that have slight limitations to infiltration. The desert zone includes 
extensive areas of soils that formed in alluvium and have slight limitations to infiltration. 

The soil survey classified soil runoff potential into four hydrologic soil groups labeled A through D 
(Figure 1-7). Group A and B soils exhibit the greatest infiltration rates (unless soils are compacted during 
construction) and are generally best suited to stormwater percolation. The San Diego area, however, has a 
relatively high concentration of group C and D soils, which exhibit lower percolation rates that generally 
limit the use of infiltration-based stormwater management systems. Instead, bioretention type LID 
facilities are often equipped with underdrains. Such a design provides for filtration of the water quality 
design event through an engineered soil media as well as incidental infiltration of low flows. 
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Figure 1-7. Hydrologic soil groups. 
 

The hydrologic soil groups are defined as: 

• Group A soils have a high rate of percolation and a low runoff potential. The rate of water 
transmission is high; thus, runoff potential is low. Group A soils are generally referred to as sandy 
soils. 

• Group B soils have moderate percolation rates when thoroughly wet. These are chiefly soils that 
are moderately deep to deep, moderately well-drained to well-drained, and moderately coarse 
textured. Rate of water transmission is moderate. 

• Group C soils have a slow percolation rate when thoroughly wet. They are chiefly soils that have 
a layer impeding the downward movement of water, or they are moderately fine to fine-textured 
soils that have a slow infiltration rate. The rate of water transmission is slow. 

• Group D soils have very slow percolation rates when thoroughly wet. They are clays that have a 
high shrink-swell potential, soils that have a high permanent water table, soils that have a claypan 
or clay layer at or near the surface, or soils that are shallow over nearly impervious material. The 
rate of water transmission for group D soils is very slow. 

The soil survey also evaluated erodibility. The majority of soils in the San Diego area exhibit moderate or 
severe erosion potential. 
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Data for a specific site, preliminary infiltration, runoff, and erodibility can be obtained by referring to the 
soil survey and consulting the complete national listing provided by the NRCS, or by performing an on-
site investigation. For further detailed mapping, the California Geological Survey can be referenced. 
Retaining a qualified engineer practicing geotechnical services and conducting exploratory excavations at 
the site are highly recommended. Consideration should be given to the effects of urbanization on the 
natural hydrologic soil group. If heavy equipment can be expected to compact the soil during 
construction, or if grading will mix the surface and subsurface soils, appropriate changes should be made 
in the soil group selected (County of San Diego 2003). 

1.4.3 HYDROLOGY 
Hydrology is the scientific study of the waters of the Earth and its atmosphere; their occurrence, 
circulation, distribution, chemical and physical properties; and their reaction with their environment, 
including the relation to living things. While the science of hydrology includes many aspects such as 
groundwater movement, oceanography, meteorology, and other aspects, the purpose of this section is to 
examine surface runoff. 

This section describes the type of storm runoff events occurring in San Diego County as a result of the 
region’s climate (discussed in section 1.4.1) combined with geology (discussed in section 1.4.2), 
topography, predominant soils, land use, and other factors. It also describes how these factors impact 
engineering design of stormwater conveyance features, including design of LID features. The practices 
described in this LID Handbook are designed to address surface runoff resulting from direct precipitation, 
with a goal of mimicking native field conditions as closely as possible to reduce surface runoff from 
developed areas. The LID Handbook describes LID features that can be incorporated on project sites to 
achieve this goal. Including native vegetation in landscaping is a complementary, beneficial practice to 
LID. It reduces the need for and amount of irrigation, which minimizes excess surface runoff and 
subsurface flow of irrigation water that is not representative of native field conditions. 

1.4.3.1 STORM INTENSITY 
Due to the convective winter weather pattern and relative proximity to the jet stream, San Diego County 
typically has high-intensity, short-duration storm events. Regardless of the amount of total rainfall 
delivered (measured in inches), the intensity with which it is delivered (measured in inches per hour) 
often results in flashy, high peak-flow rates of storm runoff. The design of LID features used in San 
Diego County must account for the high-intensity storms to provide for conveyance or bypass and 
appropriate erosion prevention. The engineer must assess how the design storm event that governs the 
design of stormwater conveyance systems for flood control (e.g., the 100-year storm event) will affect the 
LID features, which are typically designed for more frequent (85th percentile) storm events. The engineer 
must determine whether the 100-year storm event should bypass the LID feature, or be conveyed through 
the LID feature, accounting for proper energy dissipation, scour prevention, and capacity. It is necessary 
to provide for overflow from the LID feature and to provide bypass if safe overflow (that would not result 
in erosion, flooding, or safety concerns) is not practical or achievable. 
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1.4.3.2  LAND COVER, SLOPE, AND SOIL TYPE 
Land cover, slope, and soil type influence the ability of the watershed to capture or attenuate runoff. 
Within a development project, land cover is almost entirely determined by engineering design (site 
design). The intent of LID features is to enhance the land cover to mimic the project site’s natural ability 
to intercept, store, and route runoff in the pre-development condition. This can be achieved by a 
combination of reducing the development features that act to reduce infiltration, preserving infiltration 
areas, and preserving natural drainage routes where possible. Section 3 of the LID Handbook discusses 
seven site design and LID concepts to meet these goals. 

The design of LID features must respect hydrologic constraints presented by slopes (natural and 
engineered), soil types (natural and engineered/compacted), and the historical development of the area to 
provide a safe development. The naturally steep slopes and clayey soils that are predominant in San 
Diego County present unique challenges to achieving the goals stated above, and their hydrologic effects 
must be considered in the design of LID features. Steep slopes and clayey soils are not conducive to 
infiltration; forcing infiltration into such systems could cause slope or infrastructure failure. LID features 
that replace infiltration lost to impermeable surfaces should not exceed pre-development conditions or 
concentrate infiltration volumes that were previously dispersed throughout the site in the pre-development 
condition without considering subsurface geology and flow paths. Furthermore, knowledge of how 
tributary and downstream areas were developed in the past (e.g., whether underdrains were used in 
existing fill areas) is vital to help determine how increased infiltration could affect the project site as well 
as downgradient properties. 

The existing soil types in the majority of developable area in San Diego County typically have low 
infiltration rates (less than 0.5 inch per hour (in/hr)) due to clays. Furthermore, steep slopes in San Diego 
County present a challenge to minimizing fill, as fill is often added to maximize buildable area. To protect 
fill slopes from erosion or failure, they are designed to drain runoff safely from the land surface to an 
engineered system, which minimizes intrusion of water into the fill. Based on these factors, neither the 
natural nor the engineered/compacted soils are conducive to infiltrating excess runoff on or above steep 
slopes. Increased seepage conditions could develop from increased infiltration of surface water to the 
subsurface, potentially creating problems on properties adjacent and downgradient from infiltration 
projects. Therefore, developers must work closely with a qualified engineer practicing geotechnical 
services on the design of infiltration IMPs to evaluate the site constraints as well as the potential impacts 
to downstream property owners. 

Because of the difficulty of conveying runoff safely from fill areas and slopes, site design LID techniques 
can be used to reduce impervious areas. To maximize buildable area, developers can use techniques such 
as constructing streets, bicycle lanes, sidewalks, and parking lot aisles to the minimum width necessary; 
increasing building density (number of stories above or below ground); and minimizing the use of 
impervious surfaces, such as decorative concrete, in the landscape design. The function of natural 
absorption areas can be mimicked by maximizing canopy interception in the site landscaping, minimizing 
soil compaction, and replacing soil absorption in controlled locations where underdrain systems can be 
included to protect against increased seepage conditions. Underdrains can be used with planters, tree 
wells, biofiltration areas, and other landscaped areas with controlled drainage. 
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1.4.4 GROUNDWATER INFILTRATION 
1.4.4.1 AQUIFER CHARACTERISTICS IN SAN DIEGO COUNTY 
San Diego County has a variety of aquifer types and geologic environments that have different associated 
groundwater issues. The coastal zone is mostly supplied with imported potable water from the member 
agencies of the San Diego County Water Authority (SDCWA), partly because of the limited groundwater 
aquifer storage available in the coastal region. The remaining portion of the County (approximately 65 
percent by area) depends solely on groundwater resources. For land to the east of the SDCWA boundary 
(shown in Figure 1-3), water resources are limited to naturally occurring surface and groundwater 
resources. In this area, no imported water is, or will likely become, available in the foreseeable future 
because of a lack of infrastructure, a limited availability of water within the desert southwest, the cost of 
providing these services, and the political approval needed to extend the SDCWA boundaries. 

Groundwater resources in the County that lie east of the SDCWAs service area are limited due to the 
amount of rainfall and resulting infiltration, or groundwater recharge, as well as limited groundwater 
storage. The majority of this area is underlain by fractured rock aquifers that restrict development because 
of very limited groundwater storage. The area is underlain by relatively shallow alluvial aquifers typically 
found in river and stream valleys and intermountain valleys adjacent to and, in many cases, overlying 
fractured rock aquifers. Some of these aquifers have a relatively thin saturated thickness and, therefore, 
have limited storage. Desert basins in the extreme eastern portion of the County have relatively large 
storage capacity, but have extremely limited groundwater recharge. Because of the limited groundwater 
recharge, desert basins are particularly prone to groundwater overdraft, where groundwater extraction 
exceeds long-term groundwater recharge. High groundwater demand in Borrego Springs has resulted in 
an overdraft condition. 

1.4.4.2 HIGH GROUNDWATER CONDITIONS 
High groundwater levels can occur in areas served by municipal water systems (i.e., where the 
groundwater is not withdrawn for use as a water supply) because septic system and irrigation return flows 
contribute water imported from another hydrologic system. Parts of Valley Center, Rainbow, Ramona, 
and a few areas east of Escondido have historic records of high groundwater. These areas have recorded 
septic tank failures which have led to bacteria and nitrate contamination of groundwater. A technical 
septic system failure occurs when the water table rises to within 5 feet of the bottom of a septic system 
disposal field. A minimum 10-foot separation is required to prevent the underlying groundwater and 
nearby surface waters from being contaminated by bacteria, nitrates, and possible virus strains in the 
wastewater. Stormwater infiltration devices may not be feasible in areas with septic systems. 

In general, perennially high groundwater conditions are uncommon in the groundwater-dependent areas 
of the County east of the SDCWA line. A few exceptions include parts of Jacumba and a few other 
sporadic instances largely in alluvial aquifer environments. 

1.4.4.3 GROUNDWATER CONTAMINATION CONCERNS 
Some pollutants, such as nitrates, bacteria, total dissolved solids, petroleum products, and solvents, can 
migrate to depths that can ultimately threaten water supply wells. Illegal dumping of waste oil, pesticides, 
herbicides, paint, paint thinner, and other chemical products into any type of infiltration device presents 
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additional risk for groundwater contamination. Local water districts and other agencies generally have 
policies and strategies to protect groundwater supplies from these threats. These policies seek to balance 
the environmental benefits of infiltration with the compelling need to protect the quality of soil and 
groundwater supplies. 

1.4.4.4 GROUNDWATER INFILTRATION CONCERNS 
A U.S. Geological Survey study of a groundwater recharge basin in Fresno showed that a wide variety of 
urban runoff pollutants were removed by absorption within the top 1.5 inches of sediment in the basin, 
and that no pollutants were found in the sediment at a depth greater than 6 inches. The results showed that 
the pollutants did not travel more than 6 inches deep—typically well above the level of groundwater 
wells. In the County, a 10-foot separation is recommended between infiltration practices and the top of 
the groundwater table to allow sufficient biological activity and filtration to occur. 

With proper maintenance of stormwater management systems, pollutants infiltrating into the soil do not 
usually pose a risk of contaminated soil or groundwater. Risk is greater when pollutant sources are 
concentrated, such as in a heavy industrial site, at retail gas outlets, or in the case of illegal disposal. 

Additional information on groundwater can be found in the groundwater section of the San Diego County 
Low Impact Development Literature Index (County of San Diego 2007). 

1.4.4.5 FIRE SAFETY CONSIDERATIONS 
Although many practices are available to help reduce the impact of stormwater runoff in developed areas, 
the selected approach must account for public safety above all other factors. Fire safety demands 
accessibility to structures by fire apparatuses (trucks and other emergency vehicles) and allows residents 
to relocate in a safe manner in advance of an oncoming fire, flood, or other catastrophe. State and County 
fire codes specify how fire access roads are to be designed to provide emergency vehicle access within 
recognized operational parameters. Dead end roads must meet the California Code of Regulations Title 14 
and County fire code requirements for secondary access and emergency vehicle turnarounds. 

Vegetation management (fuel modification) must be maintained in compliance with fire codes, 
particularly adjacent to buildings and to grass-surfaced fire lanes. Landscaping restrictions limit the 
amount and type of native and ornamental vegetation within 100 feet or more of structures. Landscaping 
near specially designed roadways with grass covering must not interfere with fire apparatus access or with 
firefighter perception of vehicle accessibility. 

Any design that allows water to travel through surfaces intended for travel by emergency vehicles must 
meet accepted County of San Diego design criteria to allow all-weather safe passage by heavy fire 
equipment. Areas designed for fire engine access that appear to be lawns or meadows (e.g., turf block) 
must be clearly marked as fire lanes and have an irrevocable easement which prohibits the installation of 
anything that could obstruct or appear to obstruct its use by fire engines. Fire officials want responding 
apparatus operators to be able to recognize designated fire lanes (fire access roadways) that appear to be 
lawns, and have confidence in the area’s capability of safely supporting 50,000–75,000 pound engines 
and ladder trucks. Fire apparatuses can only use such surfaces in wet situations if the surface is virtually 
flat. Any grade makes traction and control very difficult. 
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Developments must be designed to permit testing of fire protection systems. Discharge of potable water 
from fire hydrants and sprinkler system test valves must be directed to permeable areas. 

1.4.5 STANDARD MITIGATION AND PROJECT DESIGN 
CONSIDERATIONS FOR VECTOR CONTROL 

Minimizing mosquito production potential requires that water not be standing for sufficient time to permit 
eggs to develop to adult mosquitoes. For stormwater IMPs, this can be achieved by one of three ways: (1) 
discharging all captured water within 96 hours, (2) denying mosquitoes access to standing water, or (3) 
making the habitat less suitable for mosquito breeding. The most effective design strategy to exclude 
vectors from IMPs is to design the system to ensure that water is discharged within 96 hours, thereby 
eliminating the potential vector breeding source. Bioretention facilities typically dewater the surface 
ponding layer in less than 12 hours following a rainfall event, which is much less than the 96-hour 
threshold. Rapid dewatering is one of the main advantages of bioretention compared to traditional water 
quality basins. 

The following recommendations are adapted from the document, Managing Mosquitoes in Stormwater 
Treatment Devices, prepared by the University of California (UC), Agriculture and Natural Resources, 
UC Mosquito Research Program. Managing standing water to eliminate the potential for vector breeding 
sources associated with stormwater treatment facilities must be addressed in a project’s SWMP. 

Measures to promote rapid discharge of captured water in IMPs include: 

• Selecting or designing an alternative stormwater device that provides adequate constituent 
removal and drains completely within 96 hours. Special attention to groundwater depth is 
essential to determining water residence times. 

• Incorporating features that prevent or reduce the possibility of clogged discharge orifices (e.g., 
debris screens). Using weep holes is not recommended because of the potential for rapid 
clogging. 

• Using the hydraulic grade line of the site to select a treatment IMP that allows water to flow by 
gravity through the structure. Pumps are not recommended because they are subject to failure and 
often require sumps that hold water. 

• Designing distribution piping and containment basins with adequate slopes that drain fully and 
prevent standing water. The design slope should consider the buildup of sediment between 
maintenance periods. 

• Avoiding the use of loose riprap or concrete depressions that might hold standing water. 

• Avoiding barriers, diversions, or flow spreaders that might retain standing water. 

Additional information on mosquitoes and other vectors in San Diego can be found in the vector section 
of the San Diego County Low Impact Development Literature Index. 
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1.4.6 LID TREATMENT BMP DESIGN CONSIDERATIONS 
The design criteria for sizing site design IMPs have been developed as part of the SUSMP (County of San 
Diego 2012). IMPs can also be designed as treatment or pollution control IMPs. When IMPs are designed 
to have a treatment or pollution-reduction function, the sizing of the LID storage and treatment 
components need to account for additional regulatory drivers. For example, the San Diego Region 
Municipal Stormwater Permit (Order No. R9-2007-0001 and Order No. R9-2013-0001) requires that all 
Priority development projects have treatment control BMPs (see D.d.(1) of the Permit) and all treatment 
control BMPs meet the following design criteria: 

• Volume-based BMPs – 24-hour, 85th percentile storm event. 

• Flow-based BMPs – Maximum flow rate generated by a rainfall intensity of 0.2 inch per hour 
rainfall or maximum flow rate from 85th percentile hourly rainfall intensity. 

The Permit allows for IMPs that are correctly designed to effectively infiltrate, filter, or treat runoff to be 
considered as treatment control IMPs. LID treatment/pollution control IMPs implemented in jurisdictions 
that need to consider additional pollution reduction goals as part of a TMDL program might also include 
design approaches that consider design storms based on pollutograph data and specific pollutant 
reduction goals of the watershed. These design approaches will depend on the specific watershed and 
jurisdictional regulatory drivers. 

Applying these regulatory-driven approaches to the BMP design also needs to consider the specific site 
conditions as listed below. Sites with a greater number of constraints to increased infiltration and storage 
requirements will require additional engineered system components. For example, sites with low 
permeability soils will require additional storage above the sub-soils (where appropriate). Applying LID 
treatment control BMPs to sites that are characterized as least favorable for infiltration BMPs might not 
be suitable from a cost-benefit perspective when compared to other BMPs. Table 1-4 presents a possible 
range of site types from most (Site A) to least favorable (Site C) based on site conditions. Possible 
engineering solutions are listed in Table 1-4 to address site constraints. The design approach to LID 
treatment IMPs needs to consider possible engineering solutions; however, a cost-benefit analysis should 
be performed to compare with other possible IMPs that could help address water quality goals. 

Table 1-4. Possible engineering solutions to address constraints at three hypothetical sites from the 
most favorable conditions (Site A) to the least favorable (Site C) 

Site constraints Site A Site B Site C Possible engineering solutions 

Low permeability soils    Increase storage by increasing depth and porosity of sub-base 
layers and amending sub-soils (or line and drain) 

Shallow groundwater    Evaluate potential mounding and migration of constituents to 
verify IMP will not impact groundwater 

Adjacent to existing 
structures 

   Provide underdrains and/or liners to prevent seepage from 
damaging existing structures 

Space is limited    Evaluate the potential to provide greater storage below ground or 
provide storage through green roofs, rain barrels or other rain 
collection techniques 

Adjacent to existing 
infrastructure/utilities 

   Provide underdrains and/or liners to prevent seepage from 
damaging existing structures 
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Site constraints Site A Site B Site C Possible engineering solutions 

Proximity to 
foundations 

   Provide underdrains and/or liners to prevent seepage from 
damaging existing structures 

Potential slope 
stability issues 

   Evaluate the potential for increased pore water pressure from 
increased infiltration 

Presence of 
expansive soils 

   Provide underdrains and/or liners to prevent seepage from 
damaging existing structures. Rely on evapotranspiration as 
primary function rather than infiltration. 

 

The approach to evaluating a site for the application of IMPs should first include identifying the desired 
level of treatment based on the regulatory drivers. The regulatory drivers can then be used to assign a 
design volume or flow. Site conditions should be assessed to identify the site constraints that might 
prevent achievement of the treatment goal. On the basis of the site constraints, a cost-benefit analysis 
should be conducted to evaluate site design alternatives that meet water quality goals. This cost-benefit 
analysis should evaluate the increased costs incurred to achieve higher infiltration or overall treatment 
volume based on site constraints. At higher treatment volumes and flows, costs are likely to increase 
sharply at a point where significant additional engineering components are required to address existing 
site constraints. Figure 1-8 shows that this point of sharp cost increase should then be compared to other 
water quality treatment options as required by the specific regulatory drivers. Sites with less favorable 
conditions (Site C) will have sharply increased costs at lower infiltration/treatment volume as compared 
to more favorable sites (Site A). Therefore, applying LID treatment BMPs to these less favorable sites 
might not be cost-effective. 

The design considerations for applying IMPs should be compared to the applicable watershed and 
jurisdictional urban runoff management program goals and design guidelines. 

 
Figure 1-8. Comparison of costs at different levels of runoff volume reduction for three hypothetical 
sites with varying constraints (Site A is the least constrained, Site C is the most constrained). 
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2 SITE PLANNING PRACTICES 

2.1 SITE ASSESSMENT 
Conducting a comprehensive inventory and 
assessment of site conditions is the crucial initial 
step for implementing low impact development 
(LID). To identify how stormwater moves through 
the site before development, the site assessment 
process should evaluate existing conditions such as 
existing hydrologic features and natural resources, 
existing site topography, soil types and depth to 
groundwater, existing vegetative cover and 
impervious areas, and drainage features 
(Figure 2-1). 

Next, the assessment must consider the land use 
requirements outlined in the San Diego County 
General Plan, which is a set of guiding principles 
designed to protect the County’s unique and 
diverse natural resources and maintain the 
character of its rural and semi-rural communities. 
The assessment must also consider Multiple 
Species Conservation Program (MSCP) 
requirements (if applicable), open space and 
setback requirements, road design standards, 
sidewalks and parking requirements, driveways, 
and regulations regarding the use of cluster 
developments. Using this information, site planners 
and designers should consider how road design, lot 
configuration and construction practices can incorporate existing natural features on the site to retain 
beneficial natural hydrologic functions. In instances where these features do not exist or cannot be 
retained, LID site design integrated management practices (IMPs) should be used to mimic the site’s pre-
existing hydrologic function. 

Site designers and municipal planners must understand site conditions and constraints and consider these 
as the basis for selecting appropriate stormwater quality controls. Site analyses should indicate how each 
of the constraints and opportunities (where applicable) affect the site (Coombes and Paskin 2002). 

Use the following inventory check list to assist with identifying and evaluating a potential site for LID: 

 

Figure 2-1. Climatic and site factors that affect 
LID design. 
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Site Assessment Checklist 

Landform 
 Existing site 

contours/topography 

 Top and toe of slopes 

 Steep slopes (>4%) 

 Orientation of the site 
(north arrow) 

 Natural features 
(contiguous natural 
areas) 

 Existing site impervious 
area 

Water Features 
 Creeks and rivers 

 Water flow direction 

 Water quality issues 

 Drainage patterns 

 Ponds and reservoirs 

 Wetlands areas 

 Riparian zones 

 Environmentally 
sensitive areas (ESA) 

 Flood hazard zones 

 Depth to groundwater 

 Seeps and springs 

Soils 
 Soil type 

 Permeability of soils 

 Expansive soils 

 Collapsible soils 

 Landslides 

 Depth to topsoil and 
subsoil 

 Potential erosion areas 

 Contaminated soils 

 

Plants and habitat 
 Vegetation type 

 Evapotranspiration 

 Existing trees and shrubs 

 Weed species 

 Sensitive species 

 Vegetation to be removed 

 MSCP area 

 Dedicated Biological open 
space 

 Park lands and preserves 

Climate 
 Average temperature 

 Average precipitation 

 Areas of full or partial shade 

 Wildfire hazard 

Site features 
 Existing structures noted to 

be removed or retained 

 Location and height of 
walls/fences 

 Archaeological sites 

 Easements 

 Location of existing overhead 
and underground utilities 

 Connections to existing 
municipal storm drainage 
conveyance system 

 Aesthetic qualities on site 

 Aesthetics qualities around 
the site 

Land use planning 
 General Plan and zoning 

requirements 

 Setbacks and buffer 
requirements 

 Parking lot requirements 

 Landscaping 
requirements 

 Building restrictions 

 Street requirements 

 Fire safety requirements 

 Clustered development 
requirements 

 Sidewalk and driveway 
requirements 

 Lot configuration 
requirements 

 High intensity land use 
areas 

 Heavy vehicular or 
pedestrian traffic areas 

Adjacent lands 
 Quantification of off-site 

drainage to site 

 Location of adjacent 
structures 

 Rooftop and floor levels 
of adjacent buildings 

 Form and character of 
adjacent buildings 
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2.2 SITE PLANNING 
Assessment of the existing site, as outlined in the previous section, can be used to produce a series of 
constraint and opportunities maps to assist in the IMP planning process. Permeable soils or soils offering 
the best available infiltration potential should also be noted and used. Map layers showing different 
aspects of a site (soils map, slopes map, hydrology map, zoning, etc.) can be combined to delineate the 
places best suited for development. Building sites, road layout, and stormwater infrastructure should be 
configured within these optimal development areas to reduce disturbance to soil, significant vegetation, 
and drainage paths, and to take advantage of a site’s natural stormwater processing capabilities. 

To reduce directly connected impervious areas and promote filtration and infiltration, the site planning 
principles below must be considered to guide the layout and orientation of development projects. As 
required by the San Diego Region Municipal Stormwater Permit (San Diego RWQCB 2013), the 
following site design strategies must be implemented where applicable and feasible: 

• Preserve or restore natural drainage corridors, storage reservoirs, topographic depressions, areas 
of permeable soils, existing trees, natural vegetation areas within the project footprint, natural 
swales, buffers around natural water bodies and riparian habitats, and ephemeral and intermittent 
streams. 

• Minimize the impervious footprint of the site by constructing streets, sidewalks, and parking lot 
aisles to the minimum widths necessary, providing that public safety is not compromised. 

• Minimize soil compaction in landscaped areas. Landscape with native or drought-tolerant species. 

• Disconnect impervious surfaces by dispersing runoff from impervious surfaces to distributed 
pervious areas (such as directed roof downspouts that disperse runoff to a lawn). 

• Design and construct landscaped or other pervious areas, such as turf, gravel, pervious pavement, 
or green roofs, to effectively receive and infiltrate or retain runoff from impervious areas before it 
discharges from the site. Such areas are referred to as self-retaining areas and no further treatment 
is required. Permeable materials should be used for site areas with low traffic and appropriate soil 
conditions. 

• Drain impervious surfaces to engineered IMPs, such as bioretention facilities, located at, or as 
close as possible to, the source (i.e., the point where stormwater initially meets the ground) to 
minimize the transport of runoff and pollutants to the municipal separate storm sewer system 
(MS4) and receiving waters. IMPs infiltrate or percolate runoff through engineered soil and allow 
it to drain away slowly. 

• Depending on the site conditions and local regulations, consider the feasibility of harvesting and 
using rainwater in conjunction with IMPs. 

• Landscaping with native or drought tolerant species. 

Combining two or more strategies might work best for the project. The strategies outlined above can 
provide multiple and complementary project benefits, such as reducing heat island effects, improving air 
quality, increasing the potential for water conservation, and decreasing the need for stormwater 
infrastructure. 
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The following sections define these LID site planning principles and how to apply them while designing 
an LID project site plan. 

2.2.1 CONSERVE NATURAL AREAS, SOILS, AND VEGETATION 
Consistent with San Diego County’s Conservation and Open Space Element of the General Plan, the first 
site planning strategy is to conserve natural resources on site (County of San Diego 2011a). Assess the 
site for significant trees1, shrubs, sensitive vegetation, and permeable soils and refer to applicable local 
codes, standards, easements, setbacks, etc., to define the protected areas (areas that should be left 
undisturbed, see Figure 2-2), define the development envelope (areas that are most suitable for 
development, see Figure 2-3), and create the draft site plan (County of San Diego 2011a). 

Use the following guidelines to determine the sensitivity of the site’s vegetated areas and rank them in 
order of increasing sensitivity. Within each of the categories detailed below, hillside areas should be 
considered more sensitive than flatter areas. 

1. Areas devoid of vegetation, including previously graded areas and agricultural fields. 

2. Areas of non-native vegetation, disturbed habitats, and eucalyptus woodlands, where receiving 
waters are not present. 

3. Areas of chamise or mixed chaparral, and non-native grassland. 

4. Areas containing coastal scrub communities. 

5. All other upland communities. 

6. Occupied habitat of sensitive species and all wetlands (as both are defined by the San Diego 
County Biological Mitigation Ordinance). 

 

Figure 2-2. Examples of protected areas. 
 

                                                      
1 Any tree which is more than 12 inches in diameter as measured 4.5 feet above the root crown; or any tree with a diameter of any 
two trunks of at least 16 inches as measured 4.5 feet above the root crown. Any oak tree of the Quercus genus more than 6 inches 
in diameter as measured 4.5 feet above the root crown; or any such tree with a total diameter of any two trunks of at least 8 
inches as measured 4.5 feet above the root crown. 
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Where possible, conform the site layout along 
natural landforms, avoid excessive grading and 
disturbance of vegetation and soils, and replicate 
the site’s natural drainage patterns. Set the 
development envelope back from creeks, 
wetlands, and riparian habitats. Preserve 
significant trees, especially native trees and 
shrubs, and identify locations for planting 
additional native or drought tolerant trees and 
large shrubs. Concentrate development on 
portions of the site with less permeable soils and 
preserve areas that can promote infiltration. 

The upper soil layers of a natural area contain 
organic material, soil biota, vegetation, and a 
configuration favorable for storing and slowly 
conveying stormwater. The canopy of existing 
native trees and shrubs also provide a water conservation benefit by intercepting rainwater before it hits 
the ground. By minimizing disturbances in these areas, natural processes intercept stormwater, providing 
a water quality benefit. By keeping the development envelope to the least environmentally sensitive areas 
of the site and set back from natural areas, stormwater runoff is reduced, water quality can be improved, 
environmental impacts can be decreased, and many of the site’s most attractive native landscape features 
can be retained. Retaining these natural landscape features might also count toward landscaping credit for 
a development’s required landscape plans. In some situations, site constraints, regulations, economics, or 
other factors might not allow avoidance of all sensitive areas on a project site. The standard California 
Environmental Quality Act (CEQA) review process will ensure that projects impacting biological 
resources on-site will offset those impacts with mitigation either elsewhere on-site or through off-site 
nature preserve creation to comply with CEQA, the Biological Mitigation Ordinance (BMO), MSCP 
objectives (if applicable), and other County requirements. 

2.2.2 MINIMIZE DISTURBANCES TO 
NATURAL DRAINAGES 

The next site planning strategy focuses on minimizing 
impacts to natural drainages (natural swales, topographic 
depressions, etc.). During the site assessment, natural 
drainage paths must be identified along with their 
connection to creeks and rivers, if any. Natural drainage 
pathways offer a benefit to the stormwater management 
strategy, since the soils and habitat already function as a 
natural filter or infiltration area. When determining the 
development footprint of the site, natural drainage paths 
should be avoided. By keeping the development envelope 
set back from natural drainage corridors (Figure 2-4), the 
water quality benefit to the watershed can be maintained. 

Figure 2-3. Development envelope. 

Figure 2-4. Setback from natural 
drainage corridor. 
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Implementing treatment train IMPs, such as filter strips and bioretention areas, further protects the natural 
drainage corridor from the adverse effects of urban runoff. In some situations, site constraints, 
regulations, economics, or other factors might not allow for the complete avoidance of drainage. The 
standard CEQA review process will ensure that projects impacting on-site drainage corridors will offset 
those impacts with mitigation to comply with CEQA, the BMO, the Resource Protection Ordinance 
(RPO), MSCP objectives (if applicable), and other County requirements. 

2.2.3 MINIMIZE AND DISCONNECT IMPERVIOUS SURFACES 
Development typically increases impervious surfaces on formerly undeveloped land and reduces the 
capacity of remaining pervious surfaces to capture and infiltrate rainfall (Bay and Brown 2005). In 
traditional development, the runoff from these impervious surfaces is captured by pipes and is directly 
connected to the municipal storm drainage system. Impervious areas directly connected to the storm 
drainage system have been identified as contributing to degraded receiving water quality. 

2.2.3.1 MINIMIZE IMPERVIOUS SURFACES 
For all types of development, limit the 
overall coverage of paved areas and roofs. 
Where allowed by local zoning and design 
standards—and provided that public safety 
and walkable environment are not 
compromised—this can be accomplished by 
designing more compact, taller structures; 
narrower streets and sidewalks; smaller 
parking lots (e.g., fewer parking stalls, 
smaller stalls, and more efficient lanes); and 
indoor and underground parking. Examine 
the site layout and identify areas where 
landscaping can be substituted for pavement. 

Minimizing impervious surfaces helps retain 
the permeability of the project site, allowing 
natural processes to filter and reduce 
nonpoint sources of pollution. 
Transportation-related surfaces such as 
streets, sidewalks, and parking lot aisles, 
should be constructed to the minimum width 
necessary, provided that public safety, 
circulation, and pedestrian access are not 
compromised (San Diego RWQCB 2013). In 
addition, low traffic areas are required to be 
constructed with permeable materials where 
underlying site conditions allow (San Diego 
RWQCB 2013). 

Figure 2-5. Example site layout that minimizes directly 
connected impervious surfaces. 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE 31 

2.2.3.2 DISCONNECT IMPERVIOUS SURFACES 
Creating pervious surfaces between impervious surfaces is an effective way to intercept urban runoff and 
reduce runoff volumes. This technique can be achieved by disconnecting continuously paved areas with 
landscaping or permeable materials and by directing roof runoff into vegetation, soils, or other permeable 
materials. The results include reduced stormwater peak flows and runoff volumes and filtration of the 
runoff before discharge to the municipal stormwater system or natural watercourses. Any impervious 
surface that drains into a catch basin, storm drain, or other impermeable conveyance structure is 
considered a directly connected impervious area. These impervious surfaces are principally comprised of 
rooftops and conventional pavements. Impervious surfaces that flow into a pervious area are not 
considered to be directly connected impervious area. However, the pervious area receiving the impervious 
surface runoff must be of appropriate width, area, location, slope, and design to effectively treat the 
contributing impervious area’s runoff (Urbonas and Stahre 1993). 

2.2.4 MINIMIZE SOIL COMPACTION 
The fourth site planning strategy is to minimize soil compaction in planned pervious areas (infiltration 
areas, landscaping, lawns, green space, etc.) and reduce the overall area of soil disturbance. The upper soil 
layers contain organic material, soil biota, and a configuration favorable for storing and slowly conveying 
stormwater downgradient. By protecting native soils and vegetation in appropriate areas during the 
clearing and grading phase of development, the site can retain some of its existing beneficial hydrologic 
function. It is important to recognize that areas adjacent to and under building foundations, roads, and 
manufactured slopes must be compacted with minimum soil density requirements to comply with the 
Grading Ordinance (County of San Diego 2011b). 

Clearing and grading exposes and compacts the underlying subsoil, producing a site with significantly 
different hydrologic characteristics as compared to the pre-development conditions. For this reason, avoid 
disturbing planned green space and proposed landscaped areas where possible. Areas planned for 
preserving beneficial hydrologic function should be protected during the grading and construction phase 
so that vehicles and construction equipment do not intrude and inadvertently compact the area. In urban 
sites, it might not be possible to completely avoid soil disturbance in the proposed pervious areas. In 
proposed landscaping areas where compaction cannot be avoided, re-tilling of the soil surface should be 
performed to allow for better infiltration capacity of underlying soil. Soil amendments are recommended 
and might be necessary to increase permeability and organic content. Soil stability, density requirements, 
and other geotechnical considerations associated with soil compaction must be reviewed by a qualified, 
licensed engineer (see Appendix F for further geotechnical information). 

2.2.5 DRAIN RUNOFF FROM IMPERVIOUS SURFACES TO PERVIOUS 
AREAS 

Identify opportunities to direct runoff from impervious areas to adjacent landscaping areas. The design, 
including slopes and soils, must reflect a reasonable expectation that an inch of rainfall will soak into the 
soil and produce no runoff. For example, a lawn or garden depressed 3 or 4 inches below the surrounding 
walkways or driveways provides a simple but functional landscape design element. Figure 2-6 shows 
examples of functional landscape design elements.  
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All priority development project 
sites are required, by Region 9 
permits, to have at least one 
treatment control BMP. For sites 
subject to stormwater treatment 
requirements only, a 2:1 
maximum ratio of impervious area 
to pervious areas (self-retaining 
area criteria) is acceptable, 
provided that the soils will drain 
adequately. For sites also subject 
to hydromodifcation flow-control, 
a maximum 1:1 ratio of 
impervious to pervious areas for 
self-retaining areas is mandatory. 
In some cases, runoff may be 
directed from impervious areas to 
pervious pavement. The pore 
volume of pavement and base 
course must be sufficient to retain 
an inch of rainfall, including 
runoff from the tributary area. The 
slopes and soils must be 
compatible with infiltrating the 
volume without producing runoff. 

Landscaped areas or other pervious areas (such as lawns) are required to be designed and constructed to 
receive stormwater runoff from rooftops, parking lots, sidewalks, walkways, patios, etc. (San Diego 
RWQCB 2013). An example is shown in Figure 2-7. These pervious areas help to slow, retain, filter, and 
treat runoff in the first few inches of the soil before discharging into the municipal stormwater system. 
When directly infiltrating into the ground using pure infiltration IMPs (e.g., infiltration trench, infiltration 
basin, dry wells), the soil conditions, slope and other pertinent factors must be addressed by a qualified 
licensed engineer. 

Important Note: Proposed stormwater infiltration IMPs, including permeable pavements, must be 
reviewed by a qualified engineer practicing geotechnical services to provide a professional opinion 
regarding the potential adverse geotechnical conditions created by implementing the practices. 
Geotechnical conditions such as slope stability, expansive soils, compressible soils, seepage, 
groundwater, and loss of foundation or pavement subgrade strength should be addressed. Where 
appropriate, mitigation recommendations should be provided. The impact and associated liability on 
existing, proposed, and future improvements should be included in the review. 

Figure 2-6. Functional landscape design elements that 
infiltrate stormwater. 
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Location: Mission Valley Library. Source: C. Sloan. 

Figure 2-7. Landscaped area infiltrates runoff from adjacent impervious areas. 

Site Planning Resources 

San Diego County  
General Plan 

http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/
C.1-4_Conservation_and_Open_Space.pdf 

California Environmental 
Quality Act (CEQA) 

http://www.sdcounty.ca.gov/pds/zoning/formfields/PDS-202.pdf 

Biological Mitigation Ordinance 
(BMO) 

http://www.sdcounty.ca.gov/pds/mscp/bmo.html 

Resource Protection Ordinance 
(RPO) 

http://www.sdcounty.ca.gov/pds/docs/res_prot_ord.pdf 

Multiple Species Conservation 
Program (MSCP) 

http://www.sdcounty.ca.gov/pds/mscp/index.html 

 

http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/C.1-4_Conservation_and_Open_Space.pdf
http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/C.1-4_Conservation_and_Open_Space.pdf
http://www.sdcounty.ca.gov/pds/zoning/formfields/PDS-202.pdf
http://www.sdcounty.ca.gov/pds/mscp/bmo.html
http://www.sdcounty.ca.gov/pds/docs/res_prot_ord.pdf
http://www.sdcounty.ca.gov/pds/mscp/index.html
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2.3 LID SITE DESIGN EXAMPLES 
LID site design strategies reduce the quantity of runoff and improve the quality of stormwater runoff from 
new development and redevelopment. LID site design attempts to mimic the site’s pre-developed 
(natural) hydrologic function. Site techniques involve the following: 

• Reducing impervious surfaces. 

• Disconnecting impervious surfaces from storm drains and other impervious surfaces to allow 
natural infiltration and treatment of stormwater runoff (e.g., Figure 2-8). 

• Increasing opportunities for infiltration and conveyance through vegetated and landscaped 
features. 

• Reducing soil compaction in the areas of the proposed LID treatment facility. 

• Reducing road and driveway widths in exchange for additional landscaping and green space. 

• Protecting sensitive natural areas, habitats, and important drainage corridors. 

• Linking greenways, parks, wilderness, and conservation land.  

 
Location: Palomar Airport in San Diego County, California. 

Figure 2-8. Parking lot that drains to a vegetated swale. 
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This section provides guidance on how LID concepts can be addressed for three basic types of land use 
development: residential, commercial, and industrial. 

The site planning principles and design concepts described in the following pages are integrated in a 
series of design examples. The examples are illustrative only and are not intended to represent 
comprehensive requirements for all development projects. Actual sites and projects will require various 
combinations and engineering ingenuity to suit unique site conditions. 

To provide multiple opportunities for stormwater treatment and to maximize the effectiveness of the LID 
design, a treatment train approach should be used. For example, a site can be designed by combining LID 
methods such as installing a landscaped bioretention cell, adding a grass swale, and installing permeable 
pavers as overflow areas. The following LID design examples show that by recognizing stormwater as a 
resource, and making it a primary consideration in site design, communities can be built to reward the 
investment, enhance the natural environment, and create an ideal place for people to live and work. 

2.3.1 RESIDENTIAL 
2.3.1.1 CLUSTERED LOW-DENSITY RESIDENTIAL DESIGN 
Clustered development, a site planning technique in use for several decades, considers not only individual 
lots, but larger site boundaries. It concentrates development on one portion of a site and maintains more 
of the site as open space. Clustered designs include strategies such as using smaller lot sizes, reducing 
setbacks and frontages, creating alternative street layouts to reduce road networks (section 3.1.3 ), and 
developing alternative driveway, sidewalk, and bike path designs (see section 3.1.5). When choosing the 
development envelope for a site, features such as drainage corridors and creeks, sensitive habitat areas, 
steep slopes, and highly erosive or permeable soils should be protected. 

A focal point of clustered development is 
reducing the actual footprint of the 
development project and the footprint of the 
roadway network internal to the project 
(Figure 2-9). Clustered development can 
provide increased area for passive recreation, 
when usable open space is concentrated in a 
public or semi-public place instead of being 
divided in many large, private yards. 
However, clustered developments can face 
resistance in the marketplace because home 
buyers sometimes prefer the larger lot sizes 
and wider streets of conventional urban and 
rural development patterns. Clustered 
development should include appropriate 
landscaping (e.g., native plants, xeriscaping) 
to blend with the surrounding environment. 
These landscaping areas can also be used in 
conjunction with LID treatment solutions. 

 

Figure 2-9. LID strategies for clustered low-density 
residential design. 
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In a watershed plan that employs clustered, dense development to preserve open space, on-site treatment 
in the more densely developed portion of the watershed might not be necessary. Dense or clustered 
development allows for significant areas to be preserved and remain undeveloped, reducing the need to 
mitigate throughout the entire watershed. 

2.3.1.2 SINGLE RESIDENTIAL LOT 
A single-family residential lot can 
provide significant opportunities for 
stormwater management (Figure 2-10). 
LID solutions can add aesthetic richness 
that will directly benefit the project and 
the surrounding community. When the 
ratio of impervious cover relative to land 
area is low, landscape areas can 
accommodate a variety of subtle filtration 
strategies. Stormwater management 
techniques can also provide habitat for 
wildlife, create shade, improve character, 
provide supplemental irrigation water, 
and promote growth of landscape 
planting. When planning a subdivision of 
small single-family lots, carefully assess 
whether lot-by-lot LID infiltration 
solutions are appropriate. Consider all 
physical, engineering, geotechnical, and 
public health and safety constraints, as 
well as the long-term maintenance and practicality of approaching infiltration at this level. An alternate 
approach would create a larger LID facility on a dedicated maintenance lot, in which runoff from multiple 
individual lots would drain to the facility and maintenance would be provided by the homeowners 
association. LID techniques that should be considered as part of the subdivision planning include 
conserving natural resources, disconnecting impervious surfaces by pitching driveways toward yards, and 
allowing roof runoff to drain to lawns before entering the storm conveyance system. 

2.3.1.3 MULTI-FAMILY RESIDENTIAL SITE 
In urban areas, many of the sites available for new construction are infill or redevelopment sites. These 
sites usually have higher densities (typically from 12 to 100 units per acre) that demand a greater 
proportion of pavement and roof coverage. 

Opportunities for on-site stormwater management exist even in the most densely developed infill sites, 
though these opportunities require greater creativity or multiple uses of space. For instance, an 
underground storage reservoir can be created to promote filtration and stormwater storage before 
releasing water into the municipal stormwater system. Figure 2-11 shows a pervious, grassed fire lane in a 
multi-family residential development. 

Figure 2-10. LID strategies for single residential lot 
design. 
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Source: EOA, Inc. 

Figure 2-11. Pervious emergency fire lane in a multi-family residential setting. 

In urban high-rise development projects, the vast majority of the site is often covered by buildings with 
only a minimal amount of landscaping. Although these high-density sites present limited opportunities to 
incorporate LID stormwater treatment solutions, this sort of development represents a highly efficient 
way to develop land and reduce pressure on the development of rural and undeveloped land. By allowing 
high density in urban cores (often referred to as smart growth), rural lands can be preserved more 
effectively, thus providing a watershed benefit by reducing impacts to water quality and encouraging 
groundwater recharge and habitat conservation. 
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2.3.1.4 RESIDENTIAL 
HILLSIDE SITE 

Hillside sites present particular 
challenges for stormwater 
management (Figure 2-12). LID 
strategies focusing on infiltration are 
typically best suited to more level 
sites. Infiltration strategies are 
impractical for hillside sites because 
they could potentially cause 
landslides and severe slope damage. 
Carefully stabilizing disturbed slopes 
is required. The licensed engineer 
must prove that stormwater 
management facilities are located so 
that infiltrated water does not 
compromise the integrity of building 
foundations, slopes, or other 
structures. 

2.3.1.5 LARGE RESIDENTIAL FLAT SITE 
Larger flat sites present some of the greatest 
opportunities for stormwater management 
(Figure 2-13). If soils have adequate 
percolation rates, infiltration facilities are 
easily incorporated into the design. In more 
poorly drained soils, flat sites allow for 
detention and filtration systems that can 
slow the speed of runoff from the site. 
These systems allow sediments to settle 
and minimize the discharge of high 
velocity flows, thus helping to meet 
hydromodification objectives. 

Figure 2-13 shows how the site planning 
and design principles discussed earlier 
can be applied at the neighborhood scale. 
For the purposes of illustration, two 
different street access systems are shown: 
driveways from the street or rear alley 
access. Each has different planning 
implications, but both can be integrated with appropriate stormwater management. 

Each cluster of buildings could also contain small-scale LID design elements. 

 
Figure 2-12. LID strategies for hillside sites. 

 
Figure 2-13. LID strategies for large residential flat sites. 
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2.3.2 COMMERCIAL 
2.3.2.1 COMMERCIAL SHOPPING CENTER 
Shopping centers present many opportunities for stormwater management, especially in the parking areas 
(Figure 2-14). Bioretention facilities can be incorporated into spaces between parking aisles. Recognizing 
that much of the parking is only necessary during peak times, such as the holiday season, a proportion of 
outlying stalls may be paved with permeable materials.  

The utility functions inherent in any shopping center also need attention, such as restaurant wash-down 
areas, trash collection areas, and service yards. These outdoor work areas require specific techniques to 
prevent polluted runoff from entering the storm drain system or local water bodies. Similarly, potentially 
hazardous materials used within the shopping center require special attention and treatment. Finally, trash 
and other storage areas can be properly designed and constructed to prevent pollutants from running off 
these areas into the storm conveyance system. 

If well-designed, correctly installed, and properly maintained, stormwater management techniques can 
enhance the aesthetic character of a shopping center and improve its marketability. 

  

 

Figure 2-14. LID strategies for commercial shopping centers. 
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2.3.2.2 COMMERCIAL OFFICE BUILDING 
Office buildings can integrate 
stormwater management 
techniques in many ways (Figure 
2-15). Landscape areas for 
employee use and perimeter 
screening can be designed as 
bioretention areas to infiltrate or 
filter runoff. These facilities de-
water quickly after storm events 
and do not pose a vector issue. 
They can also be designed as 
fountains or other decorative 
features to enhance aesthetics. 

Parking lot areas can be treated 
with the use of permeable 
materials. Impervious parking 
stalls can be designed to drain to 
landscaped infiltration areas. 

A portion of the required parking may be allowed to be held in landscape reserve, until a need for the full 
parking supply is established. As a result, the original construction can be built with enough parking to meet 
currently anticipated staff needs. If the parking demand increases, the area held in landscape reserve can be 
modified to accommodate parking. In this way, parking is held to a minimum on the basis of actual use, 
rather than by a zoning formula that might not apply to the office building’s actual personnel parking needs. 

2.3.2.3 COMMERCIAL RESTAURANT 
Restaurants offer a strong contrast 
between infiltration opportunities and 
special activity areas (Figure 2-17). 
Carefully selecting materials, such as 
brick or stone paving for outdoor 
patios, can enhance the restaurant’s 
aesthetic appeal, while allowing for 
stormwater management. Landscape 
plantings can also be selected for 
stormwater treatment. 

Parking can be provided in a variety of 
ways, with hybrid parking lots for staff 
that stay for long shifts, or with 
landscaped infiltration islands in lots 
with conventional paving for patrons 
who stay for shorter periods. 

 
Figure 2-15. LID strategies for commercial office buildings. 

 
Figure 2-16. LID strategies for commercial restaurants. 
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In contrast to these stormwater treatment opportunities, restaurants have special activity areas that need to 
be isolated from the storm conveyance system. Grease, stored items, trash, and other food waste must be 
kept in properly designed and maintained special activity areas. Local ordinances might have design 
guidelines for allowable square footage of covered and uncovered areas. 

2.3.3 INDUSTRIAL 
2.3.3.1 INDUSTRIAL PARK 
Industrial parks present special challenges when designing for stormwater management (Figure 2-17). 
They usually require large paved areas for truck access and employee parking, and space is usually 
limited. Industrial parks often have chemical storage and other special activity areas that require that 
infiltration techniques be avoided. 

Still, opportunities exist to incorporate design details to protect stormwater quality, including collecting 
and treating runoff in landscaped areas and properly managing special activity areas. 

  

 
Figure 2-17. LID strategies for industrial parks. 
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2.4 RETROFIT CONSIDERATIONS 
Retrofits are IMPs that are installed in already-developed areas where development occurred prior to 
stormwater requirements or where existing practices are not effective. Retrofitting can include replacing 
traditional roofs with green roofs, disconnecting or redirecting downspouts to pervious areas or newly 
installed IMPs, removing or replacing impervious surfaces with pervious surfaces, and implementing 
rainwater harvesting practices like rain barrels and cisterns. 

Retrofitting in urban environments is sometimes challenging compared to implementing IMPs in new 
development settings. Retrofit opportunities are constrained by a number of site factors, including the 
presence of structures such as buildings, retaining walls, and paved areas; aboveground and underground 
utilities; previously contaminated soils (known or suspected); and highly compacted urban soils that 
function as impervious surface due to low permeability. Designers might also need to preserve pedestrian 
and vehicle access. 

Directly connected impervious surfaces might constitute the majority of the site area, and pervious areas 
might be limited. When planning a retrofit project, designers can evaluate existing impervious areas to 
determine if some can be converted to pervious surface. Also, some impervious surface might be able to 
be reconfigured to drain to pervious areas, disconnecting them from the storm drain system and reducing 
the volume of runoff leaving the site. It is important to ensure that the pervious area is large enough and 
can infiltrate fast enough to avoid flooding or standing water; emergency overflow should be provided to 
safely convey large flows. 

If the site layout allows, IMPs can be set back from existing infrastructure to prevent damage to 
foundations, retaining walls, and utilities. Alternatively, facilities can be designed with hydraulic 
restriction layers (see Appendix A.11.6) and/or underdrains (see Appendix A.11.4) to prevent migration 
of stormwater to unwanted areas. The same techniques can be used to prevent mobilization of known or 
suspected pollutants in soils. 

If native soils have been compacted as a result of urban development or heavy equipment, they can be 
physically reconditioned (e.g., raking, tilling, amending) to adjust drainage characteristics, improve soil 
structure, and add organic matter (USEPA 2011). IMPs can also be installed with engineered media to 
ensure performance if in-situ conditions are poorly suited to stormwater management. 

Retrofits to incorporate IMPs in existing developments require creative site design and, in some cases, 
modifications to the design of IMPs to protect existing site features. Retrofits can provide water quality 
benefits in high-priority urban areas where water resources might already be impacted and few other 
options exist to achieve such improvements. 

  



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE 43 

2.5 REFERENCES 
Bay, S., and J. Brown. 2005. Assessment of Best Management Practice (BMP) Effectiveness—Final 

Report. Technical Report. Southern California Coastal Water Research Project. No.461. Accessed 
May 24, 2013. 
http://www.waterboards.ca.gov/losangeles/water_issues/programs/grants_loans/sccrwp/bmpeval_
finalreport_16dec05.pdf. 

Coombes, P., and R. Paskin. 2002. WaterSmart Practice Note 1: The WaterSmart Home. Hunter Central 
Coast Regional Environmental Management Strategy. Accessed May 24, 2013. 
http://www.hccrems.com.au/hccrems/media/RESOURCES/Water/HCCREMS-WaterSmart-
PracticeNote1_WaterSmart-Home.pdf. 

County of San Diego. 2011a. San Diego County General Plan, Chapter 5: Conservation and Open Space 
Element. Accessed May 24, 2013. 
http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/C.1-
4_Conservation_and_Open_Space.pdf. 

County of San Diego. 2011b. San Diego County Grading Ordinance. An Excerpt from the San Diego 
County Code of Regulatory Ordinances. Amended by Ord. No. 10179 (N.S.). Effective 
November 11, 2011. Accessed May 24, 2013. 
http://www.sdcounty.ca.gov/dpw/land/landpdf/gradingordinance.pdf. 

San Diego RWQCB (California Regional Water Quality Control Board, San Diego Region). 2013. Order 
No. R9-2013-0001, NPDES No. CAS0109266, National Pollutant Discharge Elimination System 
(NPDES) Permit and Waste Discharge Requirements for Discharges from the Municipal 
Separate Storm Sewer Systems (MS4s) Draining the Watersheds within the San Diego Region. 
Accessed May 24, 2013. 
http://www.waterboards.ca.gov/rwqcb9/water_issues/programs/stormwater/index.shtml. 

Urbonas, B.R., and P. Stahre. 1993. Stormwater: Best Management Practices Including Detention. 
Prentice Hall, Englewood Cliffs, NJ. 

http://www.waterboards.ca.gov/losangeles/water_issues/programs/grants_loans/sccrwp/bmpeval_finalreport_16dec05.pdf
http://www.waterboards.ca.gov/losangeles/water_issues/programs/grants_loans/sccrwp/bmpeval_finalreport_16dec05.pdf
http://www.hccrems.com.au/hccrems/media/RESOURCES/Water/HCCREMS-WaterSmart-PracticeNote1_WaterSmart-Home.pdf
http://www.hccrems.com.au/hccrems/media/RESOURCES/Water/HCCREMS-WaterSmart-PracticeNote1_WaterSmart-Home.pdf
http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/C.1-4_Conservation_and_Open_Space.pdf
http://www.sdcounty.ca.gov/pds/gpupdate/docs/BOS_Aug2011/C.1-4_Conservation_and_Open_Space.pdf
http://www.sdcounty.ca.gov/dpw/land/landpdf/gradingordinance.pdf
http://www.waterboards.ca.gov/rwqcb9/water_issues/programs/stormwater/index.shtml


PAGE 44 CHAPTER 3. INTEGRATED MANAGEMENT PRACTICES 

3 INTEGRATED MANAGEMENT PRACTICES 
A variety of low impact development (LID) design concepts and specific engineering solutions are 
introduced in this chapter and are further detailed in design guidance provided in Appendix A and 
Appendix C. The techniques presented are neither all-inclusive nor appropriate for every site or condition; 
however, as planners and designers become more familiar with the design concepts, they will likely use 
their ingenuity to develop a treatment train of LID strategies that achieves water quality goals. 

Before specific LID solutions can be developed for a particular project, the project designer must first 
determine the appropriate development category for the project (e.g., multi-family residential). Next, the 
designer must determine the project’s runoff and hydrology conditions, taking into consideration factors 
such as soil conditions; grading and creating slopes; selecting paving materials; collecting and channeling 
runoff from roof, driveway, parking, and road surfaces; and others. 

The individual design aspects of a project might make little difference to the overall hydrologic 
characteristics of the project, but, taken together, they significantly change the natural hydrology of the 
project site and can present stormwater management challenges. Fortunately, a project that combines a 
series of individual LID solutions on-site can effectively control stormwater and mitigate any water 
quality impacts. 

3.1 LID DESIGN CONCEPTS 
Minimizing impervious surface coverage and using natural elements to reduce stormwater runoff are key 
principles of LID. Selecting the appropriate LID concepts will depend on the elements included in the site 
development or redevelopment. Major design elements that can be adapted for LID include: 

• Roads 

• Parking lots 

• Driveways 

• Sidewalks 

• Bike paths 

• Buildings 

• Landscaping 

The following subsections describe LID design concepts relevant to each site element. These LID 
concepts should be considered early in the design process to control runoff quantity and quality and to 
minimize the need for structural integrated management practices (IMPs). 
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3.1.1 SELF-TREATING AREAS 
Self-treating areas (also called zero-discharge areas) are landscaped or turf areas that drain directly off-
site or to a storm drain system without discharging runoff to on-site impervious areas. Self-treating 
landscaped areas are assumed to produce runoff less than or equal to the pre-project site condition. 
Examples include upslope undeveloped areas which are conveyed around a proposed development and 
grassed slopes which drain off-site and do not mix with other developed site runoff. In general, self-
treating areas do not include impervious areas (must be at least 95% lawn, landscaping, or natural area 
and less than 5% impervious) and have slopes that are gentle enough to ensure that runoff will be filtered 
through the vegetation and soil. Runoff from self-treating areas does not require additional treatment or 
flow control. Refer to chapter 4 of the SUSMP (County of San Diego 2012) for full details. 

3.1.2 SELF-RETAINING AREAS 
Self-retaining areas are designed to retain the first one inch of rainfall without producing any runoff. The 
technique works best on flat, heavily landscaped sites; however, it can also be used on mild slopes if a 
one-inch rainfall would be expected to generate no runoff. To create self-retaining turf and landscape 
areas in flat areas, a concave cross-section should be graded so that the self-retaining areas will hold the 
first inch of rainfall. Grading should be directed toward the center of the pervious area at slopes of 4 
percent or flatter per SUSMP (County of San Diego 2012) recommendations. Any overflow inlets should 
be set 3 inches above the low point to allow ponding. Runoff from impervious or partially pervious areas 
can be managed by routing to self-retaining pervious areas. For example, roof downspouts can be directed 
to lawns, and driveways can be sloped toward landscaped areas. The maximum ratio is 2 parts impervious 
area for every 1 part pervious area for water quality treatment. For hydromodification flow control, the 
maximum ratio is 1 part impervious areas for every 1 part pervious area. Runoff from the impervious area 
must be directed to and dispersed within the pervious area, and the entire area must be designed to retain 
an inch of rainfall without overflowing from the self-retaining area. Under some circumstances, pervious 
pavement (e.g., crushed stone, permeable asphalt, or pervious concrete) can be considered a self-retaining 
area. Adjacent roofs or impervious pavement may drain to the pervious pavement in the same maximum 
ratios as described above. Properly designed self-retaining areas that accept flow from impervious areas 
or partially impervious areas can be classified as treatment control IMPs, as required by the Permit for 
Priority Development Projects. Runoff from self-retaining areas does not require additional treatment or 
flow control. Refer to chapter 4 of the SUSMP (County of San Diego 2012) for full details. 

3.1.3 LID ROAD DESIGN 
General Description 
Roads comprise a significant portion of a community’s impervious coverage and are one of the largest 
contributors of stormwater flows and pollutant loads. LID road design is a strategy to reduce this impact 
by minimizing impervious coverage and maximizing stormwater infiltration and pollutant uptake. 

Road Design Standards 
Roads are at the nexus of a wide variety of land-use and environmental issues. With a number of possible 
configurations, roads constitute a large design element in any development. In a typical neighborhood, the 
public right-of-way (i.e., the road or street) comprises approximately 20 to 25 percent of total land area, 
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making it the single most important determinant of neighborhood character. Roads also can comprise up 
to 70 percent of a residential community’s total impervious land cover, with the remainder of impervious 
land coverage in the form of rooftops and other structures. As a result, road design is one of the greatest 
factors in a development’s impact on stormwater quality. Roads are subject to municipal ordinances, 
standards, and management, allowing local jurisdictions to have a great deal of control over their design. 
For these reasons, the road is one of the most important design elements in site planning and an element 
that can be most directly affected by local ordinances and policies. 

Elements of LID Road Design 
The overall objectives for LID road designs are: 

• Reduce directly connected impervious area by reducing the overall road network coverage. 

• Minimize or eliminate effective impervious area and concentrated surface flows on impervious 
surfaces by reducing or eliminating hardened conveyance structures (pipes or curbs and gutters). 

• Infiltrate and slowly convey storm flows in roadside bioretention cells and swales, and through 
permeable paving and aggregate storage systems under the pavement. 

• Design the road network to reduce site disturbance, avoid sensitive areas, and reduce landscape 
fragmentation. 

• Create connected street patterns and open space areas to promote walking, biking, and access to 
transit and services. 

• Maintain efficient fire, safety, and emergency vehicle access. 

Based on the above objectives, the following general concepts should be considered when planning 
roadways: 

• Road layout – Consider alternatives that reduce impervious coverage such as reducing the length 
of the road network by exploring alternative road layouts. Clustering homes and narrowing lot 
frontages can reduce road length by reducing the overall development area. Another approach is 
to lengthen street blocks and reduce cross roads by providing pedestrian and bicycle paths mid-
block to increase access. 

• Road width – Road width is a function of land use, density, road type, average daily traffic, traffic 
speeds, street layout, lot characteristics and parking, drainage, emergency access, and 
underground utilities. 

• Cul-de-sac design – Cul-de-sacs create large areas of impervious coverage in neighborhoods. 
Alternatives to the traditional cul-de-sac can reduce impervious coverage. Examples of 
alternatives which reduce impervious surfaces are a T-shaped hammerhead turnaround, standard 
radius cul-de-sac with landscaped center-island for bioretention (see section 3.2.1.1), grid street 
systems, and a loop road network (Schueler 1995). 

• Rights-of-way – Reflect the minimum required to accommodate the travel lane, parking, 
sidewalk, and, if present, vegetation in rights of way. 

• Permeable materials – Use permeable materials in alleys and on-street parking where feasible 
(less than 4 percent slope). 
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• Increased access – Create paths to open space and other opportunities for pedestrians and bicyclists 
in subdivisions where alternative street layouts such as loop networks and cul-de-sacs are used. 

• Traffic calming features – Traffic circles, chicanes, chokers, and center islands can provide for 
pedestrian safety while also managing stormwater using bioretention or other infiltration practices 
(Victoria Transport Policy Institute 2007). 

• Accessibility – All County accessibility requirements for roadway designs must be followed for 
LID design 

• Drainage options: 
o Maintain drainage – Preserve natural drainage patterns to the extent feasible and avoid 

locating streets in low areas or highly permeable soils. 

o Uncurbed roads – Build uncurbed roads using vegetated swales where feasible. 

o Urban curb/swale system – Runoff drains along a curb and enters a surface swale via a curb 
cut, instead of entering a catch basin to the storm drain system. 

o Concave medians – Depress median below the adjacent pavement and design it to receive 
runoff through curb inlets or sheet flow. This can be designed as a landscaped swale or a 
biofilter. 

Driveway, private road, and public (nonmobility element) road design is influenced at the individual 
parcel and subdivision scale and is the focus of this section. Road design is site specific; accordingly, this 
section does not recommend specific road designs. Instead, the strengths and weaknesses of different road 
layouts are examined in the context of LID to help designers provide adequate transportation systems 
while reducing impervious surface coverage. 

Road Width Considerations 
Although reduced pavement width is a goal of LID, project designers should consider the following: 

• Complete streets policies require accommodation of all users (motor-vehicle operators, bicyclists, 
pedestrians) on all roads and may require adequate surface and space to accommodate all users 

• Turnouts and/or parking bays may be added to narrow roads at intervals to accommodate broken 
down vehicles, provide refuge areas for vehicles to pull over when emergency vehicles are 
rushing by to a scene, and help keep maintenance vehicles from blocking a through lane. 

• Typical fire department standards require greater paved width for emergency vehicle access. A 
principal concern is that emergency access might be blocked if a vehicle becomes stalled in the 
lane. Grid street systems and loop road systems provide multiple alternate emergency access 
routes to address this concern, though there might be a marginal increase in response times. 

• Hillside sites have special access concerns and fire risks. Because of the potential for lanes to be 
blocked by a single vehicle with no comparable alternate route, reduced street widths might not 
be advisable on long cul-de-sac streets or narrow hillside sites. 

Road Drainage 
Concrete curb and gutters are commonly required along both sides of a residential road, regardless of the 
number of houses served. The curb and gutter system serves several purposes, including collecting 
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stormwater and directing it to underground conveyance drainage systems, protecting the pavement edge, 
preventing vehicle trespass onto the pedestrian space, providing an edge against which street sweepers 
can operate, and helping to organize on-street parking. Curb and gutter systems also provide a directly 
connected conduit to natural water bodies and can collect and concentrate pollutants. Several alternatives 
to typical curb and gutter systems are available that meet functional requirements while lessening the 
street’s impact on stormwater quality. Note that these alternatives are discussed and recommended in the 
SUSMP (County of San Diego 2012). 

3.1.3.1 PUBLIC ROAD STANDARDS 
Current public and private road standards typically result in 60-80 percent impervious land coverage in 
the public right-of-way or the private road easement. The runoff from these impervious surfaces can 
negatively affect water quality. Road standards that allow a hierarchy of road sizes according to average 
daily traffic volumes yields a wide variety of benefits, including improved aesthetics from street trees and 
green parkways, reduced impervious land coverage, and reduced heat island effect. If the reduction in 
road width is accompanied by a drainage system that allows runoff to infiltrate, the impact of roads on 
stormwater quality can be effectively mitigated. 

The design of public (nonmobility element) roads shall use at least one of the following LID features 
(County of San Diego 2003): 

1. Reduce sidewalk widths as long as the Americans with Disabilities Act (ADA) requirements are 
met. 

2. Incorporate landscape buffer areas between sidewalks and streets. 

3. Design nonmobility element streets for the minimum required pavement widths. 

4. Minimize the number of residential street cul-de-sacs and incorporate landscaped areas to reduce 
impervious cover. 

5. Urban curb/swale system: street slopes to curb, periodic swale inlets drain to a vegetated swale. 
For more information on curb cut design please see Appendix A.11.2. 

Guidelines for the design and construction of public improvement projects within the unincorporated 
areas of San Diego County reference the San Diego County Public Road Standards. 

For guidelines that incorporate alternative road designs into a project reference the San Diego County 
Flexibility in County Road Design. 

In no way shall these LID features be designed to block sight distance for motorists from adjacent streets 
and driveways, create obstacles for pedestrians, impede the visibility and maintenance of traffic control 
devices and signs, and reduce or eliminate clear recovery area and minimum horizontal clearances from 
fixed objects. The landscaping maintenance mechanism through a landscaping district or County 
department shall be obtained prior to installation of the landscaping. 

3.1.3.2 PRIVATE ROAD STANDARDS 
A private road is used where required by subdivision and zoning ordinance requirements. Curbs and 
gutters are replaced by gravel shoulders that are graded to form a drainage way, with opportunities for 

http://www.sdcounty.ca.gov/dpw/docs/pbrdstds.pdf
http://www.sdcounty.ca.gov/dpw/docs/roads/FlexibilityInRoadDesign.pdf
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biofiltration and landscaping. Road sheet flow drains to a vegetated swale or gravel shoulder. Other 
characteristics of a private road standard include curbs at street corners and the placement of culverts 
under driveways and road crossings. 

Typically, a narrow two-lane paved roadway is constructed to a width of 24 feet. Most of the time, single 
vehicles use the center of the paved roadway. Protecting the roadway edge and organizing parking are 
two significant issues in rural street design. Roadway edge protection can be achieved by flush concrete 
bands, steel edge, or wood headers. Upon recommendation of the local fire authority, parking can be 
restricted by use of signage or striping. 

Private roads should incorporate one of the following elements for enhanced stormwater quantity and 
quality control (BASMAA 1999; County of San Diego 2003): 

1. Rural swale system – Road sheet flows to vegetated swale or gravel shoulder, curbs at street 
corners, culverts under driveways and road crossings. 

2. Urban curb/swale system – Road slopes to curb, periodic swale inlets drain to a vegetated swale. 

Guidelines for the minimum design and construction requirements for private road improvements in the 
unincorporated areas of the County can be found in the San Diego County Standards for Private Roads. 

Road LID Design Options 
As described above, several options are available to reduce and treat roadway runoff. The following 
design options should be incorporated where practicable during roadway design. 

3.1.3.3 URBAN CURB/SWALE SYSTEM 
On streets where a more urban character is desired or where a rigid pavement edge is required, curb and 
gutter systems can be designed to empty into drainage swales (Figure 3-1).  

These swales can run parallel to the street, in the 
parkway between the curb and the sidewalk, or 
can intersect the street at cross angles, and run 
between residences, depending on topography. 
Runoff travels along the gutter, but instead of 
emptying into a catch basin and underground 
pipe, multiple openings in the curb direct runoff 
into surface swales or infiltration/detention 
basins. If lined with vegetation or gravel/rock 
and gently sloped, these swales function as 
biofilters. Because the concentration of flow 
will be highest at the curb opening, erosion 
control must be provided, which might include a 
forebay for ease of debris removal. 

For more information on curb-cuts please see Appendix A.11.2. 

 
Locations: Seaside Ridge Development, Encinitas, California. 

Figure 3-1. Urban curb/swale system. 

http://www.sdcounty.ca.gov/dpw/docs/PRRDST.pdf
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3.1.3.4 RURAL SWALE SYSTEMS 
On streets where a more rural character is desired, concrete curbs 
and gutters are not required (Figure 3-2). 

Since the street does not have a hard edge, the pavement margins 
can be protected by a rigid header of steel, a strip of wood, or a 
concrete band poured flush with the street surface. Parking can be 
permitted on a gravel shoulder. If the street is crowned in the 
middle, this gravel shoulder can also serve as a linear swale (with 
appropriate slopes), permitting infiltration of stormwater along its 
entire length. Because runoff from the street is not concentrated, 
but dispersed along its entire length, the buildup of pollutants in 
the soil is reduced. If parking is not desired on the shoulder, 
signage or striping can be installed along the shoulder to prevent 
vehicle trespass. Swales should be designed so that errant vehicles 
may recover without losing control. In these ways, edge 
treatments—other than continuous concrete curb and gutters with 
underground drainage systems—can be integrated into street 
design, creating a headwaters street system that reduces impacts 
on stormwater quality but captures the most attractive elements of traditional neighborhood design 
(County of San Diego 2003). 

For more information on swales please see Appendix A.9. 

3.1.3.5 CONCAVE MEDIAN 
Conventional median design includes a convex surface rising above the pavement section, with drainage 
directed towards a curb and gutter system. Runoff is conveyed rapidly off the median and the street directly 
into a catch basin/underground pipe system, concentrating pollutants and carrying them to water bodies. 

If the soil level in the median is designed 
as a concave surface slightly depressed 
below the pavement section, water is 
directed from the street into the median 
(Figure 3-3). 

Concave medians are especially valuable 
at treating the first flush runoff, which 
carries a high concentration of oils and 
other pollutants from the street, especially 
if the median is designed as a landscaped 
swale or turf/rock lined biofilter. Because 
of the relatively small area provided by 
the median for stormwater infiltration and 
retention, a catch basin and underground 
storm drain system might be required. By 

 
Location: San Diego, California. 

Figure 3-2. Rural swale system. 

 
Location: County Operations Center, San Diego, California. 

Figure 3-3. Swale. 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE 51 

setting catch basin rim elevations just below the pavement elevation, but above the flow line of the 
infiltration swale, a few inches of water will collect in the swale before overflowing into the underground 
system. 

3.1.3.6 CUL-DE-SAC DESIGN 
Cul-de-sac streets present special opportunities and challenges. Because cul-de-sac streets terminate, they 
require a turn-around area large enough to accommodate large trucks. County fire code requires a 
minimum paved radius width of 36 feet in residential areas. If an entire 36-foot radius turnaround is 
paved, it creates a 4,071-square-foot impervious circle. Aside from the implications for stormwater 
quality, this is especially unfortunate as a design element, because it creates a heat island at the front of 
several homes. A turnaround with a central concave landscaped area can reduce impervious coverage and 
provide stormwater infiltration or detention opportunities. Design of a landscaped cul-de-sac must be 
coordinated with fire department personnel to accommodate turning radii and other operational needs 
(County of San Diego 2001). 

Road Drainage Maintenance Considerations 
The perception that surface swale systems require a great deal of maintenance is a barrier to their 
acceptance. In practice, maintenance is required for all drainage systems, and surface systems can require 
comparable or less maintenance than underground systems. Design factors for low maintenance include: 

• Erosion control at curb openings. 

• Shallow side slopes and flat bottoms (as opposed to ditches that can erode). 

• A cobble or rip-rap bottom combined with plantings. 

• Proper plant selection to facilitate weed control. 

• Sufficient access points to facilitate maintenance activities. 

Maintenance practices for surface systems are different than most urban public works department 
practices; as a result, some employee retraining might be required for maintaining road systems that use 
surface swales instead of concrete curbs and underground pipes. One advantage of surface drainage 
systems is that problems, when they occur, are easy to fix because they are visible and on the surface. 

3.1.4 LID PARKING LOT DESIGN 
General Description 
Parking lots comprise a sizeable portion of a community’s impervious coverage. They are significant 
sources of stormwater runoff, which carry pollutants to the storm drain system and local surface waters. 
Several strategies can be implemented to mitigate this impact, including reducing impervious surfaces, 
adding perimeter landscaping, and using permeable materials in overflow parking areas and bioretention 
basins in parking lot islands. Considerations for integrating LID concepts in parking lot design are also 
provided in the County of San Diego Parking Design Manual (County of San Diego 2013). 
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Parking is the greatest single land use in most industrial, office, and commercial development. A standard 
parking stall occupies only 160 square feet, but when combined with aisles, driveways, curbs, overhang 
space, and median islands, a parking lot can require up to 400 square feet per vehicle, or nearly one acre 
per 100 cars. Since parking is usually accommodated on an asphalt or concrete surface with conventional 
underground storm drain systems, parking lots typically generate a great deal of directly-connected 
impervious area which make them a significant contributor to environmental degradation. Parking lots 
can be designed to both reduce the impervious land coverage of parking areas and to filter runoff before it 
reaches the storm drain system. 

Stormwater management in parking lots can mimic natural hydrologic functions by incorporating design 
features that capture, treat, and infiltrate or detain stormwater runoff rather than conveying it directly into 
the storm drain system. Management options include: 

• Landscaped retention, also known as bioretention, areas (Appendix A.1) can be installed within 
and at the perimeter of parking lots to capture and infiltrate or detain runoff. 

• Parking groves, which include permeable landscaped areas designed with grades several inches 
below the impervious parking surface can delineated by flat concrete curbs, shrubs, trees, and 
bollards (small vertical posts). 

• Permeable surfaces can be installed in 
downgradient parking stalls and in 
overflow parking areas (Figure 3-4). 
Permeable materials that can be used 
include permeable pavers, permeable 
asphalt concrete (AC), and pervious 
concrete. In some circumstances, gravel 
or wood chips can also be used. 

• Stormwater runoff from the top floor of 
parking garages can be drained to 
planter boxes placed at the perimeter of 
the parking lot or at street level. 

Reducing Impervious Surfaces 
Research has shown that zoning regulations typically require more parking spaces than are needed. 
Parking lot size is usually based on peak demand rather than average usage. 

Parking codes should be reviewed and revised to either reduce parking minimums or require reduction in 
directly connected impervious areas. Parking codes should also be revised to allow shared parking for 
businesses with different hours of peak demand. Commercial centers that experience peak demand only 
during holidays can use bus and shuttle services to transport people from parking areas at government 
facilities and schools, which are typically vacant during holidays. 

 

Figure 3-4. LID parking lot design. 
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Other strategies to reduce the total parking 
area include installing compact parking 
spaces and determining the most space-
efficient design for parking spaces (i.e., 
angled or perpendicular). Consideration 
should be given to design options such as 
underground parking, multi-storied 
garages, or planting vegetation on and 
around parking surfaces (Figure 3-5). As 
noted above, vegetation and landscaping 
can be designed to intercept rainfall and 
capture stormwater. Planting trees as a 
component of parking lot landscaping can 
reduce impervious coverage and reduce the 
urban heat island effect of parking lots by 
shading heat-adsorbing surfaces. 

3.1.5 LID DRIVEWAY, SIDEWALK, AND BIKE PATH DESIGN 
Driveways, sidewalks, and bike paths add a significant amount of impervious coverage to a community 
and are an element of a site’s design that can be altered to minimize directly connected impervious areas. 
Driveways often slope directly to the street and storm drain system and contribute significantly to 
stormwater pollution. Three primary strategies can be implemented to reduce these impacts, including: 

• Reduce pavement widths. 

• Direct surface flow from pavements to a permeable landscaped area 

• Utilize permeable paving materials. 

Driveways 
Driveways offer a relatively simple opportunity to improve both the aesthetics and permeability of 
residential developments. By allowing tandem parking, shared driveways, or rear alley access, 
municipalities can reduce mandated driveway requirements. For designers and developers, the driveway’s 
intimate relationship with the residence, and its relative freedom from government regulation, make it an 
element that can be designed to increase permeability as well as market appeal. Some treatments, such as 
vegetated permeable pavers or gravel, require greater maintenance than poured-in-place asphalt or 
concrete designs. Other materials, such as brick or unit pavers, require a greater initial expense. 

Disconnected Impervious Driveway 
A conventional driveway that drains to the storm drain system is a directly connected impervious area 
which collects and concentrates pollutants. The easiest way to reduce the impact of a conventional 
impervious driveway on water quality is to slope it to drain onto an adjacent turf or groundcover area 
(Figure 3-6). By passing driveway runoff through a permeable landscaped area, pollutants can be 
dispersed and removed in the soil.  

 
Location: Encinitas, California. 

Figure 3-5. Vegetated open cell unit pavers. 
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Figure 3-6. Pathways of stormwater flow over (a) directly connected and (b) disconnected 
impervious surfaces. 
 

Crushed Aggregate Driveway 
Gravel and other granular materials can make a suitable permeable pavement for rural and other low-
traffic driveways. Because it is lightly used by very slow moving vehicles, a well-constructed driveway of 
granular material can serve as a relatively smooth pavement, although maintenance can be challenging 
because fine sediment will migrate through the profile and eventually clog the subsoil interface. In 
choosing a granular material for a gravel driveway, use crushed stone aggregate. Crushed aggregate 
driveways shall be designed so that aggregate is not spread into pedestrian walkways and the intersecting 
roadway through vehicular travel and erosion. For proper infiltration and stormwater storage, the 
aggregate must be washed and open-graded (see Appendix A.3). 

Permeable Pavements 
Permeable pavement can be installed to create an attractive and 
self-treating driveway (Figure 3-7). A pavement of permeable 
interlocking concrete pavers, brick, stone, or open cell unit pavers 
can make the driveway more integrated with the garden rather 
than an extension of the street penetrating deep into the garden 
space. For parking, a permeable, engineered base structural 
section might be required in addition to a sand setting bed. Some 
pavements can also be installed on very fine gravel. The voids or 
joints between pavers should be routinely maintained to prevent 
clogging by fine sediment and vegetative debris. 

Two-Track Driveways 
Concrete paving only under the wheel tracks is a viable, 
inexpensive design if the driveway is straight between the garage 
and the street. By leaving the center strip open to be planted with 
groundcover or filled with a permeable material such as gravel, a 
driveway of two concrete wheel tracks can significantly reduce 

 
Location: Seaside Ridge Development, 
Encinitas, California. 

Figure 3-7. Permeable pavement 
driveway. 
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impervious surface coverage compared with a single-lane concrete driveway. Drainage, climate, and 
maintenance must be considered with the design of this technique so that the landscape can be planned 
appropriately. 

Flared Driveways 
Long driveways or driveways that serve 
multi-car garages do not require the full 
multi-lane width along their entire length. The 
approach to the garage can be a single lane, 
adequate to accommodate the relatively 
infrequent vehicle trips, while the front of the 
garage can be flared to provide access to all 
garage doors (Figure 3-8). This strategy can 
reduce overall pavement cost and land 
coverage while maintaining adequate access 
for all parking spaces. 

3.1.6 LID BUILDING DESIGN 
By definition, buildings create impervious land coverage. An important planning consideration is the site 
coverage and floor area ratio (FAR). Buildings of equal floor area ratio can have widely different 
impervious coverage. For example, a two-story building with 1,000 square feet of floor area will create 
500 square feet of impervious area, while a one-story building of the same floor area will create twice the 
impervious land coverage. Therefore, multi-story buildings have less impact on stormwater quality than a 
single-story building with the same square footage. Once the building size and coverage is determined, a 
number of techniques are available that will collect rooftop runoff from individual buildings and allow it 
to infiltrate into the soil. 

3.1.6.1 RAIN WATER HARVESTING 
A key LID technique in a setting with soils relatively 
restrictive to infiltration is water harvesting. Rain 
barrels can be used at smaller residential scales, while 
cisterns are more suitable at larger-scale commercial 
and light industrial developments. Water harvesting 
has successfully reduced runoff discharged to the 
storm drain system and conserved water in 
applications at all scales (Figure 3-9). Local municipal 
regulations should be followed for proper use of the 
water harvested, e.g., toilet flushing. 

Cisterns and Rain Barrels 
Cisterns and rain barrels capture roof runoff from the 
roof downspout and provide an effective way to store 
and slowly release runoff into the soil. These 

 
Source: RBF Consulting. 

Figure 3-8. Flared driveway. 

 

Figure 3-9. Cistern for residential rooftop 
rainwater management and harvesting. 
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harvesting systems mitigate the peak flow increases caused by rooftop impervious land coverage, 
especially for small storms. Cisterns and rain barrels can be incorporated into the aesthetics of the 
building and garden. Details regarding the functions and performance of cisterns and rain barrels are 
provided in section 3.2.3.1. 

Large-Scale Harvesting 
 Successful water harvesting project examples show that large buildings, including vertically elevated as 
well as horizontally spread buildings, can successfully harvest water for nonpotable uses. For example, in 
downtown Seattle, the King County Government Center collects enough roof runoff to supply more than 
60 percent of the government center’s toilet flushing and plant irrigation water requirements, saving 
approximately 1.4 million gallons of potable water per year. A smaller public building in Seattle, the 
Carkeek Environmental Learning Center, drains roof runoff into a 3500-gallon cistern to supply toilets. 
The Natural Resources Defense Council office in Santa Monica is another example of a medium-scale 
rain harvesting application. 

For more information on rainwater harvesting please see Appendix A.8. 

3.1.6.2 FOUNDATION PLANTING 
For buildings that do not use a gutter system, 
landscape planting and planter boxes around the base 
of the eaves can infiltrate stormwater and protect the 
soil from erosion caused by concentrated sheet flow 
coming off the roof (Figure 3-10). Foundation 
plantings can reduce the physical impact of water on 
the soil and provide a subsurface matrix of roots that 
encourage infiltration. These plantings must be 
sturdy enough to tolerate the heavy runoff sheet 
flows and periodic soil saturation but should not 
have large woody roots that can grow under and 
disturb building foundations. Unvegetated 
foundation swales formed with cobbles and gravel 
can also be used to protect foundations from 
potential water damage. See section 3.2.1 for details 
on flow-through planters and section 3.2.4.1 for 
swales. 

3.1.6.3 DOWNSPOUT TO SWALE 
Discharging the roof downspout to landscaped areas via swales allows for pollutant removal and 
infiltration of the runoff. The downspout can be directly connected to a pipe that carries the roof runoff 
away from the building foundation and releases it into a swale, landscaped area, or self-retaining area. An 
energy dissipater, such as rock or cobble, is recommended at the outlet. The roof runoff is slowed by the 
rocks, absorbed by the soils and vegetation, and the remaining runoff can then flow away from the 
building foundation towards the storm drain. 

 

Figure 3-10. Foundation planting. 
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3.1.6.4 VEGETATED (GREEN) ROOFS 
Vegetated roofs (also known as green roofs and eco-roofs) offer a number of benefits in the urban 
landscape including increased energy efficiency, improved air quality, reduced temperatures in urban 
areas, noise reduction, improved aesthetics, extended life of the roof, and, most importantly, improved 
stormwater management. Stormwater benefits include reduced volume of stormwater runoff, reduced 
quantity of industrial effluent, extended lifetime of infrastructure, reduced flooding potential, and reduced 
need for downstream structural IMPs (Peck and Johnston 2006). 

Vegetated roofs fall into two categories: intensive and extensive. Intensive roofs are designed with a 
relatively deep soil profile and are often planted with ground covers, shrubs, and trees. Intensive green 
roofs might be accessible to the public for walking, or can serve as a major landscaping element of the 
urban setting. Extensive vegetated roofs are designed with shallow, light-weight soil profiles and ground 
cover plants adapted to the harsh conditions of the rooftop environment (Hinman 2005). 

For more details, see section 3.2.2.2 and Appendix A.6. 

3.1.7 LID LANDSCAPING DESIGN 
In the natural landscape, most soils infiltrate a high percentage of rainwater through a complex web of 
macropores and other spaces formed by biological activities in the soil column. Natural processes that 
affect soil include roots growing into and separating particles of clay, insects excavating voids in the soil 
mass, roots decaying and leaving networks of macropores, leaves falling and forming mulch over the soil 
surface, and earthworms burrowing and ingesting organic detritus to create richer, more porous and 
permeable soil (Harris 1992). In the developed environment, a certain amount of soil must be covered 
with impervious surface, but the remaining landscape can be designed and maintained to maximize its 
natural permeability and infiltration capacity. 

One simple strategy to improve infiltration is to grade landscape surfaces. If a landscape surface is graded 
to have a slightly concave slope, it will hold water (Figure 3-11). The infiltration value of concave 
vegetated surfaces is greater in permeable soils. Soils of heavy clay or underlain with hardpan provide 
less infiltration value. In these cases, concave vegetated surfaces must be designed as retention/detention 
basins, with proper outlets or underdrains to an interconnected system.  

 
Figure 3-11. Options for LID landscape design.  
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Aeration techniques such as drilling, scarifying, and roto-tilling can break up soil and enhance 
percolation. In addition, properly amending the soil and increasing soil organic matter can significantly 
increase water holding capacity. 

Water-Efficient Landscaping 
All landscape improvements shall conform to the County of San Diego’s Landscape Water Conservation 
Design Manual and the State of California’s Water Conservation Landscape Ordinance (County 2010). 
When a local water agency serving a proposed project has adopted more stringent water conservation 
landscape requirements, the landscaping and irrigation design must comply with the water agency’s 
requirements. 

Where appropriate for the site and the intended stormwater management technique, the landscaping may 
include natural features such as rock and stone. 

Where service is available to the project site and appropriate for the intended use, recycled or reclaimed 
water must be used for irrigation. 

3.1.7.1 PLANT SPECIES SELECTION 
The proper selection of plant materials can improve the infiltration potential of landscape areas. Deep 
rooted plants help to build soil porosity. Plant leaf-surface area helps to collect rainwater before it lands 
on the soil, especially in light rains, increasing the overall water-holding potential of the landscape. A 
single street tree can have a total leaf surface area of several hundred square feet, depending on species 
and size. This above ground surface area created by trees and other plants greatly contributes to the water-
holding capacity of the land. 

A large number of plant species will survive periodic inundation. These plants provide a wide range of 
choices for planted infiltration/detention basins and drainage swales. Most inundated plants have a higher 
survival potential on well drained alluvial soils than on fine-textured shallow soils or clays (Hinman 
2005). When designing landscapes for stormwater management, appropriate groundcover and plant 
species must be selected. Xeriscape plants, salt grass lawns, woody perennials, and cobbles can all be 
used, depending on the desired aesthetic effect. 

Selection of appropriate plant material for LID projects is dependent on several factors, these include: 

• Micro-climatic conditions of planting area (i.e., sun exposure, salinity, temperature highs and 
lows, prevailing winds). 

• Soil type (i.e., clay, sand, silt). 

• Drought or temporary inundation tolerance. 

• Plants ability to aid in the removal of contaminants. 

• Visual characteristics of plants (texture, color, form). 

• Maintenance requirements. 

• Noninvasive. 

• Disease resistance. 
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Final selection of plant material needs to be made by a landscape architect experienced with LID 
improvement projects. Water retention areas and bio-swales need to have access for periodic maintenance 
activities. 

For more information on plant species please see Appendix E. 

3.1.7.2 SOIL AMENDMENTS 
Development activities often remove, disturb, and compact topsoil on construction sites. Consequently, 
infiltration and water storage capacity of post-development soils decreases and stormwater runoff 
potential increases. In addition, soils in the arid climate of San Diego tend to lack organic matter and 
nutrients, and often have a high silt and clay content. Soils high in clay content have slow infiltration 
rates, resulting in a high runoff potential. Properly amending soils can increase their porosity and 
permeability, leading to increased infiltration and water storage capacity. Benefits accrued by enhanced 
infiltration include decreased stormwater runoff, decreased polluted runoff from landscaping practices, 
and improved water conservation. 

Organic soil amendments improve soils by increasing the water-holding capacity in sandy soils, 
improving the physical characteristics of clay soils by altering the soil structure and percolation rates, and 
by providing a steady supply of nutrients and organics to help remediate groundwater pollution. Properly 
prepared organic material can increase the microbial diversity in the soil and enhance plant health and 
immunity to disease. Composted products from licensed facilities are recommended, as these products 
have undergone a process to reduce pathogens and have a carbon: nitrogen ratio of less than 25:1. They 
can be tilled into the soil or can be applied as a top dressing to existing landscaped areas. 

Landscaped areas that include decorative turf grass are a major contributor to stormwater runoff 
contaminated by fertilizers and pesticides. In landscaped areas where soils have been compacted and not 
amended, soils can behave like impervious areas, generating considerable amounts of runoff. By properly 
amending soils, the runoff potential can be reduced. Amending soils also reduces irrigation needs, as 
water is more easily infiltrated into the ground and retained in the soil matrix where it can be used by 
plants. Fertilizer needs can also be reduced by incorporating appropriate soil amendments, thereby 
reducing stormwater pollution. 

3.1.7.3 STREET TREES 
Trees can be used as a stormwater management tool in addition to providing more commonly recognized 
benefits such as energy conservation, air quality improvement, and aesthetic enhancement. Tree surfaces 
(roots, foliage, bark, and branches) intercept, evaporate, transpire, store, or convey precipitation before it 
reaches surrounding impervious surfaces. In bioretention cells or swales, tree roots build soil structure 
that enhances infiltration capacity and reduces erosion (Street Tree Seminar, Inc. 1999). 

Local community planning areas often have specific guidelines for the type and location of trees planted 
along public streets or rights-of-way. The extent and growth pattern of the root structure must be 
considered when trees are planted in bioretention areas or other stormwater facilities with underdrain 
structures or near paved areas such as driveways, sidewalks, utilities, or streets. 
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3.2 STRUCTURAL IMP DESIGN 
LID site design concepts should be considered the first line of defense for stormwater management before 
structural IMPs are considered. By evaluating LID design options first, structural IMP sizing could 
potentially be reduced. Once a site configuration is optimized to reduce stormwater and pollutant sources, 
runoff from the remaining impervious surfaces should be intercepted and treated by structural IMPs 
installed throughout the watershed. Structural IMPs can be used in conjunction with LID design concepts 
to treat runoff near its source using one of three basic elements: infiltration, retention/detention, and 
biofiltration. The following section introduces structural IMPs that can be implemented either alone or in 
combination, depending on site and other conditions, to meet SUSMP (County of San Diego 2012) water 
quality and hydromodification criteria. All Priority Development projects are required to have at least one 
structural IMP that satisfies the requirements under the Permit for a treatment control IMP. 

The various categories or types of development listed in section 2 present unique challenges that make 
certain LID solutions appropriate for some types of development but not for others. For example, 
permeable pavement might be an effective and appropriate solution for a low-rise office building; 
however, in a high-rise residential or office building with underground parking and virtually no 
undeveloped areas, permeable pavement would not be an effective or appropriate solution. Additionally, 
downstream conditions on neighboring properties, manufactured slopes, the location of structures and 
utilities, and other design aspects of a project can present unique challenges for designers and engineers, 
making what are otherwise effective LID solutions inappropriate for the specific site. 

3.2.1 INFILTRATION IMPS 
Infiltration systems have been used by Caltrans and local jurisdictions in California for about three 
decades (CASQA 2003); however, heavy clay soils, formational materials, and rock sometime limit their 
local application. The basic design goal of infiltration systems is to provide opportunities for the majority 
of runoff from small storms to enter the soil rather than discharging directly into a surface water body. 
This is generally accomplished by retarding the flow of runoff and by bringing it into contact with the soil 
by holding it in basins or subsurface reservoirs. Infiltration can be ideal and economical for managing and 
conserving runoff near its source because it filters pollutants through the soil and restores natural flows to 
groundwater and downstream water bodies. 

Attenuating flow through infiltration, while allowing evaporation and evapotranspiration, is an effective 
stormwater management practice that helps to block the transport of pollutants to receiving waters. 
Infiltration systems are typically volume-based facilities designed to match pre-development condition 
infiltration rates and to infiltrate the design storm runoff volume into the soil. Infiltration practices can 
range from a single shallow depression in a lawn, to a treatment train comprised of a swale and 
bioretention area. Depending on configuration and type, treatment mechanisms include filtration, settling, 
straining, sorption, and biological transformations. 

Infiltration IMPs can be either open or closed. Open infiltration practices are usually vegetated – the 
vegetation maintains the porous soil structure, reduces erosion, and uses water through 
evapotranspiration. Xeriscaped rock-lined basins are also common but do not provide as many pollutant 
removal unit processes. Closed infiltration practices (such as infiltration trenches and permeable 
pavement) can be constructed under the land surface with washed, open graded crushed stone, leaving the 
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surface to be used for parking or other uses (see section 3.2.1.4 and Appendix A.3). Subsurface 
infiltration IMPs do not require planting, but are generally more difficult to maintain and more expensive 
than surface systems. For further discussion on infiltration and soil testing to ensure infiltration IMPs are 
suitable for proposed sites, refer to Appendix F for geotechnical considerations. 

3.2.1.1 BIORETENTION 
Bioretention systems are essentially surface and sub-surface water filtration systems. They function like 
sand filters; however, whereas sand filters provide water quality treatment via passage of stormwater 
through a sand medium, bioretention systems use both plants and underlying filter soils to remove 
contaminants and reduce stormwater runoff volumes. Due to the variety of treatment mechanisms at work 
within the system, bioretention areas consistently provide relatively high load reductions for most 
pollutants. Appendix G outlines bioretention soil media specifications designed to provide pollutant 
removal.  

Bioretention areas are typically planted 
with grasses, shrubs, and trees that can 
withstand short periods of saturation (i.e., 
12–96 hours) followed by longer periods 
of drought (Figure 3-12). In addition to 
transpiring significant stormwater 
volumes, vegetation can enhance pollutant 
removal, reduce soil compaction, and 
provide ecological and aesthetic value 
(Barrett et al. 2013; Hatt et al. 2009; Li et 
al. 2009). Vegetation adapted to the San 
Diego region is preferable for use in 
bioretention areas because native ecotypes 
can typically tolerate periods of extreme 
drought and can promote infiltration and 
evapotranspiration with their root systems. 
Bioretention vegetation can be chosen to mimic predevelopment communities while being aesthetically 
pleasing. Appendix E provides a plant list to guide vegetation selection. 

Hydrology 
Runoff from the contributing area is captured and temporarily stored in a shallow surface basin before 
infiltration. The captured runoff then infiltrates into the approximately 2- to 4-foot-deep bioretention soil 
media bed, which has an infiltration rate capable of draining the bioretention area within a specified 
design drawdown time (usually surface water should draw down in 12–24 hours, and subsurface water 
should drain in 48–96 hours). 

After the stormwater percolates through the soil media, it infiltrates into the underlying subsoil if site 
conditions allow for adequate infiltration rates (typically greater than 0.5 inches per hour). The volume-
reduction capability of bioretention areas can be enhanced by providing a gravel drainage layer beneath 
the bioretention area. When subsoil infiltration rates are slower than 0.5 inches per hour, filtered water is 
directed toward a stormwater conveyance system or other IMP via underdrain pipes. Volume reduction 

Location: 43rd Street and Logan Avenue San Diego, California. 

Figure 3-12. Bioretention area. 
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via partial infiltration and storage in the soil (approximately 20 to 70 percent, depending on soil 
conditions) can still occur when underdrains are present as long as an impermeable liner is not installed 
(Davis et al. 2012); partial infiltration occurs in those cases because some of the stormwater bypasses the 
underdrain and percolates into the subsoil (Davis et al. 2012; Hunt et al. 2006; Strecker et al. 2004). 

Underdrains should be modified when practicable to create a sump or internal water storage (IWS) zone 
by upturning or elevating the underdrain outlet—this enhances infiltration and pollutant load reductions 
while maintaining an aerated root zone for plant health (Brown and Hunt 2011). Bioretention areas should 
be lined with an impermeable barrier when conditions prevent infiltration (such as in clay soils or near 
building foundations and steep slopes). Moderate volume reduction can still be achieved by lined systems 
because significant stormwater volumes can be stored in the available pore space of the media to be used 
by vegetation between storm events (Davis et al. 2012; Li et al. 2009). 

Bioretention areas are designed to capture a specified design volume and can be configured as online or 
offline systems. Online bioretention areas require an overflow system for managing extra volume created 
by larger storms. Offline bioretention areas do not require an overflow system but do require some 
freeboard (the distance from the overflow device and the point where stormwater would overflow the 
system). Bioretention can also be designed for hydromodification control per SUSMP (County of San 
Diego 2012) requirements. Controlled experiments demonstrated reductions in peak discharge from fully 
lined (noninfiltrating) bioretention cells with as little as 2 feet of filter media (Li et al. 2010). Peak 
attenuation is most effectively achieved by infiltrating practices with high surface storage and media pore 
volume, and by pairing bioretention in a treatment train with a detention-type IMP (Brown et al. 2012; 
Davis et al. 2012; Hunt et al. 2012). 

Water Quality 
Bioretention areas provide comprehensive pollutant load reduction at various depths through physical, 
chemical, and biological mechanisms. Table 3-1 describes the effectiveness of bioretention for targeted 
management of specific water quality constituents. Infiltration provides the most effective mechanism for 
pollutant load reduction and should be encouraged where practicable. Treatment performance can also be 
enhanced (particularly for nitrogen, pathogens, and other pollutants that are removed by sorption) by 
installing deep media with slow infiltration rates (1 to 2 inches per hour) (Bright et al. 2010; Hathaway et 
al. 2011; Hunt et al. 2012; Hunt and Lord 2006; Rusciano and Obropta 2007). 

Applications 
Bioretention can be adapted and incorporated into almost any landscape. Common applications of 
bioretention include parking lot islands, areas along the perimeter of pavement, throughout landscaped 
areas, near roof downspouts, and along roadways. Examples of bioretention are provided in Figure 3-13 
to Figure 3-16. 
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Table 3-1. Pollutant removal characteristics of bioretention 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Sediment High 8.3 Settling in 
pretreatment and 
mulch layer, filtration 
and sedimentation in 
top 2 to 8 inches of 
media. 

1.5 feet Hatt et al. 2008; Hunt et 
al. 2012; Li and Davis 
2008; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Stander and Borst 2010; 

Metals High TCd: 0.94 
µg/L, TCu: 
7.67 µg/L, 
TPb: 2.53 
µg/L, TZn: 
18.3 µg/L 

Removal with 
sediment and sorption 
to organic matter and 
clay in media. 

2 feet Hsieh and Davis 2005; 
Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hunt et 
al. 2012 

Hydro-
carbons 

High N/A Removal and 
degradation in mulch 
layer. 

N/A Hong et al. 2006; Hunt et 
al. 2012 

Total 
phosphorus 

Medium 
(-240% to 
99%) 

0.09 Settling with sediment, 
sorption to organic 
matter and clay in 
media, and plant 
uptake. Poor removal 
efficiency can result 
from media containing 
high organic matter or 
with high background 
concentrations of 
phosphorus.  

2 feet Clark and Pitt 2009; Davis 
2007; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hsieh and Davis 2005; 
Hunt et al. 2006; Hunt 
and Lord 2006; ; Li et al. 
2010 

Total 
nitrogen 

Medium 
(TKN:  
-5% to 64%, 
Nitrate: 1% 
to 80%) 

TN: 0.90,  
TKN: 0.60, 

NO2,3-N: 0.22 

Sorption and setting 
(TKN), denitrification 
in IWS (nitrate), and 
plant uptake. Poor 
removal efficiency can 
result from media 
containing high 
organic matter. 

3 feet Barrett et al. 2013; Clark 
and Pitt 2009; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hunt et al. 2006; Hunt et 
al. 2012; Kim et al. 2003; 
Li et al. 2010; Passeport 
et al. 2009;  

Bacteria High Enterococcus: 
234 MPN/ 100 
mL, E.coli: 44 
MPN/100 mL 

Sedimentation, 
filtration, sorption, 
desiccation, predation, 
and photolysis in 
mulch layer and 
media.  

2 feet Hathaway et al. 2009; 
Hathaway et al. 2011; 
Hunt and Lord 2006; Hunt 
et al. 2008; Hunt et al. 
2012; Jones and Hunt 
2010;  

Thermal load High 68–75 °F Heat transfer at depth 
and thermal load 
reduction by volume 
reduction (ET and 
infiltration). IWS 
enhances thermal load 
reduction. 

4 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hunt et 
al. 2012; Jones and Hunt 
2009; Jones et al. 2012; 
Winston et al. 2011; 
Wardynski et al. 2013 

1 Underlined effluent concentrations were (statistically) significantly lower than influent concentrations, as determined by statistical 
hypothesis testing on the available sampled data. 
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Location: 805 and Bonita Road, Chula Vista, CA. 

Figure 3-13. Bioretention area treating highway and commercial roadway runoff. 
 

 
Location: County of San Diego Family Resource Center - Southeast, San Diego, California. Source: RBF Consulting. 

Figure 3-14. Bioretention parking lot island. 
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Location: Fallbrook, CA. 

Figure 3-15. Bioretention on the grounds of the Fallbrook Library. 
 

 
Location: North Carolina State University campus, Raleigh, NC. 

Figure 3-16. Parallel bioretention areas treat parking structure runoff conveyed by a concrete flume. 
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Appendix A outlines major design components and site considerations and describes the process for 
designing bioretention areas. For more information on bioretention please see Appendix A.1. 

3.2.1.2 BIORETENTION SWALES 
Bioretention swales are shallow, open, vegetated channels, often referred to as linear bioretention, that are 
designed to treat runoff primarily by filtration through soil media and infiltration. Bioretention swales can 
convey stormwater and can be used in place of traditional curbs and gutters; however, when compared 
with traditional conveyance systems, the primary objective of bioretention swales is to infiltrate and 
improve the quality of water rather than convey it (although bioretention swales can be designed to 
manage excessive flow). Bioretention swales can have ranges of design variations with or without check 
dams, subsurface storage media, and 
underdrains. Soil media, such as that 
used in bioretention areas, can be 
added to a bioretention swale to 
improve water quality, reduce the 
runoff volume, and modulate the 
peak runoff rate, while also 
conveying excess runoff . For further 
details on bioretention swale soil 
media, please refer to Appendix G 
for bioretention soil media 
specifications. Bioretention swales 
are typically planted with grasses, 
shrubs, and trees that can withstand 
short periods of saturation (12 to 96 
hours) followed by longer periods of 
drought (Figure 3-17). 

Hydrology 
Bioretention swales share the same functions as bioretention areas in that they are vegetated and mulched 
or grassed (i.e., landscaped) shallow depressions that capture and temporarily store stormwater runoff but 
are designed to be narrow and linear to fit within certain site constraints. The captured runoff infiltrates 
through the bottom of the depression and an approximately 2- to 4-foot-deep layer of soil media that has 
an infiltration rate capable of draining the bioretention area (to the bottom of the media) within a specified 
design drawdown time (usually within 48 hours). The soil media treats the stormwater using filtration, 
adsorption, and biological uptake. 

After the stormwater infiltrates through the soil media, it percolates into the underlying subsoil if site 
conditions allow for adequate infiltration and slope protection. If site conditions do not allow for adequate 
infiltration or slope protection, filtered water is directed toward a stormwater conveyance system or other 
IMP via underdrain pipes. 

Bioretention swales are designed to capture a specified design volume and can be configured as online or 
offline systems. Online bioretention swales require an overflow system for managing extra volume 
created by larger storms. Offline bioretention swales do not require an overflow system because higher 

 
Location: Harbor Drive, San Diego, California. 

Figure 3-17. Bioretention swale in median (rendering). 
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flows bypass once the bioretention swale fills to capacity. Offline bioretention swales require some 
freeboard (the distance from the overflow device and the point where stormwater would overflow the 
system). 

If an underdrain is not needed because infiltration rates are adequate and slope is not a concern, the 
remaining stormwater passes through the soil media and percolates into the subsoil. Partial infiltration 
(approximately 20 to 25 percent, depending on soil conditions) can still occur when underdrains are 
present as long as no impermeable barrier is between the soil media and subsoil. Partial infiltration occurs 
in such cases because some of the stormwater bypasses the underdrain and percolates into the subsoil 
(Hunt et al. 2006; Strecker et al. 2004). 

Water Quality 
Bioretention swales are volume-based IMPs intended primarily for water quality treatment and, 
depending on site slope and soil conditions, can provide high volume reduction. Where site conditions 
allow, the volume-reduction capability can be enhanced for additional volume reduction by omitting 
underdrains and providing a gravel drainage layer beneath the bioretention swale. 

Bioretention swales function like bioretention areas and remove pollutants through physical, chemical, 
and biological mechanisms. Although horizontal flow on the bioretention swale surface can strain some 
larger pollutants, SUSMP (County of San Diego 2012) criteria dictate that stormwater must percolate 
vertically through the soil media for treatment. Table 3-2 reports water quality performance for 
bioretention swales. 

Table 3-2. Pollutant removal characteristics of bioretention swales 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Sediment High 8.3 Settling in 
pretreatment and 
mulch layer, filtration 
and sedimentation in 
top 2 to 8 inches of 
media. 

1.5 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hatt et 
al. 2008; Hunt et al. 2012; 
Li and Davis 2008; 
Stander and Borst 2010;  

Metals High TCd: 0.94µg/L, 
TCu: 7.67µg/L, 
TPb: 2.53µg/L, 
TZn: 18.3 µg/L 

Removal with 
sediment and sorption 
to organic matter and 
clay in media. 

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hsieh 
and Davis 2005; Hunt et 
al. 2012 

Hydro-
carbons 

High N/A Removal and 
degradation in mulch 
layer. 

N/A Hong et al. 2006; Hunt et 
al. 2012 
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Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Total 
phosphorus 

Medium 
(-240% to 
99%) 

0.09 Settling with sediment, 
sorption to organic 
matter and clay in 
media, and plant 
uptake. Poor removal 
efficiency can result 
from media containing 
high organic matter or 
with high background 
concentrations of 
phosphorus.  

2 feet Clark and Pitt 2009; Davis 
2007; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hsieh and Davis 2005; 
Hunt et al. 2006; Hunt 
and Lord 2006; Li et al. 
2010 

Total 
nitrogen 

Medium 
(TKN: -5% 
to 64%, 
Nitrate: 1% 
to 80%) 

TN: 0.90,  
TKN: 0.60, 

NO2,3-N: 0.22 

Sorption and setting 
(TKN), denitrification 
in IWS (nitrate), and 
plant uptake. Poor 
removal efficiency can 
result from media 
containing high 
organic matter. 

3 feet Barrett et al. 2013; Clark 
and Pitt 2009; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hunt et al. 2006; Hunt et 
al. 2012; Kim et al. 2003; 
Li et al. 2010; Passeport 
et al. 2009;  

Bacteria High Enterococcus: 
234 MPN/100 
mL, E.coli: 44 
MPN/100 mL 

Sedimentation, 
filtration, sorption, 
desiccation, predation, 
and photolysis in 
mulch layer and 
media.  

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; 
Hathaway et al. 2009; 
Hathaway et al. 2011; 
Hunt et al. 2008; Hunt et 
al. 2012; Hunt and Lord 
2006; Jones and Hunt 
2010;  

Thermal load High 68–75 °F Heat transfer at depth 
and thermal load 
reduction by volume 
reduction (ET and 
infiltration). IWS 
enhances thermal load 
reduction. 

4 feet Hunt et al. 2012; Jones et 
al. 2012; Jones and Hunt 
2009; Wardynski et al. 
2013; Winston et al. 2011 

1 Concentrations are based on bioretention performance data. Underlined effluent concentrations were (statistically) significantly 
lower than influent concentrations, as determined by statistical hypothesis testing on the available sampled data. 

Applications 
Bioretention swales can be applied in situations similar to bioretention, including parking lot islands, 
along the perimeter of paved areas, throughout landscaped areas, near roof downspouts, and along 
roadways. Bioretention swales are well-suited to green street retrofit projects because of their narrow, in 
linear design. Examples of bioretention swales are provided in Figure 3-18 and Figure 3-19. 
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Location: Logan Avenue, San Diego, CA. 

Figure 3-18. Bioretention swale in median (rendering). 
 

 
Location: Fresh and Easy Neighborhood Market, Oceanside, California. 

Figure 3-19. Parking lot bioretention swales. 
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Appendix A outlines major design components and site considerations and describes the process for 
designing bioretention swales. For more information on bioretention swales please see Appendix A.2. 

3.2.1.3 PERMEABLE PAVEMENT 
Permeable pavements can infiltrate stormwater while simultaneously providing a stable load-bearing 
surface (Figure 3-20).  

While forming a surface suitable for walking and 
driving, permeable pavements also contain 
sufficient void space to infiltrate runoff into the 
underlying reservoir base course and soil. 
Permeable pavement can dramatically reduce 
impervious surface coverage without sacrificing 
intensity of use. 

The four main categories of permeable pavements 
include poured-in-place pervious concrete, 
permeable asphalt concrete, permeable pavers, 
and granular materials. All of these permeable 
pavements (except some low-traffic unit pavers) 
have the same type of reservoir base course (a 
layer of material directly under the surface layer). 
This base course provides a stable load-bearing surface as well as an underground reservoir for water 
storage, which eliminates the possibilities of mud, mosquitoes, and safety hazards that are sometimes 
perceived to be associated with ephemeral surface drainage. The base course can store large volumes of 
runoff, and can be linked to roof runoff collection systems when aboveground cisterns are not feasible. In 
Europe and Australia, subsurface reservoir layers have been used to store and reuse stormwater to offset 
nonpotable water demand and for geothermal heating and cooling. As with cisterns, proper precautions 
must be taken to prevent accidental ingestion of reused stormwater from a reservoir layer. 

The base course and reservoir layer must meet two critical requirements: 

• It must be open-graded, meaning that the particles are of a limited size range, so that small 
particles do not choke the voids between large particles. Open-graded crushed stone of all sizes 
has a 38 to 40 percent void space, allowing for substantial subsurface water storage (Ferguson 
1998). 

• It must be washed, angular crushed stone, not rounded river gravel. Rounded river gravel will 
rotate under pressure, causing the surface structure to deform. The angular sides of a crushed 
stone base will form an interlocking matrix, allowing the surface to remain stable. 

Depending on the use of the surface, additional base course aggregate might need to be added to support 
the intended load. This pertains to applications subject to heavy vehicle loads, but also applies for large 
areas where settling could result in unwanted puddles on surfaces, such as pedestrian walkways. 

When used properly, permeable pavement can facilitate biodegradation of oils from cars and trucks, help 
rainwater infiltrate soil, decrease urban heating, replenish groundwater, allow tree roots to breathe, and 

Location: Cottonwood Creek Park, Encinitas, CA. 

Figure 3-20. Example of pervious concrete. 
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reduce total runoff (Hansen 2005). Permeable pavement can be designed as a self-treating area or self-
retaining area per SUSMP (County of San Diego 2012) criteria. 

Hydrology 
Permeable pavement systems are designed to reduce surface runoff by allowing stormwater to infiltrate 
the pavement surface. While the specific design can vary, all permeable pavements have a similar 
structure consisting of a surface course layer and an underlying stone aggregate reservoir layer. Where 
soils permit, permeable pavement allows captured runoff to fully or partially infiltrate into underlying 
soils; where infiltration is restricted (such as in clay soils or near sensitive infrastructure), permeable 
pavement can be lined with an impermeable membrane and used as subsurface detention system to allow 
settling of fine solids and hydromodification control. 

Volume reduction primarily depends on the drainage configuration and subsoil infiltration capacities. 
Systems installed without underdrains in highly permeable soils can achieve practically 100 percent 
volume reduction efficiency (Bean et al. 2007). Systems installed in restrictive clay soils can still 
significantly reduce volume (Fassman and Blackbourn 2010; Tyner et al. 2009). The volume reduction 
can be further enhanced by treating the subgrade with scarification, ripping, or trenching (as discussed in 
section 4.1; Brown and Hunt 2010; Tyner et al. 2009), by omitting underdrains (where practicable), or by 
incorporating an IWS layer by upturning underdrain inverts to create a sump (Wardynski et al. 2013). 
Permeable pavement systems can also effectively attenuate peak flow by reducing overall runoff volumes, 
promoting infiltration, and increasing the lag time to peak discharge (Collins et al. 2008). 

Water Quality 
Permeable pavement systems, when designed and installed properly, consistently reduce concentrations 
and loads of several stormwater pollutants, including heavy metals, oil and grease, sediment, and some 
nutrients. The aggregate sub-base improves water quality through filtering and chemical and biological 
processes, but the primary pollutant removal mechanism is typically load reduction by infiltration into 
subsoils. Table 3-3 reports water quality performance of permeable pavement. 

Table 3-3. Pollutant removal characteristics of permeable pavement 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration  
(mg/L unless 
otherwise noted)1 Removal processes References 

Sediment High1 

(32% to 
96%) 

13.2 Settling on surface and in 
reservoir layer. 

Bean et al. 2007; CWP 2007; 
Fassman and Blackbourn 
2011Gilbert and Clausen 2006; 
MWCOG 1983; Pagotto et al. 2000; 
Roseen et al. 2009, 2011; Rushton 
2001; Schueler 1987; Toronto and 
Region Conservation Authority 
2007;  
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Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration  
(mg/L unless 
otherwise noted)1 Removal processes References 

Metals High 
(65% to 
84%) 

TAs: 2.50µg/L, 
TCd: 0.25µg/L, 
TCr: 3.73 µg/L, 
TCu: 7.83µg/L, 
TPb: 1.86µg/L, 
TNi: 1.71 µg/L, 
TZn: 15.0 µg/L 

Removal with sediment 
and possible sorption to 
aggregate base course. 

Bean et al. 2007; Brattebo and 
Booth 2003; CWP 2007; Dierkes et 
al. 2002; Fassman and Blackbourn 
2011; Gilbert and Clausen 
2006;MWCOG 1983; Pagotto et al. 
2000; Roseen et al. 2009, 2011; 
Rushton 2001; Schueler 1987; 
Toronto and Region Conservation 
Authority 2007;  

Hydro-
carbons 

Medium 
(92% to 
99%) 

N/A Removal in surface course 
and aggregate layer. 

Roseen et al. 2009, 2011 

Total 
phosphorus 

Low 
(20% to 
78%) 

0.09 Settling with sediment, 
possible sorption to 
aggregate, and sorption to 
underlying soils.  

Bean et al. 2007; CWP 2007; 
Gilbert and Clausen 2006; MWCOG 
1983; Roseen et al. 2009, 2011; 
Rushton 2001; Schueler 1987; 
Toronto and Region Conservation 
Authority 2007; Yong et al. 2011 

Total 
nitrogen 

Low 
(-40% to 
88%) 

TKN: 0.80, 
NO2,3-N: 0.71 

Setting, possible 
denitrification in IWS, 
sorption in underlying soils 
(TKN). 

Collins et al. 2010; CWP 2007; 
MWCOG 1983; Schueler 1987;  

Bacteria Medium N/A Sedimentation, filtration, 
sorption, desiccation, and 
predation in surface 
course and reservoir layer.  

Myers et al. 2009; Tota-Maharaj 
and Scholz 2010 

Thermal load Medium 58–73 °F Heat transfer at depth, 
thermal buffering through 
profile, and thermal load 
reduction by volume 
reduction (infiltration). IWS 
enhances thermal load 
reduction. 

Wardynski et al. 2013 

1 Run-on from adjacent surfaces with high sediment yield can cause premature clogging of the surface course or subsurface 
interface. Permeable pavement should not be used to treat runoff from pervious surfaces or other areas with high sediment yield. 
2 Underlined effluent concentrations were (statistically) significantly lower than influent concentrations, as determined by statistical 
hypothesis testing on the available sampled data. Effluent concentrations in italics were (statistically) significantly higher than 
influent concentrations. 

Types 

3.2.1.3.1 PERVIOUS CONCRETE 
Pervious concrete, also known as Portland cement pervious pavement, was developed in Florida in the 
1970s. Pervious concrete is a discontinuous mixture of coarse aggregate, hydraulic cement and other 
cementitious materials, admixtures, and water, which has a surface-void content of 15–25 percent, 
allowing water and air to pass through the pavement. 
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Pervious concrete, like other concretes, acts as a 
rigid slab. It has an open, rough appearance and 
provides a walking or riding surface similar to 
aggregate concrete (Figure 3-21). 

An aggregate base course can be added to increase 
total pavement thickness or hydraulic storage. 
Pervious concrete is an extremely permeable 
material: in tests by the Florida Concrete and 
Products Association, permeability of new surfaces 
has been measured as high as 56 inches per hour. 
With improper installation or mix, permeability can 
be reduced to 12 inches per hour. Even after 
attempts to clog the surface with soil by pressure 
washing, the material retained some permeability 
(Florida Concrete and Products Association, n.d.). Because of its porosity, pervious concrete pavements 
usually do not require curbs and gutters for primary drainage control. 

Pervious concrete might be suitable for light- to medium-duty applications such as residential access roads, 
residential street parking lanes, parking lots, overflow parking areas, utility access, sidewalks, bike paths, 
maintenance walkways/trails, residential driveways, stopping lanes on divided highways, and patios. 

3.2.1.3.2 PERMEABLE ASPHALT CONCRETE (AC) 
Permeable AC consists of an open-graded asphalt 
concrete over an open-graded aggregate base, over a 
draining soil. Unlike traditional asphalt concretes, 
permeable AC contains very little fine aggregate 
(dust or sand), and is comprised almost entirely of 
stone aggregate and asphalt binder. Without fine 
sediment filling the voids between larger particles, 
permeable AC has a void content of 12–20 percent, 
which makes it very permeable (Figure 3-22). 

In installations where permeable AC has been used 
over a permeable base, the pavement becomes an 
infiltration system which allows water to pass 
through the surface and collect in the open-graded 
aggregate base. This will achieve stormwater 
management without curb or gutter systems. In these sites, which mostly consist of parking lots and light 
duty roads, permeability has been maintained over long periods without special maintenance. On light 
duty streets built of permeable AC, some loss of porosity occurs in localized areas because of 
sedimentation or scuffing at intersections caused by repeated wheel turning, but the overall performance of 
the pavement is not significantly compromised (Ramsey et al. 1988). 

 
Location: Cottonwood Creek Park, Encinitas, California. 

Figure 3-21. Pervious concrete. 

Location: Flinn Springs County Park, El Cajon, California. 

Figure 3-22. Permeable asphalt concrete. 
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Permeable AC might be suitable for light- to medium-duty applications such as residential access roads, 
residential street parking lanes, parking lots, overflow parking areas, utility access, sidewalks, bike paths, 
maintenance walkways/trails, residential driveways, stopping lanes on divided highways, and patios. 
Permeable AC is widely used by Caltrans and transportation departments in Georgia, Texas, North 
Carolina, and Oregon as a wearing course (also known as a permeable friction course overlay) on 
freeways because its porosity creates a superior driving surface in rainy weather by allowing better 
drainage, traction, and visibility (Hansen 2005). These installations are always over an impermeable 
asphalt layer and are not permeable pavements, but have demonstrated effective pollutant removal 
capability (Caltrans 1995; Eck et al. 2012). Permeable AC overlays have also been used in heavy-use 
applications such as airport runways and highways because its porosity creates a favorable driving surface 
in rainy weather (Caltrans 1995). 

3.2.1.3.3 PERMEABLE PAVERS 
Permeable pavers are an alternative to conventional pavement and can create an opportunity for 
infiltration of stormwater runoff and groundwater recharge. For areas without heavy traffic, permeable 
pavers are an alternative to conventional asphalt and concrete. Permeable pavers are modular systems 
with pervious openings that allow water to infiltrate the surface. Runoff that percolates through the 
pavement profile is either detained in an underlying gravel bed, infiltrated into the underlying soil, or 
both. Types of permeable pavers include permeable interlocking concrete pavers, open cell unit pavers, 
and brick/natural stone pavers. These types are introduced in the following subsections. 

3.2.1.3.3.1 PERMEABLE INTERLOCKING CONCRETE PAVERS 
(PICP) 

Solid, pre-cast permeable interlocking concrete pavers (PICP) 
are available in a wide variety of colors, shapes, sizes, and 
textures (Figure 3-23). They are designed to be set on a 
bedding course of aggregate and form an interlocking 
pavement surface that can bear heavy traffic loads. Stormwater 
infiltrates the pavement profile through gravel-filled void 
spaces between the pavers. PICP is generally considered the 
industry-standard for permeable pavers because the structural 
design prevents shifting and rocking that can occur when using 
open cell unit pavers or brick/natural stone pavers. A 
monitored demonstration site of PICP at the San Diego County 
Operations Center detected no runoff from the pavers during 
the 2005–2006 and 2006–2007 wet seasons. PICP tend to have 
high abrasion resistance, and can be suitable in situations 
where vehicle turning may cause other permeable pavements 
to ravel. 

3.2.1.3.3.2 OPEN CELL UNIT PAVER 
Open celled unit pavers are available in either precast concrete or plastic and are filled with soil and 
typically planted with turf (Figure 3-24). They were developed in Germany in the 1960s to reduce the 
heat island effect of large parking areas and are now used throughout the world. The products vary in size, 
weight, surface characteristics, strength, durability, interlocking capabilities, proportion of open area per 

 
Location: Kellogg Park, La Jolla, California. 

Figure 3-23. Permeable interlocking 
concrete pavers. 
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grid, runoff characteristics, and cost. Laboratory tests have shown that open-celled units have runoff 
coefficients of from 0.05 to 0.35, depending on slope and surface configuration (Ramsey et al. 1988). 

When planted with turf, they are generally most 
successful in overflow parking areas, driveways, or 
emergency access roads. If installed in heavily used 
parking areas, the turf often does not get adequate 
sunlight and on heavily traveled roadways it can be 
worn away from tire abrasion. Open-celled unit 
pavers can also be filled with alternatives to turf 
which includes either inert gravel or a lower 
maintenance groundcover such as chamomile. These 
alternatives can absorb some traffic and might be 
more appropriate to meet the State Water 
Conservation goals in San Diego. Because of their 
irregular surface, open-celled unit pavers generally 
do not provide comfortable walking surfaces, 
though the degree of comfort varies depending on 
design. Furthermore, open cell unit pavers that do not interlock can shift and rock under traffic loading. 

Applications 
Permeable pavements can be used in a wide array of applications, including parking lots, parking lanes on 
light duty roads, pedestrian plazas, and alleys. Examples of permeable pavement in San Diego County are 
provided in Figure 3-25, Figure 3-26, and Figure 3-27. 

For more information on permeable pavement please see Appendix A.3. 

 
Location: Shelter Island, San Diego, California. 

Figure 3-24. Open cell unit pavers. 
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Location: Kellogg Park, La Jolla, California. 

Figure 3-25. Permeable interlocking concrete pavers. 
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Location: Flinn Springs County Park, El Cajon, California. 

Figure 3-26. Permeable asphalt concrete. 
 

 
Location: Filippis Pizza Grotto, San Diego, California. 

Figure 3-27. Pervious concrete. 
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3.2.1.4 ROCK INFILTRATION SWALE 
A rock infiltration swale functions like a 
bioretention swale except that the surface is 
covered by cobble instead of mulch (Figure 
3-28). Rock infiltration swales are flexible 
practices that can be incorporated 
throughout new or existing development 
and can also function as stormwater 
conveyance devices. Low-maintenance 
trees and shrubs can be planted in the soil 
media to improve function and aesthetics, 
but rock infiltration swales are typically 
implemented where conditions are too dry 
to support vegetation or where maintenance 
of vegetation is undesired. 

Hydrology 
Rock infiltration swales are shallow, often narrow, depressions that capture and temporarily store 
stormwater runoff. The captured runoff percolates through the bottom of the depression and an 
approximately 2- to 4-foot deep layer of soil media, which has an infiltration rate capable of draining the 
rock infiltration swale (to the bottom of the media) within a specified design drawdown time (usually 10 
to 48 hours). After the stormwater infiltrates through the media, it percolates into the subsoil, if site 
conditions allow for adequate infiltration and slope protection. If site conditions do not allow for adequate 
infiltration or slope protection, filtered water is directed toward a stormwater conveyance system or other 
stormwater runoff IMP via underdrain pipes. Rock infiltration swales can be designed to help meet 
hydromodification criteria and also for conveyance of higher flows. 

Rock infiltration swales are designed to capture a specified design volume and can be configured as 
online or offline systems. Online IMPs require an overflow system for managing extra volume created by 
larger storms. Offline IMPs do not require an overflow system but do require some freeboard (the 
distance from the overflow device and the point where stormwater would overflow the system) and a 
diversion structure. 

If an underdrain is not needed because infiltration rates are adequate and slope is not a concern, the 
remaining stormwater passes through the soil media and infiltrates into the subsoil. Partial infiltration 
(approximately 20 to 50 percent, depending on soil conditions) can still occur when underdrains are 
present as long as an impermeable barrier is not between the soil media and subsoil. Partial infiltration 
occurs in such cases because some of the stormwater bypasses the underdrain and percolates into the 
subsoil (Hunt et al. 2006; Strecker et al. 2004). 

Water Quality 
Rock infiltration swales are volume-based IMPs intended primarily for capture and infiltration of the 
design water quality treatment volume. These practices perform water quality functions similar to 
bioretention swales, with the exception that they do not typically allow for plant uptake because rock 

 
Location: Cottonwood Creek Park, Encinitas, California. 

Figure 3-28. Rock infiltration swale. 
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infiltration swales tend to be unplanted. Water quality improvement is accomplished through 
sedimentation, filtration, and adsorption associated with percolation of runoff through aggregate and 
underlying soil. Where site conditions allow, the volume-reduction and pollutant-removal capability of a 
rock infiltration swale can be enhanced to achieve additional credit toward meeting the volume-reduction 
requirement by omitting underdrains and providing a gravel drainage layer beneath the soil media. 
Table 3-4 reports water quality performance of rock infiltration swales. 

Table 3-4. Pollutant removal characteristics of rock infiltration swales 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise 
noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Sediment High 8.3 Settling in 
pretreatment and 
mulch layer, filtration 
and sedimentation in 
top 2 to 8 inches of 
media. 

1.5 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hatt 
et al. 2008; Hunt et al. 
2012; Li and Davis 2008; 
Stander and Borst 2010;  

Metals High TCd: 0.94µg/L, 
TCu: 7.67µg/L, 
TPb: 2.53µg/L, 
TZn: 18.3 µg/L 

Removal with 
sediment and 
sorption to organic 
matter and clay in 
media. 

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hsieh 
and Davis 2005; Hunt et 
al. 2012 

Hydro-
carbons 

High N/A Removal and 
degradation in mulch 
layer. 

N/A Hong et al. 2006; Hunt et 
al. 2012 

Total 
phosphorus 

Medium 
(-240% to 
99%) 

0.09 Settling with 
sediment, sorption to 
organic matter and 
clay in media, and 
plant uptake. Poor 
removal efficiency 
can result from media 
containing high 
organic matter or with 
high background 
concentrations of 
phosphorus.  

2 feet Clark and Pitt 2009; 
Davis 2007; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hsieh and Davis 2005; 
Hunt et al. 2006; Hunt 
and Lord 2006; Li et al. 
2010 

Total 
nitrogen 

Medium 
(TKN: -5% 
to 64%, 
Nitrate: 1% 
to 80%) 

TN: 0.90,  
TKN: 0.60, 

NO2,3-N: 0.22 

Sorption and setting 
(TKN), denitrification 
in IWS (nitrate), and 
plant uptake. Poor 
removal efficiency 
can result from media 
containing high 
organic matter. 

3 feet Barrett et al. 2013; Clark 
and Pitt 2009; 
Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hunt 
et al. 2006; Hunt et al. 
2012; Kim et al. 2003; Li 
et al. 2010; Passeport et 
al. 2009;  
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Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise 
noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Bacteria High Enterococcus: 
234 MPN/100 
mL, E.coli: 44 
MPN/100 mL 

Sedimentation, 
filtration, sorption, 
desiccation, 
predation, and 
photolysis in mulch 
layer and media.  

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; 
Hathaway et al. 2009; 
Hathaway et al. 2011; 
Hunt and Lord 2006; 
Hunt et al. 2008; Hunt et 
al. 2012; Jones and Hunt 
2010;  

Thermal 
load 

High 68–75 °F Heat transfer at depth 
and thermal load 
reduction by volume 
reduction (ET and 
infiltration). IWS 
enhances thermal 
load reduction. 

4 feet Hunt et al. 2012; Jones 
and Hunt 2009; Jones et 
al. 2012; Wardynski et 
al. 2013; Winston et al. 
2011;  

1 Concentrations are based on bioretention performance data. Underlined effluent concentrations were (statistically) significantly 
lower than influent concentrations, as determined by statistical hypothesis testing on the available sampled data. 

Applications 
Rock infiltration swales can be incorporated along roadways, along the perimeter of parking lots, and in 
areas of concentrated flow throughout the landscape. An example of a rock infiltration swale in San 
Diego County is provided in Figure 3-29. 

Appendix A outlines major design components and site considerations and describes the process for designing 
rock infiltration swales. For more information on rock infiltration swales please see Appendix A.4. 
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Location: Seaside Ridge Development, Encinitas, California. 

Figure 3-29. Rock infiltration swale. 

3.2.2 FILTRATION IMPS 
IMPs that do not incorporate infiltration as a primary design feature are known as filtration IMPs. These 
include planter boxes, vegetated roofs, and sand filters. Most infiltration IMPs (including bioretention, 
bioretention swales, and permeable pavement) can also be modified using an impermeable liner to 
perform as filtration IMPs. These practices should only be considered if on-site infiltration or retention 
practices are not feasible. 
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3.2.2.1 FLOW-THROUGH PLANTERS 
A flow-through planter is a concrete box 
containing soil media and vegetation that 
functions like a small bioretention area but is 
completely lined and must have an underdrain 
(Figure 3-30). Flow-through planters have been 
implemented around paved streets, parking lots, 
and buildings to provide initial stormwater 
detention and treatment of runoff. Such 
applications offer an ideal opportunity to 
minimize directly connected impervious areas in 
highly urbanized areas. In addition to stormwater 
management benefits, flow-through planters 
provide green space and improve natural 
aesthetics in tightly confined urban environments. 
The vegetation and soil media in the planter box 
provide functions similar to bioretention area. 
Refer to Appendix E for vegetation specifications and Appendix G for soil media details. 

Hydrology 
Flow-through planters are vegetated and mulched or grassed (i.e., landscaped), shallow depressions that 
capture, temporarily store, and filter stormwater runoff before directing the filtered stormwater toward a 
stormwater conveyance system or other IMP via underdrain pipes. The captured runoff infiltrates through 
the bottom of the depression and an approximately 2-to 4-foot deep soil media layer that has an 
infiltration rate capable of draining the planter box (to the bottom of the soil media) within a specified 
design drawdown time (usually 48 hours). The soil media provides treatment through filtration, 
adsorption, and biological uptake. Some volume reduction (15 to 20 percent) is possible through 
evapotranspiration and storage in the soil media (Hunt et al. 2006). Flow-through planters are typically 
planted with grasses, shrubs, and trees that can withstand short periods of saturation (10 to 24 hours) 
followed by longer periods of drought. Flow-through planters are ideal for treating cistern discharge 
where infiltration is restricted. 

Water Quality 
Flow-through planters are typically volume-based IMPs intended primarily for water quality treatment 
that can also provide some peak-flow reduction and volume reduction. Flow-through planters should be 
used only in place of bioretention areas where geotechnical conditions do not allow for infiltration. 
Although flow-through planters do not allow for infiltration into the sub-soils, they still provide functions 
considered fundamental for LID practices and meet SUSMP (County of San Diego 2012) requirements 
for water quality treatment. Flow-through planters remove pollutants through physical, chemical, and 
biological mechanisms. Specifically, they use sorption, microbial activity, plant uptake, sedimentation, 
and filtration, similar to bioretention areas. Flow-through planters are capable of consistent and high 
pollutant removal for sediment, metals, and organic pollutants (e.g., hydrocarbons). Current research 
shows that pollutant removal is possible with underdrains through the function provided at the surface and 
by the soil media. Table 3-5 reports the water quality performance of flow-through planters. 

 
Location: Downtown San Diego, California. 

Figure 3-30. Flow-through planter. 
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Table 3-5. Pollutant removal characteristics of flow-through planters 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise 
noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Sediment High 8.3 Settling in 
pretreatment and 
mulch layer, filtration 
and sedimentation in 
top 2 to 8 inches of 
media. 

1.5 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hatt 
et al. 2008; Hunt et al. 
2012Li and Davis 2008; 
Stander and Borst 2010 

Metals High TCd: 0.94µg/L, 
TCu: 7.67µg/L, 
TPb: 2.53µg/L, 
TZn: 18.3 µg/L 

Removal with 
sediment and 
sorption to organic 
matter and clay in 
media. 

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hsieh 
and Davis 2005; Hunt et 
al. 2012 

Hydro-
carbons 

High N/A Removal and 
degradation in mulch 
layer. 

N/A Hong et al. 2006; Hunt et 
al. 2012 

Total 
phosphorus 

Medium 
(-240% to 
99%) 

0.09 Settling with 
sediment, sorption to 
organic matter and 
clay in media, and 
plant uptake. Poor 
removal efficiency 
can result from media 
containing high 
organic matter or with 
high background 
concentrations of 
phosphorus.  

2 feet Clark and Pitt 2009; 
Davis 2007; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hsieh and Davis 2005; 
Hunt et al. 2006; Hunt 
and Lord 2006; Li et al. 
2010 

Total 
nitrogen 

Medium 
(TKN: -5% 
to 64%, 
Nitrate: 1% 
to 80%) 

TN: 0.90,  
TKN: 0.60, 

NO2,3-N: 0.22 

Sorption and setting 
(TKN), denitrification 
in IWS (nitrate), and 
plant uptake. Poor 
removal efficiency 
can result from media 
containing high 
organic matter. 

3 feet Barrett et al. 2013; Clark 
and Pitt 2009; 
Geosyntec Consultants 
and Wright Water 
Engineering 2012; Hunt 
et al. 2006; Hunt et al. 
2012; Kim et al. 2003; Li 
et al. 2010; Passeport et 
al. 2009;  

Bacteria High Enterococcus: 
234 MPN/100 
mL, E.coli: 44 
MPN/100 mL 

Sedimentation, 
filtration, sorption, 
desiccation, 
predation, and 
photolysis in mulch 
layer and media.  

2 feet Geosyntec Consultants 
and Wright Water 
Engineering 2012; 
Hathaway et al. 2009; 
Hathaway et al. 2011; 
Hunt and Lord 2006; 
Hunt et al. 2008; Hunt et 
al. 2012; Jones and Hunt 
2010;  
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Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise 
noted)1 Removal processes 

Minimum 
recommended 
media depth  
for treatment References 

Thermal 
load 

High 68–75 °F Heat transfer at depth 
and thermal load 
reduction by volume 
reduction (ET and 
infiltration). IWS 
enhances thermal 
load reduction. 

4 feet Hunt et al. 2012; Jones 
and Hunt 2009; Jones et 
al. 2012; Wardynski et 
al. 2013; Winston et al. 
2011;  

1 Concentrations are based on bioretention performance data. Effluent concentrations displayed in bold were (statistically) 
significantly lower than influent concentrations, as determined by statistical hypothesis testing on the available sampled data. 

Applications 
Flow-through planter boxes can be applied in situations where infiltrating bioretention is not feasible, 
including areas near buildings or in rights-of-way when utility conflicts restrict infiltration (Figure 3-31). 

 
Figure 3-31. Roadside flow-through planter. 

Appendix A outlines major design components and site considerations and describes the process for 
designing flow-through planter boxes. For more information on flow-through planter boxes please see 
Appendix A.5. 
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3.2.2.2 VEGETATED (GREEN) ROOFS 
Vegetated roofs reduce runoff 
volume and rates by intercepting 
rainfall in a layer of rooftop 
growing media (Figure 3-32). 
Captured rainwater then evaporates 
or is transpired by plants back into 
the atmosphere. Rainwater in 
excess of the media capacity is 
detained in a drainage layer before 
flowing to roof drains and 
downspouts. Vegetated roofs are 
highly effective at reducing or 
eliminating rooftop runoff from 
small to medium storm events, 
which can reduce downstream 
pollutant loads; however, vegetated 
roofs do not typically improve the 
quality of captured rainwater. 

In addition to stormwater volume reduction, vegetated roofs offer an array of benefits, including extended roof 
lifespan, improved building insulation and energy use, reduction of urban heat island effects, opportunities for 
recreation and rooftop gardening, noise attenuation, air quality improvement, wildlife habitat, and aesthetics. 
Vegetated roofs can be designed as extensive, shallow-media systems or intensive, deep-media systems 
depending on the design goals, roof structural capacity, and available funding. Extensive vegetated roofs in 
the San Diego region will likely require drip irrigation in the summer, but air conditioner condensate or 
harvested rainwater can be used for this purpose. Although commonly called green roofs, vegetated roofs 
need not be green year-round and are often planted with drought-tolerant desert plants. 

Hydrology 
The main benefits that vegetated roofs provide are significant rainfall volume retention and 
evapotranspiration, and reduced peak discharge from rooftops. While hydrologic performance of 
vegetated roofs varies with media and material type, roof pitch, vegetation, climate, and season, vegetated 
roofs tend to retain (on average) between 45 and 75 percent of annual rainfall (Berndtsson 2010). 
Vegetation has been shown to significantly enhance rooftop rainwater retention when compared with 
unplanted soil media, especially in the summer and in arid environments, although the majority of water 
retention and evaporation occurs in the soil media (Berndtsson 2010; Schroll et al. 2011; Wolf and 
Lundholm 2008). High runoff retention mimics evapotranspiration and canopy interception of natural 
systems, which shifts the urban water balance more toward predevelopment hydrologic conditions. 

Water Quality 
The body of knowledge surrounding vegetated roof effluent quality is limited. In general, vegetated roofs 
are expected to export higher phosphorus and nitrogen concentrations than measured in rainfall 
(Berndtsson 2010). This is mainly from release of nutrients from organic matter and fertilizers in the 

 
Location: County of San Diego Operations Center, San Diego, California. 

Figure 3-32. Extensive vegetated roof. 
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vegetated roof soil media. Nevertheless, overall nutrient loads can be reduced when water volume 
reduction is considered (Kohler et al. 2002). Vegetated roofs also tend to reduce heavy metal loads 
relative to incoming loads from precipitation (Berndtsson 2010). Vegetated roofs are considered self-
treating areas by the SUSMP (County of San Diego 2012); effluent does not require further treatment. 

Applications 
Vegetated roofs are applicable for structures with sufficient structural capacity. Examples of vegetated 
roofs in San Diego County are provided in Figure 3-33 and Figure 3-34. 

 
Location: Fallbrook Library in Fallbrook, California. 

Figure 3-33. Extensive vegetated roof. 
 

 
Location: La Mesa, California. 

Figure 3-34. Intensive plantings on the top level of a parking structure. 
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Appendix A outlines major design components and site considerations and describes the process for 
designing vegetated roofs. For more information on vegetated roofs please see Appendix A.6. Additional 
information can also be found in the Design Guideline and Maintenance Manual for Green Roofs in the 
Semi-Arid and Arid West (Tolderlund 2010). 

3.2.2.3 SAND FILTERS 
Sand filters have proven effective in removing several common pollutants from stormwater runoff. Sand 
filters generally control stormwater quality, providing very limited flow rate control (USEPA 1999). The 
purpose of sand filters is to manage the first flush, which typically contains the highest concentration of 
pollutants. 

Two strategies are available for incorporating sand filters into the site design. Surface sand filters 
(sometimes known as Austin sand filters) are open basins that allow sunlight penetration to enhance 
pathogen removal. Surface sand filters can be 
integrated into the site plan as recreational facilities 
such as volleyball courts or open space. The second 
option is a subsurface sand filter (sometimes known as 
a Delaware sand filter) which is a closed basin that can 
be easily incorporated belowground into the edge of 
parking lots and roadways (Figure 3-35). Subsurface 
sand filters require very little space in a site but 
generally have smaller drainage areas and can be more 
challenging to maintain. Both types of sand filter 
require some form of pretreatment (such as a filter strip, 
swale, forebay, or sedimentation chamber) to remove 
gross solids and larger particles. 

Hydrology 
Sand filters are filtering IMPs that remove trash and pollutants by passing stormwater vertically through a 
sand media. Sand filters are generally applied to land uses with a large fraction of impervious surfaces 
and ultra-urban locations. Although an individual sand filter can handle only a small contributing 
drainage area, multiple units can be dispersed throughout a large site. 

Sand filters are designed primarily for water quality enhancement; however, surface sand filters can store 
a substantial volume of water and be used for peak flow attenuation. Sand filters typically employ 
underdrain systems to collect and discharge treated stormwater but can also be designed as infiltration-
type systems when the soils have sufficient permeability or infiltration rates. Infiltration further enhances 
a sand filter’s ability to mitigate flood flows and reduces the erosive potential of urban runoff. 

Water Quality 
Sand filters are capable of removing a wide variety of pollutant concentrations in stormwater via settling, 
filtering, and adsorption processes. Sand filters have been a proven technology for drinking water 
treatment for many years and now have been demonstrated to be effective in removing urban stormwater 
pollutants including total suspended solids, particulate-bound nutrients, biochemical oxygen demand 

 
Location: San Antonio, Texas. 

Figure 3-35. Surface sand filter. 
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(BOD), fecal coliform, and metals (USEPA 1999). Sand filters are volume-based IMPs intended primarily 
for treating the water quality design volume. In most cases, sand filters are enclosed concrete or block 
structures with underdrains; therefore, only minimal volume reduction occurs via evaporation as 
stormwater percolates through the filter to the underdrain. Table 3-6 reports the water quality 
performance of sand filters. 

Table 3-6. Pollutant removal characteristics of sand filters 

Pollutant 

Typical literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes References 

Sediment High 
(74% to 95%) 

8.7 Settling in pretreatment and 
surface, filtration and 
sedimentation in media. 

Barrett 2003, 2008, 2010; 
Bell et al. 1995; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Horner and Horner 1995;  

Metals High 
(14% to 87% 

TAs: 0.87µg/L, 
TCd: 0.16µg/L, 
TCr: 1.02µg/L, 
TCu: 6.01µg/L, 
TPb: 1.69µg/L, 
TNi: 2.20µg/L, 
TZi: 19.9µg/L 

Removal with sediment 
(optional: sorption to organic 
matter and clay amendments 
in media). 

Barrett 2010; Geosyntec 
Consultants and Wright 
Water Engineering 2012 

Total 
phosphorus 

Low 
(-14% to 69%) 

0.09 Settling with sediment 
(optional: sorption to organic 
matter and clay amendments 
in media). Poor removal 
efficiency can result from 
media containing high 
organic matter or with high 
background concentrations of 
phosphorus.  

Barrett 2010; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hunt et al. 2012;  

Total 
nitrogen 

Low 
(20%) 

TN: 0.82,  
TKN: 0.57, 

NO2,3-N: 0.51 

Sorption and setting (TKN) 
and denitrification in IWS 
(nitrate). Poor removal 
efficiency can result from 
media containing high 
organic matter. 

Barrett 2008; Geosyntec 
Consultants and Wright 
Water Engineering 2012; 
Hunt et al. 2012;  

BOD High 
(-27% to 55%) 

N/A Sedimentation, filtration, and 
biodegradation.  

Barrett 2010 

Bacteria High (fecal 
coliform:  
-70% to 54%, 
fecal 
streptococcus: 
11% to 68%) 

Fecal coliform: 
542 

MPN/100mL 

Sedimentation, filtration, 
sorption, desiccation, 
predation, and photolysis in 
surface layer. 

Barrett 2010; Geosyntec 
Consultants and Wright 
Water Engineering 2012 

1 Underlined effluent concentrations were (statistically) significantly lower than influent concentrations, as determined by statistical 
hypothesis testing on the available sampled data. Effluent concentrations displayed in italics were (statistically) significantly higher 
than influent concentrations. 
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Applications 
Sand filters can be incorporated in many situations throughout the landscape, particularly in and around 
parking lots (Figure 3-36 and Figure 3-37).  

 
Location: San Carlos Recreation Area, San Diego, California. 

Figure 3-36. Surface sand filter with concrete energy dissipater (rendering). 
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Location: North Carolina State University, Raleigh, North Carolina. 

Figure 3-37. Subsurface sand filter in parking lot. 

Appendix A outlines major design components and site considerations and describes the process for 
designing sand filter. For more information on sand filters please see Appendix A.7. 

3.2.3 VOLUME-STORAGE AND REUSE IMPS 
Techniques used to capture and store runoff from rooftops and other surfaces can be used at many scales 
to meet hydromodification and water quality goals. On a smaller scale, properly sized rain barrels can be 
used to mitigate rooftop runoff from small residential dwellings and outbuildings. Cisterns (either surface 
or subsurface containers) and subsurface reservoir beds can be used for capturing and storing larger 
volumes of runoff from both rooftop and overland flow. Rainwater harvesting is most effective for 
hydrologic and water quality control if adequate capacity is available to capture the desired water quality 
volume—this is accomplished by slowly dewatering the temporary storage reservoir (preferably to 
irrigate a vegetated area or to offset other potable water uses) between storm events. 

3.2.3.1 CISTERNS AND RAIN BARRELS 
A cistern is an above-ground storage vessel with either a manually operated valve or a permanently open 
outlet (Figure 3-38). If the cistern has an operable valve, the valve can be closed to store stormwater for 
irrigation or infiltration between storms. This system requires continual monitoring by the resident or 
grounds crews, but provides greater flexibility in water storage and metering. If a cistern is provided with 
an operable valve and water is stored inside for long periods, the cistern must be covered to prevent 
mosquitoes from breeding. A cistern system with a permanently open outlet can also provide for metering 
stormwater runoff. If the cistern outlet is significantly smaller than the size of the downspout inlet  
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(e.g., ¼- to ½-inch diameter), runoff will build up 
inside the cistern during storms, and will empty 
out slowly after peak intensities subside. The 
cistern must be designed and maintained to 
minimize clogging by leaves and other debris. In 
the drier regions of the County, cisterns and rain 
barrels might only fill up a couple times a year 
and might be more practical when the system is 
supplemented with graywater from a County-
permitted graywater system. 

Hydrology 
Cisterns are typically placed near roof downspouts so that flows from existing downspouts can be easily 
diverted into the cistern. Runoff enters the cistern near the top and is filtered to remove large sediment 
and debris. Collected water exits the cistern from the bottom or can be pumped to areas more conducive 
for infiltration. Cisterns can be used as a reservoir for temporary storage or as a flow-through system for 
peak flow control. Cisterns are fitted with a valve that can hold the stormwater for reuse, or they release 
the stormwater from the cistern at a rate below the design storm rate. Regardless of the intent of the 
storage, an overflow must be provided if the capacity of the cistern is exceeded. The overflow system 
should route the runoff to an IMP for treatment or safely pass the flow into the stormwater drainage 
system. The overflow should be conveyed away from structures. The volume of the cistern should be 
allowed to slowly release, preferably into an IMP for treatment or into a landscaped area where 
infiltration has been enhanced. 

Cisterns have been used for millennia to capture and store water. Droughts in recent years have prompted 
a resurgence of rainwater harvesting technology as a means of offsetting potable water use. Studies have 
shown that adequately designed and used systems reduce the demand for potable water and can provide 
important hydrologic benefits (Vialle et al. 2012; DeBusk et al. 2012). Hydrologic performance of 
rainwater harvesting practices varies with design and use; systems must be drained between rain events to 
reduce the frequency of overflow (Jones and Hunt 2010). When a passive drawdown system is included 
(e.g., an orifice that slowly bleeds water from the tank into an adjacent vegetation bed or infiltrating 
practice), significant runoff reduction can be achieved (DeBusk et al. 2012). 

Water Quality 
Because most rainwater harvesting systems collect rooftop runoff, the water quality of runoff harvested in 
cisterns is largely determined by surrounding environmental conditions (e.g., overhanging vegetation, 
bird and wildlife activity, atmospheric deposition,), roof material, and cistern material (Despins et al. 
2009; Lee et al. 2012; Thomas and Greene 1993). Rooftop runoff tends to have relatively low levels of 
physical and chemical pollutants, but elevated microbial counts are typical (Gikas and Tsihrintzis 2012; 
Lee et al. 2012; Lye 2009; Thomas and Greene 1993). Physicochemical contaminants can be further 
reduced by implementing a first-flush diverter (discussed later); however, first-flush diverters can have 
little impact on reducing microbial counts (Lee et al. 2012; Gikas and Tsihrintzis 2012). 

The pollutant reduction mechanisms of rain tanks are not yet well understood, but sedimentation and 
chemical transformations area thought to help improve water quality. Despite limited data describing 

 
Location: San Pasqual Academy, Escondido, California. 

Figure 3-38. Rain barrels. 
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reduction in stormwater contaminant concentrations in cisterns, rainwater harvesting can greatly reduce 
pollutant loads to waterways if stored rainwater is infiltrated into surrounding soils using a low-flow 
drawdown configuration or when it is used for alternative purposes such as toilet flushing or vehicle 
washing. Rainwater harvesting systems can also be equipped with filters to further improve water quality. 

Applications 
A cistern typically holds several hundred to several thousand gallons of rainwater and come in a variety 
of sizes and configurations. Figure 3-39 shows a typical aboveground plastic cistern and Figure 3-40 
shows the same cistern with a wooden wrap. Cistern can also be decorative such as the one shown in 
Figure 3-41 at the Children’s Museum in Santa Fe, NM or be placed below ground as shown in Figure 
3-42. 

Smaller cisterns (fewer than 100 gallons), or rain barrels, can be used on a residential scale (Figure 3-43). 
Collected water can be used to supplement municipal water for nonpotable uses, primarily irrigation. 
Although useful for raising public awareness and for meeting basic irrigation needs, rain barrels do not 
typically provide substantial hydrologic benefits because they tend to be undersized relative to their 
contributing drainage area. Figure 3-44 shows rain barrels adequately sized for the contributing roof area. 

Appendix A outlines major design components and site considerations and describes the process for 
designing rainwater harvesting systems. For more information on cisterns please see Appendix A.8. 

 
Figure 3-39. Typical plastic cistern. 
 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE 93 

 

 
Figure 3-40. Wood wrapped cistern. 

 
Source: Santa Fe, New Mexico, Children’s Museum. 

Figure 3-41. Decorative cistern. 

Santa Fe, NM, Children’s Museum
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Figure 3-42. Below-ground cistern. 

 
Figure 3-43. Residential rain barrel. 
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Figure 3-44. Rain barrels adequately sized for contributing roof area. 

3.2.4 CONNECTIVITY IMPS 
IMPs that maintain slow, shallow, overland flow through vegetation or rocks can be used to remove 
sediment-associated pollutants by settling and straining. Examples include vegetated swales and vegetated 
filter strips. These practices are typically used for conveying runoff to other structural IMPs and for 
pretreatment. 

Shallow and low-velocity flows are generally achieved by grading the site and sloping pavement in a way 
that promotes sheet flow of runoff. The key concept is to move water slowly through vegetation at a 
shallow depth that optimizes residence time. The slow movement of runoff provides an opportunity for 
sediments and particulates to settle or be strained and subsequently degraded through biological activity 
(CASQA 2003). Connectivity IMPs should be vegetated (and/or rock-lined) with appropriate plant 
material such as xeriscape plants or salt grass to match the climate, soil conditions, and relevant 
landscaping requirements. In the dry arid regions of the County, rock swales and xeriscaping are 
appropriate to meet state water conservation goals. Furthermore, connectivity IMPs can be designed with 
soil amendments to allow for limited volume reduction and flow attenuation. 

3.2.4.1 VEGETATED SWALES 
Vegetated swales can be a particularly effective design strategy in large conventionally paved parking 
lots. Parking lot drainage can be integrated with landscaping to provide filtration, evaporation, infiltration 
and detention of stormwater (Figure 3-45). Swales provide low maintenance solutions and act as linear 
IMPs along the perimeter of the lot or along internal islands. Stormwater is directed to these linear  
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landscaped spaces and travels slowly over 
rocks and vegetated surfaces, reducing 
runoff velocities and allowing pollutants 
to settle out. Check dams or gravel weirs 
can also be added to swales to further 
slow and spread concentrated flows. 

Hydrology 
Vegetated swales are flow-based IMPs 
intended primarily for surface 
conveyance. Vegetated swales can help 
reduce the peak flow rate by increasing 
the site’s time of concentration (the 
minimum time before runoff is 
contributed from the entire drainage area) 
and providing marginal volume reduction 
through infiltration. Installation costs can 
be lower than conventional subsurface storm drain conduit. 

Water Quality 
Vegetated swales remove sediment and particulate-bound pollutants through physical processes of 
sedimentation and filtration through vegetation. Load reductions are primarily accomplished by reducing 
concentrations as runoff flows through the practice (as compared to load reductions accomplished by 
practices that reduce stormwater volume), particularly at sites with compacted clay soils. Although high 
sediment load reductions have been observed in well-constructed swales, performance is highly variable 
and generally depends on flow rate, particle settling velocity (as determined by particle size distribution), 
and flow length (Bäckström 2003; Bäckström 2006; Deletic and Fletcher 2006; Yu et al. 2001). The 
sediment load reductions tend to be primarily associated with coarser sediment particles (sand) that do not 
pose as great a threat to downstream aquatic life as finer sediment particles (Deletic 1999; Luell 2011; 
Knight et al. 2013). Because swales offer minimal contact between runoff and sorptive surfaces, dissolved 
constituents and metals that tend to be associated with finer sediment particles (such as dissolved copper 
and zinc) can be harder to remove (Zanders 2005). In some cases, swales have been shown to export 
heavy metals (Bäckström 2003). USEPA (2012) reports that swales typically export pathogens. To 
achieve optimal removal of fine sediment particles, minimum swale lengths of 246 feet and 361 feet have 
been recommended, along with residence times of 5 to10 minutes (Bäckström 2003; Yu et al. 2001; 
Claytor and Schueler 1996). Additionally, flow depth should not exceed the height of the vegetation. 
These design parameters can make swales difficult to implement for water quality improvement in areas 
with limited available footprint. Table 3-7 reports the water quality performance of swales. 

  

 
Location: Harbor Drive, San Diego, California. 

Figure 3-45. Vegetated swale in median (rendering). 
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Table 3-7. Pollutant removal characteristics of vegetated swales 

Pollutant 

Typical 
literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes References 

Sediment High 
(20% to 98%) 

13.6 Sedimentation and 
filtration. 

Deletic and Fletcher 2006, Yu et 
al. 2001, Bäckström 2003, 
Bäckström 2006, Geosyntec 
Consultants and Wright Water 
Engineering 2012 

Metals Medium TAs: 1.17µg/L,  
TCd: 0.31µg/L,  
TCr: 2.32µg/L,  
TCu: 6.54µg/L, 
TPb: 2.02µg/L,  
TNi: 3.16µg/L,  
TZi: 22.9µg/L 

Removal with sediment. Fassman 2012; Geosyntec 
Consultants and Wright Water 
Engineering 2012 

Total 
phosphorus 

Low 0.19 Settling with sediment 
and plant uptake. 

Deletic and Fletcher 2006; 
Geosyntec Consultants and 
Wright Water Engineering 2012 

Total 
nitrogen 

Low TN: 0.71,  
TKN: 0.62,  

NO2,3-N: 0.25 

Sedimentation (TKN) 
and plant uptake.  

Deletic and Fletcher 2006; 
Geosyntec Consultants and 
Wright Water Engineering 2012 

Bacteria Low (typically 
exports 
pathogens) 

E. coli: 4190 
MPN/100 mL,  

Fecal coliform: 
5000 MPN/100 

mL 

Limited sedimentation, 
desiccation, predation, 
and photolysis at 
surface.  

EPA 2012, Geosyntec 
Consultants and Wright Water 
Engineering 2012 

1 Concentrations are based on vegetated swale performance data. Underlined effluent concentrations were (statistically) significantly 
lower than influent concentrations, as determined by statistical hypothesis testing on the available sampled data. Effluent 
concentrations displayed in italics were (statistically) significantly higher than influent concentrations. 

Applications 
Swales can be used in many different settings for conveyance and limited treatment of runoff. Examples 
of vegetated swales in San Diego County are provided in Figure 3-46 and Figure 3-47. 
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Location: Torrey Del Mar Park, San Diego, California. 

Figure 3-46. Vegetated swale. 

 
Location: Balboa Mesa Shopping Center, San Diego, California. 

Figure 3-47. Vegetated Swale. 
 

For more information on swales please see Appendix A.9. 
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3.2.4.2 VEGETATED FILTER STRIPS 
Filter strips are areas of either planted or native 
vegetation, situated between a potential, pollutant-
source area and a structural IMP that receives runoff 
(Figure 3-48). The term buffer strip is sometimes used 
interchangeably with filter strip. Vegetated filter strips 
are broad-sloped, open vegetated areas that accept 
shallow runoff from surrounding areas as distributed or 
sheet flow. Vegetated filter strips can also be used to 
stabilize the banks of structural IMPs that receive 
overland sheet flow. 

Hydrology 
Filter strips are often used as pretreatment devices for other, larger-capacity IMPs such as bioretention 
areas. They assist by filtering sediment and associated pollutants before they enter the larger-capacity 
IMP, preventing clogging and reducing the maintenance requirements for the larger-capacity IMP. Filter 
strips provide an attractive and inexpensive vegetative IMP that can be easily incorporated into the 
landscape design of a site. Filter strips are commonly used in the landscape designs of residential, 
commercial, industrial, institutional, and roadway applications. They should be installed adjacent to the 
impervious areas that they are intended to treat. If installed for pretreatment of concentrated flows, 
concrete level spreaders or reverse slot drains should be used to redistribute flows and prevent preferential 
flow paths caused by erosion. Vegetated filter strips are flow-based IMPs that can, depending on site 
slope and soil conditions, provide limited volume reduction, peak flow mitigation, and can increase a 
site’s time of concentration. 

Water Quality 
Vegetated filter strips are well-suited for treating runoff from roads, highways, driveways, roof 
downspouts, small parking lots, and other impervious surfaces. They can also be used along streams or 
open vegetated waterways to treat runoff from adjacent riparian areas. In such applications, they are 
commonly referred to as buffer strips. Because of their limited ability to provide peak attenuation and 
their ability to decrease sediment loads, vegetated filter strips are often used as a pretreatment for other 
IMPs. They have not been widely accepted as primary IMPs because of the wide range of pollutant 
removal efficiencies (Schueler et al. 1992; Young et al. 1996). 

Although some assimilation of dissolved constituents can occur, filter strips are generally more effective 
in trapping sediment and particulate-bound metals, nutrients, and pesticides. Nutrients that bind to 
sediment include phosphorus and ammonium; soluble nutrients include nitrate. Biological and chemical 
processes could help break down pesticides, uptake metals, and use nutrients that are trapped in the filter. 
Vegetated filter strips also exhibit good removal of litter and other debris when the water depth flowing 
across the strip is below the vegetation height. Maintenance of vegetative cover is important to ensure that 
filters trips do not export sediment due to erosion of exposed ground (Winston et al. 2012). Table 3-8 
reports the water quality performance of vegetated filter strips. 

 
Figure 3-48. Vegetated filter strip. 
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Table 3-8. Pollutant removal characteristics of vegetated filter strips 

Pollutant 

Typical literature 
removal 
efficiency 

Median effluent 
concentration 
(mg/L unless 
otherwise noted)1 Removal processes References 

Sediment High 
(-195% to 91%) 

19.1 Sedimentation and filtration. Geosyntec Consultants and 
Wright Water Engineering 
2012; Knight et al. 2013; 
Winston et al. 2011;  

Metals Medium TAs: 0.94 µg/L, 
TCd: 0.18 µg/L, 
TCr: 2.73 µg/L, 
TCu: 7.30 µg/L, 
TPb: 1.96 µg/L, 
TNi: 2.92 µg/L, 
TZi: 24.3 µg/L 

Removal with sediment. Knight et al. 2013; Geosyntec 
Consultants and Wright 
Water Engineering 2012 

Total 
phosphorus 

Low 
(-126% to 40%) 

0.18 Settling with sediment and 
plant uptake. 

Geosyntec Consultants and 
Wright Water Engineering 
2012; Knight et al. 2013; 
Winston et al. 2011; 

Total 
nitrogen 

Low  
(TN: -17% to 
40%,  
TKN: -18% to 
39%,  
NO2,3-N:-18% to 
43%) 

TN: 1.13,  
TKN: 1.09,  

NO2,3-N: 0.27 

Sedimentation (TKN) and 
plant uptake.  

Geosyntec Consultants and 
Wright Water Engineering 
2012; Knight et al. 2013; 
Winston et al. 2011; 

Bacteria Low (likely 
exports 
pathogens) 

N/A Limited sedimentation, 
desiccation, predation, and 
photolysis at surface.  

USEPA 2012 

1 Underlined effluent concentrations were (statistically) significantly lower than influent concentrations, as determined by statistical 
hypothesis testing on the available sampled data. Effluent concentrations displayed in italics were (statistically) significantly higher 
than influent concentrations. 

Applications 
Vegetated filter strips can be used to pretreat runoff before it enters other IMPs, including along 
roadways, edges of parking lots, and downgradient of downspouts. An example of a vegetated filter strip 
is shown in Figure 3-49. 

For more information on vegetated filter strips please see Appendix A.10. 
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Location: Apex, North Carolina. 

Figure 3-49. Vegetated filter strip treats roadway runoff draining to a bioretention area. 
 

3.3 SELECTING STRUCTURAL IMPS 
Selecting the proper structural IMP type and location depends on site-specific precipitation patterns, soil 
characteristics, slopes, existing utilities, and any appropriate setbacks from buildings or other 
infrastructures. Furthermore, selecting applicable and feasible IMPs will depend on the type of project, its 
characteristics, pollutants of concern, and the planning elements associated with the project’s location. 

A general checklist for characterizing drainage areas is below: 

• Total area 

• Percent imperviousness (total and directly connected) 

• Soil characteristics, potential geotechnical hazards 

• Depth to water table 

• Topography, slope 

• Land cover and land use (existing and future) 

• Self-treating and self-retaining areas 

• Utilities, water supply wells 

• Development history and existing buildings 
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• Storm drainage systems, location of outfalls

• Projected roadway alignment modifications, roadway expansion

• Rainfall records and statistical analysis of storm characteristics and frequency

An IMP selection matrix is presented at the end of this section and is based on the site characteristics and 
potential functions of each IMP. The function and configuration that dictate IMP selection include 
tributary area, available site area for IMP implementation, slope, depth to seasonal high water table, soil 
characteristics and infiltration rates, setbacks, and pollutant reduction potential. 

The objectives of stormwater IMPs are to slow and filter runoff using natural features and to remove or 
significantly reduce pollutants in stormwater runoff. Infiltration and evapotranspiration, along with 
retention for reuse, offer additional benefits of the IMPs. Pollutants of concern include sand, silt, and 
other suspended solids; trash; metals such as copper, lead, and zinc; nutrients such as nitrogen and 
phosphorus; certain bacteria and viruses; and organics such as petroleum hydrocarbons and pesticides. 
The major unit processes for pollutant removal include sedimentation (settling), filtration and straining, 
biotransformation through plant uptake, ion exchange, adsorption/absorption, and bacterial 
decomposition. Floatable pollutants such as oil and debris can be removed by most practices that allow 
filtration/straining, but separator structures designed to skim pollutants from the top of the water or draw 
cleaner water from below the surface can also be used. Table 3-9 indicates the major or dominant unit 
processes used for pollutant removal and secondary and optional processes based on designs of IMPs that 
incorporate those unit processes. 

Table 3-9. Water quality unit processes for pollutant removal 

Pollutants 

Removal processes 

Settling 
Filtration/ 
straining Sorption Bioaccumulation 

Biotransformation/ 
phytoremediation 

Other (e.g., 
photolysis; 

volatilization) 
Sediment      

Nutrients      

Trash      

Metals      

Bacteria  ()    &  * 

Oil and grease      

Organics      

Pesticides      

Oxygen demanding 
substances      

Symbols:  major function;  secondary function;  insignificant function; ( ) optional function; & consumed by other organisms; 
* photolysis

Structural IMPs often provide multiple unit processes, depending on design. Table 3-10 shows the 
removal processes for each structural IMP type to be discussed in the following subsection, including the 
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major functions, followed by secondary and possible optional unit operations, depending on design. IMPs 
can be used singularly or in series with multiple IMP types integrated as management practices to achieve 
the desired level of pollutant removal. Many IMPs can be used as standalone controls to meet both the 
hydromodification plan and water quality criteria in the SUSMP (County of San Diego 2012). 
Alternatively, meeting targeted treatment objectives can be achieved using a series of stormwater 
treatment systems in a treatment train. That approach can apply to new designs and in retrofitting existing 
IMPs. Such systems can often be designed along rights-of-way, in parking lots, or incorporated into 
landscaped areas to fit in relatively small or long, linear areas. 

IMPs can be online or offline from the storm drainage systems, used singularly or in combination, or 
shared by multiple drainage areas, pursuant to local regulatory criteria (depending on project location and 
its jurisdiction), as outlined in Appendix A. 

Table 3-10. Hydrologic and water quality unit processes for structural IMPs 

Structural IMPs 

Hydrologic/ 
hydromodification processes Removal processes 
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Infiltration IMPs 

Bioretention  ()       () 

Bioretention swale () ()       () 

Permeable pavement  ()    ()   

Infiltration trench   ()      

Filtration IMPs 

Planter boxes  ()     () () () 

Vegetated (green) roof ()      () () 

Sand filter  ()    ()   () 

Volume-Storage and Reuse IMPs 

Cisterns/rain barrels         

Connectivity IMPs 
Vegetated swale () ()       

Vegetated filter strip         

Symbols:  major function;  secondary function;  insignificant function; ( ) optional function 

IMPs can be implemented in combination to provide the maximum potential treatment for a site 
configuration. For example, a treatment train can be designed so stormwater first flows across vegetated 
filter strips, then drains into a vegetated swale, and is then conveyed to a bioretention area that infiltrates and 



PAGE 104 CHAPTER 3. INTEGRATED MANAGEMENT PRACTICES 

filters it through a soil media. Such a treatment train can be integrated into the site to maximize hydrologic 
and water quality treatment using the unit processes of each IMP type. Effectiveness of individual or 
multiple integrated practices can be assessed in terms of removing substances or groups of pollutants. 

Identifying and selecting IMPs on the basis of the pollutant(s) of concern is a function of site constraints, 
properties of the pollutant(s) of concern, IMP performance, stringency of permit requirements, 
contributing land use, and watershed-specific requirements such as total maximum daily loads. Pollutants 
of concern are especially important in water quality-limited stream segments and must be carefully 
reviewed in relationship to unit processes and potential IMP performance. Potential pollutants from 
various land uses are provided in chapter 2 of the SUSMP (County of San Diego 2012); IMPs should be 
selected based on their capacity to remove these anticipated pollutants. 

3.3.1 IMP SELECTION MATRIX 
Table 3-11 is a tool to help project designers consider and select LID stormwater management practices 
according to site characteristics and constraints. Existing or expected site characteristics can be used to 
determine individual practices or a suite of practices that might be appropriate in site design. In addition, 
relative cost considerations can help project designers select specific IMPs, particularly between two or more 
IMPs that achieve the project’s goal and meet permit compliance requirements. Therefore, the table lists 
dollar signs as qualitative costs for a relative comparison between types of IMPs rather than actual values. 

Estimated costs in this table and in Appendix A.12 cover all components of construction and operation 
and maintenance for various-sized projects, but do not cover other conveyance needs that might be 
applicable. Cost estimates are based on the design standards recommended in Appendix A and can vary 
widely by the necessary configuration of the IMP and site constraints. These cost numbers are estimates 
and intended for planning purposes only. The project manager must refine these numbers throughout the 
phases of design to prepare a more accurate project construction estimate for bidding purposes. Cost 
estimates, particularly the maintenance costs, do not account for cost savings that result from using 
integrated practices (e.g., integrating bioretention areas into landscaping where the routine maintenance 
could be included in the budget for typical landscape maintenance). Including various sizes of projects in 
the maintenance costs attempts to include those costs in which an economy of scale has been observed. 
The sizes selected for this analysis were as follows: 

• Large IMP system = 4,000 square feet.

• Medium IMP system = 2,000 square feet.

• Small IMP system = 500 square feet.

These categories are based on typically sized IMPs. The IMP system can include the application of 
multiple IMPs implemented in a treatment train. Appendix A.12 also provides more detailed information 
on costs that are based on the frequency and type of maintenance required, such as routine maintenance 
(costs associated with maintenance required monthly, up to every 2 years), intermediate maintenance 
(costs associated with maintenance required every 6 to 10 years) and replacement maintenance (costs 
associated with replacing the system; estimated as a service life of 20 years). Table 3-11 does not include 
the more detailed frequency costs. 

Once individual or groups of IMPs have been selected using this matrix, consult Appendix A to develop 
detailed designs.
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Table 3-11. Structural IMP selection matrix according to site characteristics 

Attribute 

LID practice type 
Bioretoentiona Bioretention swale Permeable pavementb Rock 

infiltration 
swales 

Planter 
boxes 

Vegetated (green) 
roof 

Sand filter 
Vegetated filter 

strip Vegetated swale Cisterns/rain barrels (no UD) (UD) (no UD) (UD) (no UD) (UD) (no UD) (UD) 

2012 County SUSMP treatment control Yes Yes 

No Run-on:  
Self-Treating Area (No) 

Run-on:  
Self-Retaining Area (Yes) 

Yes Yes 
Self-Treating 

Area (No) 
Yes 

Pretreatment 
only (No) 

Yes (recommended for 
pretreatment only) 

Yes if combined w/ 
bioretention 

2012 County SUSMP hydromodification 
control 

Yes Yes Yes Yes Yes No No No No 
No, unless cistern is 

specially designed for 
HMP flow control 

Maximum allowable contributing 
drainage area (acres) 

< 5 < 2 

Self-Treating: No Run-on 
Self-Retaining: 

Contributing run-on 
drainage area to 

permeable pavement area 
ratio must be less 2:1 

< 2 < 5 
Rooftop (Self 
Treating Area) 

< 5 < 1 < 2 Rooftop 

Soil infiltration rate (inches/hour) > 0.5 < 0.5 > 0.5 < 0.5 > 0.5 < 0.5 > 0.5 N/A N/A > 0.5 < 0.5 N/A N/A N/A 

Water table separationc (feet) > 10 ≥ 2 > 10 ≥ 2 > 10 ≥ 2 > 10 N/A N/A > 10 ≥ 2 > 2 > 2 Below-grade tanks must 
be above the water table 

and bedrockd Depth to bedrock (feet) > 10 ≥ 2 > 10 ≥ 2 > 10 ≥ 2 > 10 N/A N/A > 10 N/A > 2 > 2 

IMP slope < 0.5% < 4% < 4% <4% < 0.5% < 45o < 6% < 6% < 4% N/A 

Pollutant removale 

Sediments High High High High High 

Pollutant 
removal of green 
roofs generally 
occur through 

stormwater 
volume 

reduction. 

High High Medium 

Pollutant removal 
provided by downstream 
IMP, refer to specific IMP 

for removal efficiency 
(although stormwater 
volume reduction can 
reduce total pollutant 
loads if rainwater is 

harvested and reused) 

Nutrients Medium Medium Low Medium Medium Low Low Low 

Trash High High High High High High High High 

Metals High High High High High High Medium Medium 

Bacteria High High Medium High High High Low Low 

Oil & grease High High Medium High High High Medium Medium 

Organics High High Low High High High Medium Medium 

Pesticides High High Medium High High High Medium Medium 
Oxygen 
demanding 
substances 

High High Medium High High 
High Medium Medium 

Runoff volume reduction High Medium High Medium High Medium High Low High Medium Low Low Low Medium 

Peak flow control Medium Medium Medium Medium Low Medium Medium Low Low Medium 

Groundwater recharge High Low High Low Medium Low High N/A N/A Medium Low Low Low Low 

Setbacks 
(feet) 

Structures > 10 > 10 > 10 > 10 N/A > 10 > 5 

Steep slopes > 50 > 50 > 50 > 50 N/A > 50 > 50 

Costsf 

Construction $ - $$ $ - $$ $$ - $$$ $ - $$ $$ $$$ $ - $$ $ $ $ - $$ 

O & M (small) $$ - $$$ $$ - $$$ $$ - $$$ $$ $$ $$ $$ - $$$ $$ $$ $$ 

O & M (medium) $ - $$g $ - $$f $$ $ - $$ $ - $$ $$ $$ $ $ - $$ $ - $$ 

O & M (large) $ - $$g $ - $$f $ - $$ $ - $$ $ - $$ $$ $$ $ $ - $$ $ - $$ 

Notes: UD = Underdrain; a If lined, see planter box column; b If lined, see sand filter with underdrain column; c Separation depth from bottom of IMP to water table; d For tank outlet and overflow; e Based on SUSMP pollutant grouping scheme; f Costs are relative, can be variable project to project, and are 
generalized. Please see Appendix A.12 for more specific cost information; g Based on necessary regular landscape maintenance already required. 
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3.3.2 MAXIMIZING MULTIPLE BENEFITS OF IMPS 
IMPs can provide excellent ecosystem services and aesthetic value to stakeholders. Bioretention areas can 
enhance biodiversity and beautify the urban environment with native vegetation. Permeable pavements 
inherently provide multi-use benefits because the facilities double as parking lots and transportation 
corridors. Harvesting rainwater provides an alternative nonpotable water source. The following 
components can be incorporated into IMPs to promote multi-use benefits: 

• Simple signage or information kiosks to raise public awareness of stormwater issues and educate
the public about the benefits of watershed protection measures; provide a guide for native plant
and wildlife identification.

• Volunteer groups can be organized to perform basic maintenance as an opportunity to raise public
awareness.

• Larger IMPs can be equipped with pedestrian cross-paths or benches for wildlife viewing.

• Sculptures and other art can be installed within the IMP and outlet structures or cisterns can
incorporate aesthetically-pleasing colors, murals, or facades.

• Vegetation with canopy cover can provide shade, localized cooling, and noise dissipation.

• Enhanced pavement textures, colors, and patterns can calm traffic, increase aesthetic appeal,
enhance pedestrian safety, and draw attention to multi-use stormwater practices.

• Bird and butterfly feeders can be used to attract wildlife to the IMPs.

• Ornamental plants can be cultivated along the perimeter and in the bed of vegetated IMPs
(invasive plants should be avoided).

• IMPs can function as irrigation beds for stormwater captured by other IMPs, such as rainwater
harvesting or the reservoir layer of permeable pavement.

• Using captured runoff as a nonpotable -water supply for flushing toilets, washing cars, filling
swimming pools, sweeping streets, and other uses.

• Permeable pavers can be selected to maintain the character of historic districts while providing
stormwater management solutions.

• Incorporating creative downspout designs for small practices (rain chains).
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4 IMPLEMENTATION CONSIDERATIONS 
Once integrated management practices (IMPs) have been selected, sited and designed, it is critical for 
IMP effectiveness that proper implementation be tracked, inspected and monitored. Construction errors 
that result in deviation from intended IMP designs can lead to failure or undermining of intended IMP 
functions. If IMPs are not adequately maintained, these functions can be similarly undermined, leading to 
shortened IMP life and reduced function, thus it is also important that IMPs are maintained and inspected 
on a regular basis. Additionally, monitoring of IMP hydrology and water quality is critical to evaluating 
IMP performance and compliance with pollutant load reduction and hydrologic attenuation requirements. 

This section outlines key considerations for implementation, maintenance and monitoring of successful 
and effective IMPs. This section also covers the importance of demonstration projects in ensuring the 
continual improvement of IMP planning, design and construction. 

4.1 IMP CONSTRUCTION 
Essential functions of structural IMPs can be compromised by common construction practices if soil is 
compacted by heavy equipment, if the area experiences erosion and sediment accumulation, or if work is 
performed in saturated conditions. Construction oversight and inspections by a qualified inspector 
familiar with the functions of structural IMPs are recommended for quality control and assurance. As part 
of construction oversight, inspectors should ensure that the proper erosion control practices are 
implemented in accordance with the Construction General Permit (Order 2012-0006-DWQ) as well as 
any other pertinent federal, state, and local regulations. 

Sensitive areas designated for protection should be delineated before grading and clearing starts; ideally, 
these restrictions should be indicated on the site plan. Areas of existing vegetation that are planned for 
preservation should be clearly marked with a temporary fence. If trees have been identified for 
preservation, equipment should be prohibited within the drip line to prevent root and trunk damage. 
Trenching and excavating should not occur within the drip line, and trenches outside, but adjacent to, the 
drip line should be filled in quickly to avoid root drying. 

Soil-disturbing activities at the construction site can increase erosion and sediment accumulation risks. 
Apply an effective combination of temporary soil erosion and sediment controls to minimize the 
discharge of sediments from the site or into a stormwater drainage system or natural receiving water. The 
California Stormwater Quality Association’s (CASQA’s) Construction BMP Handbook and Caltrans’ 
Construction Site Best Management Practices (BMPs) Manual provide detailed guidance and 
specifications for erosion and sediment control practices that apply to all construction sites. Properly 
applying the temporary controls (both on-site and for off-site parcels with the potential to contribute 
sediment) is essential and can help preserve the long-term capacity and functions of the permanent 
stormwater IMPs. Inspecting and maintaining these temporary controls are required, and will ensure that 
they remain effective. 

Proper construction sequencing can reduce the risk of clogging by excessive accumulation of fine 
particles in the soil media layers. During construction, the extent of disturbed, exposed soils should be 
limited to reduce the risk of erosion. Imported soil media should not be incorporated into IMPs until all 
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areas of the construction site are stabilized. Soil media should not be installed until at least the first course 
of asphalt (minimum 1 inch) has been set for roads and parking lots, which minimizes the amount of fines 
washed from the bedding layers into the IMP. A geotextile liner might not be sufficient to prevent fines 
from migrating into and clogging the soil media layer; for that reason, proper construction sequencing is 
crucial. Figure 4-1 and Figure 4-2 are examples of the fines that can accumulate and clog the soil media if 
proper construction sequencing is not followed. 

 
Figure 4-1. Example of a bioretention area installed before permanent site stabilization, with the inset 
photo showing the clay layer clogging the mulch surface. 
 

 
Source: NCSU-BAE. 

Figure 4-2. Accumulated fines layer as a result of improper construction sequencing. 
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Soil Media 
Layer 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE 119  

Construction specifications might include the following measures intended to protect the IMP while 
construction operations are underway: 

• Establish a protective zone around valued natural areas and trees that will be preserved. 

• Minimize the use of heavy equipment, especially in areas where infiltration IMPs will be. 

• Minimize soil disturbance and unprotected exposure of disturbed soils.  

• Expose only as much area as needed for immediate construction. 

• As areas are cleared and graded, apply appropriate erosion controls to minimize soil erosion. 

• Protect stormwater infiltration IMPs from unwanted sedimentation during the construction phase. 

• Provide a temporary outlet to convey runoff down slope with sediment traps at outlets and inlets. 

• Minimize the movement of soil into the drainage system. 

• Use sediment and erosion protection practices early in the site clearing and grading process to 
reduce the sediment-laden runoff reaching soils intended for future infiltration. 

• Protect future infiltration facilities from sediment from adjacent properties. 

Inspections of all construction phases are essential to ensure that IMPs are properly installed, especially 
when critical elements of a structural IMP are being installed, such as inverts, inlets, outlets, overflow, and 
underdrains. In the design notes, designers should stipulate whether the type of materials specified cannot be 
substituted because they might not perform as well (e.g., engineered media). If an element of a structural 
IMP system was not properly constructed or the wrong materials were used, the entire system could fail. 

Accurate grading of stormwater infrastructures, including structural IMPs and hardscape areas, is critical 
for ensuring that the water flows unimpeded and the IMP functions as intended. Research has shown that 
structural practices with insufficient storage capacity (whether because of carelessness when specifying 
outlet structure elevations or inaccurate grading) might not perform the functions for which they were 
installed (Brown and Hunt 2011; Luell et al. 2011). The designer and contractor should work together to 
ensure that the project is correctly built as planned. If necessary, arrange for appropriate training to occur 
before starting an IMP construction project and provide additional training on-demand during 
construction. Conduct a survey to verify that the intended average ponding depth has been provided 
(Figure 4-3); simply measuring the height of the outlet structure relative to the ground surface is 
inadequate (Wardynski and Hunt 2012). 

Construction activities inherently compact a site’s soils and can dramatically decrease infiltration rates. 
Contractors should be clearly instructed to minimize compaction by using tracked equipment, excavating 
the last 12 inches using a toothed excavator bucket, and by minimizing the number of passes over the 
proposed subgrade—and by operating the equipment outside of the IMP area where possible (Figure 4-4). 
Earth moving activities should take place during dry conditions, to the extent practicable, to reduce the 
occurrence of smearing the underlying soil surface, which can reduce soil permeability. To mitigate 
compaction and partly restore infiltration capacity to the underlying soil (for practices that are intended to 
infiltrate), the subgrade should be treated by scarification or ripping to a depth of 9 to 12 inches 
(Figure 4-5; Tyner et al. 2009). If the design infiltration rate is not restored after scarifying or ripping, 
trenches can be installed along the subgrade to enhance infiltration. Trenches should be constructed 1-
foot-wide by 1-foot-deep on 6-foot centers and filled with a 0.5-inch layer of washed sand, then topped 
off with pea gravel (Tyner et al. 2009). 
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Figure 4-3. Accurate grading and outlet elevations must be provided to achieve intended hydrologic 
and water quality functions. 
 

 

Figure 4-4. Heavy equipment (especially wheeled equipment) should be operated outside the 
excavated area to prevent compaction. 

 

 

Adequate surface ponding  
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Poorly installed outlet structure —
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Source: NCSU-BAE. 

Figure 4-5. For infiltrating practices, mitigate subsoil compaction by ripping grade to a  
depth of 12 inches. 
 

Many urban sites, especially retrofit conditions, have little or no organic material in the soil structure 
because they have been paved over for many years. Excavation also tends to unearth relatively infertile 
subsoils. A soil test can determine the suitability of site soils for plant growth, especially for practices 
where vegetation will be planted in excavated soils (such as stormwater wetlands). Amendment with 2 to 
4 inches of topsoil could be required to improve plant establishment. Information on specific soil media 
requirements for each respective IMP is included in Appendix A. 

In summary, some key items to be aware of when inspecting for proper IMP installation are: 

• Instruct contractors to minimize compaction by using tracked equipment, excavating the last 12 
inches using a toothed excavator bucket, minimizing the number of passes over the subgrade, and 
operating the equipment outside of the IMP area where possible. 

• Check as-built conditions of inverts, inlets, outlets, overflow, and underdrains with IMP plans and 
details.  

• Ensure that design notes stipulate whether the type of materials specified cannot be substituted. 

• Survey as-built conditions and compare with IMP plans to ensure accurate grading of stormwater 
infrastructures, including structural IMPs and hardscape areas as well as to ensure that the 
intended ponding depth has been provided. 
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• As necessary, arrange for appropriate training on proper methods to ensure intended IMP function 
and effectiveness is achieved, to occur before starting an IMP construction project and provide 
additional training on-demand during construction. 

4.2 IMP OPERATION, MAINTENANCE AND INSPECTION 
To sustain the effectiveness and function of structural IMPs and comply with a project’s Maintenance 
Plan (to be prepared in accordance with chapter 5 of the SUSMP (County of San Diego 2012) regular 
maintenance and inspections are essential.  

Operation and Maintenance 
The major goal of IMP operation and maintenance is to ensure that the IMP is meeting the specified design 
criteria for stormwater flow rate, volume, and water quality control functions. If structural LID systems are 
not properly maintained, IMP effectiveness can be reduced, resulting in water quality impacts. Routine 
maintenance and any need-based repairs for a structural IMP must be completed according to schedule or 
as soon as practical after a problem is discovered. Deferred IMP maintenance could result in detrimental 
effects on the landscape and increased potential for water pollution and local flooding. 

Training should be included in program development to ensure that maintenance staff has the proper 
knowledge and skills. Most structural IMP maintenance work—such as mowing, removing trash and 
debris, and removing sediment—is nontechnical and is already performed by property maintenance 
personnel. More specialized maintenance training might be needed for more sophisticated systems.  

Typical IMP maintenance activities include periodic inspection of surface drainage systems to ensure 
clear flow lines, repair of eroded surfaces, adjustment or repair of drainage structures, soil cultivation or 
aeration, care of plant materials, replacement of dead plants, replenishment of mulch cover, irrigation, 
fertilizing, pruning and mowing. Landscape maintenance can have a significant impact on soil 
permeability and its ability to support plant growth. Most plants concentrate the majority of their small 
absorbing roots in the upper 6 inches of the soil surface if the surface is protected by a mulch or forest 
litter. If the soil is exposed or bare, it can become so hot that surface roots will not grow in the upper 8 to 
10 inches. The common practice of removing all leaf litter and detritus with leaf blowers creates a hard 
crusted soil surface of low permeability and high heat conduction. Proper mulching of the soil surface 
improves water retention and infiltration, while protecting the surface root zone from temperature 
extremes (Hinman 2005).  

In addition to impacting permeability, landscape maintenance practices can adversely affect water quality. 
Because commonly used fertilizers and herbicides are a source of toxic compounds, use of these 
substances should be kept to a minimum. Overwatering, which can be a significant contributor to runoff 
and dry weather flows, should be prevented. Watering should only occur to accommodate plant health 
and should be adjusted at least four times a year. Whenever practical, use weather-based irrigation 
controllers and follow real-time evapotranspiration (plant water use) data from the California Irrigation 
Management Information System (CIMIS) from the Department of Water Resources. Organic methods 
for fertilizers and pest control (including Integrated Pest Management) should be used.  

General maintenance activities for the two major categories of structural facilities (infiltration and 
biofiltration/filtration) are as follows: 
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Infiltration IMPs 
• Mowing and maintaining upland vegetated areas if applicable. 

• Cleaning and removing debris after major storm events. 

• Cleaning out accumulated sediment. 

• Repairing or replacing stone aggregate. 

• Maintaining inlets and outlets. 

• Removing accumulated sediment from forebays or sediment storage areas when 50 percent of the 
original volume has been lost. 

Biofiltration and Filtration IMPs 
• Removing trash and debris from control openings. 

• Watering and mowing vegetated areas. 

• Removing and replacing all dead and diseased vegetation. 

• Stabilizing eroded side slopes and bottom. 

• Repairing erosion areas. 

• Mulching void areas if needed. 

• Maintaining inlets and outlets. 

• Repairing leaks from the sedimentation chamber or from deteriorating structural components. 

• Removing the top few inches of media and cultivating the surface when the filter bed is clogged. 

• Cleaning out accumulated sediment from the filter bed once depth exceeds approximately one-
half inch or when the filter layer no longer draws down within 24 hours. 

In regions where dry and wet seasons are clearly distinguished, as is the case in San Diego County, 
conducting special maintenance activities before spring and fall storms can help to prevent increased 
erosion. If an IMP does not meet the specified design criteria, it must be repaired, improved, or replaced 
before a wet season starts. Any accumulated sediment and trash should be removed to maximize the 
performance of the facility throughout the following wet season. Any disturbed area that is not actively 
being graded must be fully protected from erosion. 

Detailed descriptions of operation and maintenance for specific types of LID IMPs are in Appendix A and 
general maintenance issues are presented in the following sections. 

4.2.1 BIORETENTION 
Maintenance activities for bioretention units should focus on the major system components, especially 
landscaped areas. Bioretention landscape components should blend over time through plant and root 
growth, organic decomposition, and natural soil horizon development. Those biological and physical 
processes over time will lengthen the facility’s life span and reduce the need for extensive maintenance. 

Irrigation of vegetated areas might be needed during the plant establishment period. During extended 
drought, temporary supplemental irrigation could be used to maintain plant vitality. Irrigation frequency 
will depend on the season and type of vegetation. Native plants generally require less irrigation than 
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nonnative plants and should be incorporated into site designs where feasible. Controlled drainage can also 
be used to manage soil moisture by selectively elevating the underdrain outlet in dry periods; this will 
result in greater soil moisture retention between rainfall events. The underdrain outlet should always be 
no less than 18 inches below the soil surface to prevent saturation of the plant rooting zone. 

Routine maintenance should 
include a twice-yearly 
evaluation of the trees and 
shrubs and subsequent removal 
of any dead or diseased 
vegetation (USEPA 1999). 
Corrective actions should be 
taken to remove areas of 
standing water in the IMP to 
restore proper infiltration rates 
and prevent mosquito and other 
vector habitat formation. To 
maintain the treatment area’s 
appearance, pruning and 
weeding might be necessary. 
Replace mulch for aesthetics or 
when erosion is evident. 
Depending on pollutant loads, 
soil media might need to be 
replaced within 5 to 10 years of 
construction (USEPA 2000). 

Stabilizing the area around the 
bioretention area can reduce 
maintenance by reducing the sediment 
flowing into the IMP. Figure 4-6 
shows an example of how a 
bioretention area can become clogged 
with sediment if the surrounding area 
is not properly stabilized. Proper 
design of inlet systems can also reduce 
maintenance requirements by 
preventing trash and other gross solids 
from entering the bioretention area. In 
some cases, the inlet design will allow 
trash and gross solids to collect by the 
street for easy removal by a street 
sweeper or maintenance crew 
(Figure 4-7). 

Source: NCSU-BAE. 

Figure 4-6. Bioretention area clogged with sediment. 

 
Source: Portland BES. 

Figure 4-7. Inlet sump to remove gross solids. 
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4.2.2 BIORETENTION SWALES 
The maintenance objectives for bioretention swale systems consist of optimizing stormwater conveyance 
capacity, runoff volume control, and pollutant removal efficiency. To meet those objectives, a consistent 
ground cover must be maintained in the channel. Maintenance activities involve replacing or 
redistributing mulch, mowing (where appropriate), controlling weeds, irrigating during drought 
conditions, reseeding or sodding bare areas, and clearing debris and blockages. Vegetation should be 
managed on a regular schedule during the growth season to maintain adequate coverage. Accumulated 
sediment should also be removed manually to avoid concentrated flow. Fertilizer and pesticides should be 
applied only when plants are becoming established. Irrigation might be needed to maintain plant vitality, 
especially during plant establishment or in periods of extended drought. Irrigation frequency will depend 
on the season and type of vegetation. Native plants require less irrigation than nonnative plants and 
should be incorporated into site designs where feasible. Bioretention swales should be designed to 
minimize flow and prevent the type of erosion shown in Figure 4-8. Excessive flows should be diverted to 
prevent erosion and minimize maintenance 

 
Figure 4-8. Erosion caused by excessive flows in a bioretention swale. 
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4.2.3 PERMEABLE PAVEMENT 
The main goal of the maintenance 
program for permeable pavement is 
to prevent clogging by fine 
sediment particles tasks (Figure 
4-9). The primary maintenance 
requirements include regular 
inspections as well as a 
combination of preventative tasks, 
including timely removal of debris 
(e.g., leaf litter, acorns, grass 
clippings, mulch) and stabilizing 
surrounding areas. To maintain the 
infiltrative capacity of permeable 
pavements, vacuum sweeping 
should be performed at least twice 
per year. Frequency of vacuum 
sweeping should be adjusted 
according to the intensity of use 
and deposition rate on the 
permeable pavement surface. 
Settled paver block systems might 
require resetting. When modular 
pavements incorporate turf into 
their void area, normal turf 
maintenance practices, including 
watering, fertilization, and mowing, 
might be required (FHWA 2002). 

For proper performance, 
maintenance staff must ensure that 
stormwater is infiltrating properly 
and is not standing or pooling on the surface of the permeable pavement. Standing water can indicate 
clogging of the void space. In such cases, vacuuming is necessary. If ponding still occurs, it might be 
necessary to inspect the media sub layer and possibly the underdrain. 

4.2.4 INFILTRATION TRENCHES 
The primary maintenance requirement for infiltration trenches involves inspecting and removing sediment 
and debris accumulation to prevent clogging. In addition to reduced water quality performance, standing 
water caused by clogged infiltration trenches can become a nuisance and harbor mosquito breeding. The 
pretreatment device must also be inspected, repaired, and maintained as needed. If a vegetated 
pretreatment is used, periodically mow the areas to maintain the grass height at an equal or greater height 
of the design flow depth. Accumulated debris must be removed monthly from the infiltration trench 
surface and the pretreatment areas. 

 
Figure 4-9. Plant growth, debris buildup, and puddles indicate 
that permeable pavement is clogging. Prompt maintenance 
should be performed to prevent joints from fully sealing. 
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4.2.5 PLANTER BOXES 
General maintenance requirements for planter boxes are the same as the routine periodic maintenance of 
any landscaped areas or bioretention IMPs. The primary maintenance requirement for planter boxes is 
inspection of the vegetation and soil media. Regularly remove any accumulated trash and sediment in the 
device, especially after large storms, and inspect soils to evaluate root growth and channel formation in 
the soil media. 

4.2.6 GREEN ROOFS 
Operating and maintaining green roofs primarily involves maintaining drainage structures and vegetation. 
Roof drains, gutters, and downspouts should be routinely inspected for clogging. If excess material tends 
to build up around drainage structures, the source of the problem should be remediated. To prevent 
vegetation from growing too close to roof drains and to identify roof drains for maintenance personnel, a 
circle of white gravel can be placed around the drain to designate a no plant zone as shown in 
Figure 4-10. Vegetation should be inspected periodically, especially during prolonged dry weather, to 
determine irrigation needs and general health. Periodically inspecting growing media and underlying 
drainage layers might also be necessary for extensive green roofs to ensure that reservoir layers are not 
filling with sediment deposits or extensive root networks. Intensive green roofs could require pruning and 
mowing, depending on vegetation type. As with all IMPs, appropriate health and safety protocols should 
always be followed when inspecting and maintaining green roofs. Foot traffic should be limited, to the 
extent practicable, to reduce plant damage. 

 
Figure 4-10. No plant zone for a green roof. 
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4.2.7 SAND FILTER 
The primary maintenance requirement for sand filters is to remove trash, accumulated sediment, and 
media contaminated with hydrocarbons. If the filter does not drain within 48 hours, or if sediment has 
accumulated to a depth of 6 inches, the top layer (1 to 3 inches) of sand (media) must be replaced. 

4.2.8 CISTERNS AND RAIN BARRELS 
General maintenance activities for cisterns and rain barrels are similar to the routine periodic maintenance 
for on-site drinking water wells. The primary maintenance requirement is to inspect the tank and 
distribution system and test any backflow-prevention devices. Rain barrels require minimal maintenance 
several times a year and after major storms to prevent any clogging. Cisterns also require inspections for 
clogging and structural soundness twice a year, including inspection of all debris and vector control 
screens. If a first-flush diverter is used, it should be dewatered and cleaned between each significant storm 
event. Self-cleaning filters and screens, such as the ones shown in Figure 4-11, can help prevent debris 
from entering the cistern and reduce maintenance. Accumulated sediment in the tank must be removed at 
least once a year. 

 
Figure 4-11. Self-cleaning inlet filters. 

 
 

 

4.2.9 VEGETATED SWALES 
The maintenance objectives for vegetated systems include optimizing filtration and stormwater 
conveyance capacity. To meet those objectives, a dense, healthy vegetative cover must be maintained in 
the channel. Maintenance activities involve mowing, controlling weeds, irrigating during drought 
conditions, reseeding bare areas, and clearing debris and blockages. Manage vegetation on a regular 
schedule during the growth season to maintain adequate coverage. Accumulated sediment should also be 
removed manually to avoid concentrated flow. Minimize fertilizer and pesticide application, possibly to 
periods of plant establishment only. Irrigation might be needed to maintain plant vitality, especially 
during plant establishment or in periods of extended drought. Irrigation frequency will depend on the 
season and type of vegetation. Native plants require less irrigation than nonnative plants and should be 
incorporated into site designs where feasible. 
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4.2.10 VEGETATED FILTER STRIPS 
Vegetated filter strips require minimal maintenance, with the majority of maintenance satisfied through 
mowing. Mowing, for safety and aesthetics or to suppress weeds and woody vegetation, might be 
necessary once or twice a year. Primary maintenance activities are similar to other vegetated areas. 
However, gravel diaphragms or verges could require the removal of encroaching grass and sediment.  

Irrigation might be needed to maintain plant vitality, especially during plant establishment and extended 
periods of drought. Irrigation frequency can be determined—as with other turf management—on the basis 
of the season and type of vegetation. Native plants often require less irrigation than nonnative plants and 
are recommended when feasible. 

Trash tends to accumulate in strip areas, especially along roadways. The need for litter removal should be 
determined through periodic inspections, but litter should always be removed before mowing. 

Inspections 
Inspections should be conducted both routinely and as needed to ensure the ongoing success of the above 
maintenance activities. As-needed inspection and corresponding maintenance should be conducted after 
major storms. Routine activities, performed regularly (e.g., monthly), ensure that the IMP is in good 
working order and continues to be aesthetically pleasing. Routine inspection is an efficient way to prevent 
potential nuisance situations from developing and reduce the need for repair or maintenance. Routine 
inspection reduces the chance that polluted stormwater runoff will leave the site because problems can be 
quickly identified and corrected. Property maintenance personnel should be instructed to inspect IMPs 
during their normal routines. The project Maintenance Plan, required by the SUSMP (County of San 
Diego 2012), specifies the schedule and task required for IMP inspection. 

In addition to regularly scheduled inspections, all IMPs should be inspected after any event or activity 
that could damage the IMP, particularly after every large storm event. Post-storm inspections should 
occur after the expected drawdown period for the IMP, when the inspector can determine if the IMP is 
draining correctly. 

Routine and as-needed IMP inspections consist of the following technical and nontechnical activities: 

• Inspect the general conditions of the IMP and areas directly adjacent to the IMP. 

• Maintain access to the site, including the inlets, side slopes (if applicable), forebay (if one exists), 
IMP area, outlets, emergency spillway, etc. 

• Examine the overall condition of vegetation. 

• Eliminate any possibility of public hazards. 

• Check the conditions of inflow points, pretreatment areas (if they exist), and outlet structures. 

• Inspect and maintain the inlet and outlet regularly and after large storms. 

• Ensure that the pretreatment areas meet the original design criteria. 
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• Check the encroachment of invasive plants in vegetated areas. This could require more frequent 
inspections in the growing season. 

• Inspect water quality improvement components. Specifically, check the stormwater inflow, 
conveyance, and outlet conditions. 

• Inspect hydrologic functions such as maintaining sheet flow where designed, ensuring functional 
pretreatment, maintaining adequate design storage capacity, and verifying proper operation of 
outlet structures. 

• Check conditions downstream of the IMP to ensure that the flow is not causing 
hydromodification issues below the facility (e.g., excessive erosion, sedimentation). 

Chapter 5 of the SUSMP (County of San Diego 2012) provides guidance on preparation of inspection 
checklists for inclusion in the project’s Maintenance Plan. Appendix F of the SUSMP (County of San 
Diego 2012) includes private treatment control operation and maintenance verification forms for 
bioretention facilities, vegetated swales and higher rate biofilters; media filters and higher rate media 
filters; infiltration devices, constructed wetlands, and nonstandard treatment control practices. As an 
additional resource, checklists with maintenance specifications and requirements are provided in 
Appendix F. In general, individual IMPs can be described with minimum performance expectations, 
design criteria, structural specifications, date of implementation, and expected life span as provided in 
chapter 3 and detailed in Appendix A. Recording such information will help the inspector determine 
whether an IMP’s maintenance schedule is adequate or requires revision and will allow comparison 
between the intended design and the as-built conditions. Checklists also provide a useful way for 
recording and reporting whether major or minor renovation or routine repair is needed. The effectiveness 
of an IMP might be a function of the IMP’s location, design specifications, maintenance procedures, and 
performance expectations. Inspectors should be familiar with the characteristics and intended function of 
the IMP so they can recognize problems and know how they should be resolved. 

In every inspection, whether routine or as needed, the inspector should document whether the IMP is 
performing correctly and whether any damage has occurred to the IMP since the last inspection. Ideally, 
the inspector will also identify what should be done to repair the IMP if damage has occurred. 
Documentation is very important in sustaining an efficient inspection and maintenance schedule, 
providing evidence of ongoing inspection and maintenance, and detecting and reporting any necessary 
changes in overall management strategies. 

4.3 IMP MONITORING 
Performance monitoring of stormwater IMPs is an important component of LID implementation 
programs. Monitoring provides the IMP designer and regulator with a mechanism to validate certain 
design assumptions and to quantify compliance with pollutant-removal performance objectives. Specific 
monitoring objectives should be considered early in the design process to ensure that LID practices are 
adequately configured for monitoring. Detailed monitoring guidance provided by EPA is listed in this 
chapter’s references section (USEPA 2012). The instrumentation and monitoring configuration will vary 
from site to site, but the following general principles should be considered. 
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4.3.1 MONITORING HYDROLOGY 
An inlet/outlet sampling setup is suggested as the most effective monitoring approach to quantify flow 
and volume in stormwater IMPs. The runoff source and type of IMP will dictate the configuration of 
inflow monitoring. A weir or flume is typically installed at the inlet of IMPs that receive concentrated, 
open channel flow (e.g., from a pipe, curb cut, or a swale as shown in Figure 4-12, Figure 4-13, and 
Figure 4-14). Often a baffle box is used in conjunction with weirs to slow flows for more precise 
readings, as shown in Figure 4-15. The height of water flowing over the structure is automatically 
recorded (typically with a pressure transducer, such as a bubbler), which is used to calculate the rate of 
inflow. By integrating the flow rate over each monitored time step, total runoff volume for each storm 
event can be calculated. When runoff enters a practice via conduit, weirs or weir boxes can still be used 
for monitoring, but acoustic doppler velocity meters (ADVs) might be preferred. ADVs measure flow by 
recording the velocity and depth of water and will provide more accurate results if inflow pipes are 
expected to flow full (pressure flow), although some models require heavy turbidity to attain accurate 
readings. Outflow can be monitored using similar techniques as inflow by installing a weir or ADV at the 
point of overflow/outfall. 

 
Figure 4-12. Inflow pipe to a bioretention area equipped with compound weir and bubbler for flow 
measurement. Water quality sampling tube and strainer are visible inside pipe. 
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Figure 4-13. Inlet curb cut with a v-notch weir. 
 

 
Figure 4-14. Outlet of a roadside bioretention bumpout  
equipped with a V-notch weir for flow monitoring. 
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Figure 4-15. Underdrains from permeable pavement equipped with 30° V-notch 
weir boxes and samplers for flow and water quality monitoring. 
 

It is critical during hydrologic monitoring that no downstream tailwater interfere with the monitoring 
device or false readings will be generated. To prevent tailwater effects at the inlet, the invert of the inflow 
pipe should be well above the expected temporary ponding depth of the IMP (Figure 4-16)—this is 
typically not possible with offline IMPs because the point of inlet is also the elevation that water 
bypasses. Additional freeboard between the inlet and the maximum expected water depth should be 
provided to prevent the inlet monitoring device from being inundated by tailwater from the IMP (Figure 
4-17). The same considerations should be addressed when monitoring outflow by ensuring that the 
receiving storm drain network has sufficient capacity to convey high flows and prevent tailwater from 
inundating the outflow monitoring device. Figure 4-18 shows an example of potential monitoring points. 
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Figure 4-16. Example of a bioretention underdrain outlet with sufficient drop to  
install a flow monitoring weir without encountering tailwater. 
 

 
Figure 4-17. Poorly installed H-flume at the inlet to a bioretention area in which the invert of  
the weir is too low and tailwater from the bioretention will interfere with measurement. 

Sufficient drop to install weir 
plate with no interference by 

tailwater 
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Figure 4-18. Monitoring points. 
 

In addition to monitoring inflow and outflow, rainfall 
should be recorded on-site. Rainfall data can also be used 
to estimate inflow to IMPs that receive runoff only by 
sheet flow or direct rainfall (e.g., permeable pavement or 
green roofs). The type of rain gauge depends on 
monitoring goals and frequency of site visits. An 
automatic recording rain gauge (e.g., tipping bucket rain 
gauge), used to measure rainfall intensity and depth, is 
often paired with a manual rain gauge for data validation 
(Figure 4-19). For more advanced monitoring, weather 
stations can be installed to simultaneously monitor relative 
humidity, air temperature, solar radiation, and wind speed; 
these parameters can be used to estimate 
evapotranspiration. 

Water level (and drawdown rate) is another useful 
hydrologic parameter. Depending on project goals, 
perforated wells or piezometers can be installed to measure 
infiltration rate and drainage. Care should be taken when 
installing wells to ensure that runoff cannot enter the well 
at the surface and short circuit directly to subsurface 
layers; short circuiting can result in the discharge of untreated runoff that has bypassed the intended 
treatment mechanisms. It might be useful to pair soil moisture sensors with water level loggers in 
instances where highly detailed monitoring performance data are required (such as for calibration and 
validation of models). 

 

Figure 4-19. Example of manual (left) 
and tipping bucket (right) rain gauges. 
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4.3.2 MONITORING WATER QUALITY 
Although hydrologic monitoring can occur as a standalone practice, water quality data must be paired 
with flow data to calculate meaningful results. Flow-weighted automatic sampling is the recommended 
method for collecting samples that are representative of the runoff event and can be used to calculate 
pollutant loads (total mass of pollutants entering and leaving the system). Simply measuring the reduction 
in pollutant concentrations (mass per unit volume of water) from inlet to outlet can provide misleading 
results because it does not account for load reductions associated with infiltration, evapotranspiration, and 
storage. 

Influent water quality samples are typically collected just upstream of the inlet monitoring device (e.g., 
weir box, flume) just before the runoff enters the IMP. The downstream sampler should be at the outlet 
control device just before the overflow enters the existing storm drain infrastructure. A strainer is usually 
installed at collecting end of the sampler tubing to prevent large debris and solids from entering and 
clogging the sampler. Automatic samplers should be programmed to collect single-event, composite 
samples according to the expected range of storm flows. Depending on the power requirements, a solar 
panel or backup power supply might be needed. 

In addition to collecting composite samples, some water quality constituents can be monitored in real-
time. Some examples include dissolved oxygen, turbidity, conductivity, and temperature. 

4.3.3 SAMPLE COLLECTION AND HANDLING 
Quality assurance and quality control protocols for sample collection are necessary to ensure that samples 
are representative and reliable. The entire sample collection and delivery procedure should be well 
documented, including chain of custody (list of personnel handling water quality samples) and notes 
regarding site condition, time of sampling, and rainfall depth in the manual rain gauge. Holding times for 
water quality samples vary by constituent, but all samples should be collected, placed on ice, and 
delivered to the laboratory as soon as possible (typically 6 to 24 hours) after a rainfall event. Some water 
quality constituents require special treatment upon collection, such as acidification, to preserve the sample 
for delivery. Appropriate health and safety protocols should always be followed when on-site, including 
using personal protective equipment such as safety vests, nitrile gloves, and goggles. 

4.4 DEMONSTRATION PROJECTS 
Demonstration or pilot projects provide value to the planning, design, and maintenance communities 
providing valuable information. These projects can serve as learning opportunities and provide essential 
information about successful components and components that must be improved through all phases of 
design construction and post-construction. Information gathered can also provide further understanding 
and acceptance for nonmunicipal entities through the application of LID IMPs. That understanding can 
reduce concerns about risk, as experience and technical knowledge is gained from implementing 
demonstration projects. 

Demonstration projects provide concrete examples of how LID IMPs can be implemented in an 
environment. These projects can reduce people’s uncertainty about whether the LID IMPs will actually 
work in a particular setting. Demonstration projects can offer overall guidelines and examples for the 
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designs, materials, and implementation of structural IMPs and inform site planning, design, and 
development strategies associated with integrating LID management practices. Those projects can be used 
as guidelines for performance evaluations, long-term operation and maintenance needs, and cost 
estimations for individual or integrated LID treatment trains. The projects also allow engineers and 
designers to verify proper function and maintenance of the systems. 

Demonstration projects can illustrate how stormwater LID IMP strategies might be incorporated into 
other areas of site development strategies. Alternative transportation options to enhance safer street 
environments, such as traffic safety and control, can improve stormwater quantity and quality problems. 
Demonstration projects can also be useful in forensic engineering for systems that fail or do not meet 
quality or flow-control expectations. Improvements can then be made to future designs on the basis of the 
iterative, adaptive management approach. Monitoring demonstration projects is essential. Monitoring is a 
fundamental component of implementing SWMP; it helps to evaluate the success of the plan or facility 
and identifies whether changes are needed to the operation, maintenance (procedures or frequency), or 
design to meet regulatory goals. The monitoring program is often unique to each IMP or demonstration 
site and must be designed in the context of the program objectives. For example, a monitoring program 
for a municipality seeking to comply with monitoring requirements under its National Pollutant Discharge 
Elimination System (NPDES) permit might have relatively straightforward goals for certain pollutants of 
concern. However, more in-depth monitoring information gathered to determine the factors affecting LID 
facility performance are also important. 

By monitoring demonstration projects for performance, results can be used to predict the water quality 
and flow benefits of implementation as compared to costs. This will help decision makers determine the 
most cost-efficient facility for various conditions that will have the most benefit to water quality and will 
help meet regulatory requirements. In addition, the information gathered on technical performance of 
IMPs is expected to provide important input for simulation modeling of pollutant impacts associated with 
specific management scenarios in other locations or at a larger scale. Key principles of monitoring pilot 
projects include: 

• Dedicate the time and resources to develop a sound monitoring plan. Complexities of plans will 
vary depending on monitoring objectives. 

• Be sure to plan and budget for an adequate number of samples to enable proper data 
interpretation. 

• Be aware of the many variables that need to be documented as part of a monitoring program. 

• Be sure that the monitoring design properly identifies the relationship between storm 
characteristics and the design basis of the IMP and answers selected management questions. 

• Properly implement and follow the monitoring plan, clearly documenting any adjustments to the 
program. Particularly important are proper equipment installation and calibration, proper sample 
collection techniques and analysis, and maintenance of equipment for longer-term programs. 

• Maintain data in an organized and well-documented manner, including monitoring data, IMP 
design and maintenance practices, and site characteristics. 

• Clearly report study limitations and other caveats on using the data. 
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4.4.1 DEMONSTRATION PROJECT CASE STUDIES 
The following demonstration projects are provided to supplement the content of the Handbook by 
illustrating various considerations of LID and IMP design for meeting County SUSMP requirements. 
These case studies are for demonstration purposes only, thus the design material was abridged for 
simplicity. The following format should not be considered a comprehensive report that will satisfy local 
SUSMP submittal requirements. Some project components were modified from the original design to 
demonstrate specific concepts from the Handbook. 

4.4.1.1 DEMONSTRATION PROJECT: SAN DIEGO INTERNATIONAL AIRPORT – 
TERMINAL 2 PARKING LOT 

 
Figure 4-20. Permeable pavement in the Terminal 2 parking lot. 

 

 

PRIORITY 
DEVELOPMENT 
PROJECT 

Location 
San Diego International 
Airport, North Harbor 
Drive, San Diego 

Highlighted IMPs 
Rock Infiltration Swales 
Permeable Pavement 

Impervious Area 
Treated by Highlighted 
IMPs 
9.7 acres 

IMP Footprint 
3.7 acres 

Other IMPs On-site 
Swales 

Media Filters 
Construction Date 
2012 

Design Engineer 
URS Corporation 
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4.4.1.1.1 SITE BACKGROUND AND PROPOSED DEVELOPMENT 
The San Diego International Airport recently expanded and improved its facilities. Improvements 
included a dual-level roadway for passenger departures and arrivals, increased capacity for overnight 
aircraft parking, 10 new gates, and enhanced indoor facilities. As a component of the expansion, the 
Terminal 2 short-term parking lot was retrofit with IMPs for stormwater management.  

The parking lot is located between Terminal 2 and North Harbor Drive, as shown in Figure 4-21 

 
Figure 4-21. Terminal 2 short-term parking site location. 
 

4.4.1.1.2 DESIGN CRITERIA 
Runoff from the Airport outfalls to San Diego Bay near Harbor Island, which is impaired for metals 
(copper) and organics (PCBs) according to USEPA’s 303(d) list. Due to elevated levels of copper in the 
vicinity of the Airport outfall, heavy metals were considered the primary pollutant of concern for the 
priority development project. Secondary pollutants of concern were sediment, nutrients, organic 
compounds, trash and debris, oxygen demanding substances, oil and grease, bacteria and viruses, and 
pesticides.  

A detailed drainage report was prepared for the site and the 0.55-inch, 24-hour rain event was identified 
as the 85th-percentile water quality design storm. Because runoff from the site ultimately discharges 
directly to San Diego Bay, no hydromodification criteria were warranted. 
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4.4.1.1.3 LID SITE PLANNING PRACTICES 
The following site planning practices should be considered during all projects: 

• Conserve natural areas, soils, and vegetation 

• Minimize disturbances to natural drainages 

• Minimize and disconnect impervious surfaces 

• Minimize soil compaction 

• Drain runoff from impervious surface to pervious surfaces 

The Terminal 2 parking lot was a retrofit and was built on fill material, so conservation of natural areas, 
soils, vegetation, and natural drainages were challenging LID design goals for this project. Nevertheless, 
designers made efforts where practicable to protect existing vegetation, provide vegetated swales to 
disconnect impervious surfaces, minimize impervious surfaces, drain rooftops to landscaped areas, and 
provide native, drought-tolerant vegetation. Had this project been new development, additional self-
treating or self-retaining landscaped areas could be incorporated into islands, medians, and the perimeter 
of the site to reduce stormwater runoff. Soil compaction was minimized during construction to the 
maximum extent practicable to limit any impacts to the infiltration rate of the subsoils. 

4.4.1.1.4 IMP SELECTION 
Primary treatment control for the Terminal 2 parking lot was provided by manufactured high-flow filters, 
but the designer chose to incorporate LID as a method to reduce the required treatment volume (and, 
subsequently, the required high-flow filter size). To reduce runoff volume from the parking lot, permeable 
pavement was incorporated throughout the site as self-retaining areas. Each permeable pavement was 
sized to capture and infiltrate the volume of runoff from its respective drainage area associated with the 
85th percentile storm event. Similarly, rock infiltration swales were incorporated into parkway along the 
transit center with the goal of reducing runoff to the high-flow filters by capturing and infiltrating runoff. 

4.4.1.1.5 IMP DESIGN 
Once IMPs were selected to meet the SUSMP criteria, the design steps presented in Table 4-1 and Table 
4-2 could be employed to incorporate rock infiltration swales and permeable pavement into the site 
design. Photos are shown in Figure 4-22, Figure 4-23, Figure 4-24, Figure 4-25, and Figure 4-26. 
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Table 4-1. Rock infiltration swale design steps 

Design step 
Design component/ 
consideration General specification 

1 IMP Siting Layout and site 
incorporation 

Based on available space, maintenance access, and existing storm 
drains, rock infiltration swales were incorporated into the 
landscaped areas along the transit center roadways adjacent to the 
Terminal 2 short-term lot. 

2 Determine IMP 
Function and 
Configuration 

No underdrain Subsoil infiltration rates allowed full infiltration. Underdrains and 
impermeable liners were not necessary. Subgrade compaction was 
minimized. 

Lateral hydraulic 
restriction barriers 

Geotextile was used along the perimeter of the excavation to 
minimize migration of native soils into amended soils. 

3 Determine IMP 
Sizing Approach 

Flow-based 
(common SUSMP 
methodology) 

Used volume-based method below. 

Volume-based 
(water quality 
methodology) 

Each rock infiltration swale was sized to capture in the soil media 
void space the runoff volume associated with the 85th percentile 
storm.  

4 Size the System Temporary ponding 
depth  

2 inches of surface ponding was provided to encourage infiltration 
into the amended soil media 

Soil media depth 1.5 feet of soil media was provided 

Surface Area 
(Volume-based 
water quality) 

The surface area required to store treatment volume within the soil 
media depth was determined by dividing the required treatment 
volume by the effective media depth (product of the media depth 
and porosity) 

5 Specify Soil 
Media 

Composition and 
texture 

Sandy loam 

Permeability 5 in/hr per SUSMP, although site-specific volume-based sizing 
method indicated that a minimum design infiltration rate of 3.6 in/hr 
would be appropriate to minimize the risk of infiltration failure 

6 Design Inlet and 
Pretreatment 

Inlet Provided curb cuts to intercept gutter flow 

Pretreatment Cobble-lined inlet provides pretreatment and energy dissipation 

7 Select and 
Design 
Overflow/Bypass 
Method 

Outlet configuration  Online: All runoff is routed through system—an elevated overflow 
structure was installed at the elevation of maximum ponding. 

Hydromodification 
control 

Not necessary – drains to San Diego Bay. (If required, provide 
additional storage in subsurface aggregate layer and size an 
appropriate nonclogging orifice or weir to dewater detention 
volume.) 

8 Select Surface 
Material 

Cobble or gravel Surface was stabilized with gravel or decorative cobble. 

9 Design for Multi-
Use Benefits  

Additional benefits Drought-tolerant vegetation was included along the banks of the 
IMP to improve aesthetics. 
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Figure 4-22. Curb cut and cobble energy dissipation at inlet to rock infiltration swale. 
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Figure 4-23. Cobble and gravel stabilize the surface of the rock infiltration swale and prevent 
scour of underlying soil media. The outlet structure in the foreground is elevated 2" above 
the bed of the rock infiltration swale to ensure that the design storm flow is retained and 
filtered through the media. 
 



PAGE 144 CHAPTER 4. IMPLEMENTATION CONSIDERATIONS 

Table 4-2. Permeable pavement design steps 

Design step 

Design 
component/ 
consideration General specification 

1 Determine IMP 
Treatment 
Volume  

Runoff 
calculations 

Per SUSMP (County of San Diego 2012), the volume of the 24-hour 
85th percentile storm is required for the water quality treatment method 
(County of San Diego 2012 SUSMP, Chapter 2) 

2 IMP Siting Layout and site 
incorporation  

Based on available space, permeable pavement was incorporated into 
parking stalls and along the perimeter of the parking lot.  

3 Select Permeable 
Pavement 
Surface Course 

 

Surface course 
type 

Permeable interlocking concrete pavers (PICP) were selected for 
practicality and aesthetics. 

4 Determine IMP 
Function and 
Configuration 

 

No underdrain Subsoil infiltration rates allowed full infiltration. Underdrains and 
impermeable liners were not necessary. Subgrade compaction was 
minimized. 

Lateral 
hydraulic 
restriction 
barriers 

Geomembranes were used to restrict lateral flows to adjacent 
subgrades, foundations, or utilities. 

Subgrade slope 
and geotextile 

Subgrade slope should be 0.5% or flatter. Baffles should be used to 
ensure water quality volume is retained. Geotextile should be used 
along perimeter of cut to prevent soil from entering the aggregate voids. 

5 Design the 
Profile 

 

Surface area 
and reservoir 
depth 

Water quality volume should be fully stored within the aggregate base 
layers below the surface course. Base layer should be washed ASTM 
No. 57 stone (washed ASTM No. 2 may be used as a subbase layer for 
additional storage). 

Structural 
Design 

A pavement structural analysis should be completed by a qualified and 
licensed professional. 

6 Design for 
Overlow/Bypass 

 

Large storm 
routing 

Modular/Paver-type systems (PICP): internal overflow is generally 
recommended to prevent upflow and transport of bedding course-this 
site allowed surface overflow because slopes were gradual and flow 
was dispersed over a large area. 

7 Edge Restraints 
and Transitions 

 

Transition strip A concrete transition strip was provided around the perimeter of PICP to 
contain pavers and delineate permeable surfaces. 

8 Design Signage 

 

Signage 
regulations 

Signage should indicate prohibited activities that cause premature 
clogging and alert pedestrians and maintenance staff that the surface is 
intended to be permeable. 

9 Design for Multi-
Use Benefits  

Additional 
benefits 

Attractive patterns and colors were installed. 
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Figure 4-24. A concrete transition strip was used to delineate the permeable surface and provide 
edge restraints for the pavers. 
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Figure 4-25. PICP was chosen as the surface course for this application. Bedding  
and joint fill material consists of washed ASTM No. 8. 

 

Figure 4-26. Surface overflow was provided for larger storm routing. Generally, internal bypass is 
effective for PICP applications to prevent upwelling and transport of the bedding course materials, 
but gradual slopes and diffuse flows deemed internal bypass unnecessary for this site. 

4.4.1.1.6 DESIGN DETAILS 
The following sheets provide example plans, profiles, and cross sections of the IMPs installed at the 
Terminal 2 short-term parking lot. 
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4.4.1.1.7 IMPLEMENTATION CONSIDERATIONS 
Construction technique and sequencing are critical to IMP performance. Failure of improperly 
constructed systems can be easily avoided by effectively communicating with the contractor and by 
inspecting the system during key steps. In addition to the general construction considerations provided in 
chapter 4, emphasizing the following points will help ensure successful installation of rock infiltration 
swales and permeable pavement: 

• Inspect soil media before placement 

• Inspect aggregate upon delivery to ensure thorough washing was performed 

• Verify that average ponding depth is provided in rock infiltration swale 

• Inspect subgrade elevations and grading 

• Test subgrade infiltration rate 

• Minimize and mitigate subsoil compaction by scarifying subsoil surface 

• Inspect surface course placement and curing 

Following construction, maintenance is necessary to prolong the performance of rock infiltration swales 
and permeable pavements. Table 4-3 and Table 4-4 provide detailed lists of maintenance activities for the 
IMPs. 

Table 4-3. Rock infiltration swale inspection and maintenance tasks 

Task Frequency Indicator maintenance is needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly with 
routine property 
maintenance 

Excessive sediment, trash, or 
debris accumulation on the 
surface of bioretention. 

Permanently stabilize any exposed 
soil and remove any accumulated 
sediment. Adjacent pervious areas 
might need to be re-graded. 

Inlet inspection Weekly or biweekly with 
routine property 
maintenance 

Internal erosion or excessive 
sediment, trash, and debris 
accumulation 

Check for sediment accumulation 
to ensure that flow into the 
bioretention is as designed. 
Remove any accumulated 
sediment. 

Trash and leaf 
litter removal 

Weekly or biweekly with 
routine property 
maintenance 

Accumulation of litter and leafy 
debris within bioretention area 

Litter and leaves should be 
removed to reduce the risk of 
outlet clogging, reduce nutrient 
inputs to the bioretention area, and 
to improve facility aesthetics. 

Outlet 
inspection 

Once after first rain of the 
season, then monthly during 
the rainy season 

Erosion at outlet Remove any accumulated mulch 
or sediment. Ensure IMP maintains 
a drain down time of less than 96 
hours. 

Miscellaneous 
upkeep 

12 times per year Tasks include trash collection, spot weeding, removing invasive 
species, and removing debris from the overflow device. 



PAGE 152 CHAPTER 4. IMPLEMENTATION CONSIDERATIONS 

Table 4-4. Operation and maintenance tasks for permeable pavement 

Task Frequency Indicator maintenance is needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly 
during routine 
property 
maintenance 

Sediment accumulation on 
adjacent impervious surfaces or in 
voids/joints of permeable 
pavement 

Stabilize any exposed soil and 
remove any accumulated 
sediment. Adjacent pervious areas 
might need to be graded to drain 
away from the pavement. 

Miscellaneous 
upkeep 

Weekly or biweekly 
during routine 
property 
maintenance 

Trash, leaves, weeds, or other 
debris accumulated on permeable 
pavement surface 

Immediately remove debris to 
prevent migration into permeable 
pavement voids. Identify source of 
debris and remedy problem to 
avoid future deposition. 

Preventative 
vacuum/regenerative 
air street sweeping 

Twice a year in 
higher sediment 
areas 

N/A Pavement should be swept with a 
vacuum power or regenerative air 
street sweeper at least twice per 
year to maintain infiltration rates. 

Replace fill materials As needed For paver systems, whenever void 
space between joints becomes 
apparent or after vacuum 
sweeping 

Replace bedding fill material to 
keep fill level with the paver 
surface. 

Restorative 
vacuum/regenerative 
air street sweeping 

As needed Surface infiltration test indicates 
poor performance or water is 
ponding on pavement surface 
during rainfall 

Pavement should be swept with a 
vacuum power or regenerative air 
street sweeper to restore 
infiltration rates. 

 

4.4.1.1.8 LESSONS LEARNED 
Design and construction of LID features can often present new and unexpected challenges. During design 
of the Terminal 2 short-term parking lot IMPs it became evident that, due to topographical constraints and 
drainage patterns, locations of available land for LID do not always coincide with areas to which runoff 
flows. This challenge often arises during LID design and must be overcome with creative solutions that 
do not always conform to engineering paradigms. The airport IMPs demonstrate such innovative design 
by intercepting diffuse flow along the entire parking lot perimeter using a narrow band of permeable 
pavement (instead of converting the entire parking stall to permeable pavement per typical designs). 

Sourcing and furnishing the specified materials was another challenge encountered during construction. It 
was difficult to find a quarry or supplier that provided washed ASTM No. 2 and No. 8 aggregates 
matching the design specifications. Material substitutions can occasionally be made but it is critical that 
any substituted material conforms to the original design intent, does not negatively impact the water 
quality performance of the IMP, and protects the public safety, health, and welfare. The proper washed 
crushed aggregate was eventually sourced and the permeable pavers were successfully installed. 

Construction oversight and open communication with the contractor was also deemed an important 
component to the success of the project. Explaining the intent and purpose of specific water quality 
features to the contractor was critical to ensure compaction was minimized and to ensure that IMPs were 
constructed to retain and infiltrate water instead of freely draining to the storm drains. This was 
particularly important in retrofit scenarios, such as where existing concrete channels were converted to 
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swales. Deliberate and thorough communication will improve the quality of installed LID features and 
will also raise contractor awareness during future projects. 

4.4.1.2 DEMONSTRATION PROJECT: SCRIPPS PROTON THERAPY CENTER 

 
 

 

4.4.1.2.1 SITE BACKGROUND AND PROPOSED DEVELOPMENT 
Scripps health, Scripps Clinic Medical Group, and Advanced Particle Therapy are constructing a 102,000-
square-foot facility for advanced radiation therapy treatment. The Scripps Proton Therapy Center (SPTC) 
will have capacity to treat 2,400 patients annually and will house a cyclotron particle accelerator for 
proton beam generation. To meet SUSMP requirements in a cost-effective manner, LID IMPs were 
incorporated throughout the site. 

The facility is located off of Summers Ridge Road in the Fenton Carroll Canyon Technology Center of 
San Diego’s Mira Mesa community, as shown in Figure 4-27. 

RIORITY 
DEVELOPMENT 
PROJECT  

Location 
Scripps Proton Therapy 
Center, Summers Ridge 
Road, San Diego 

Highlighted IMPs 
Bioretention 
Bioretention Swales 

Impervious Area 
Treated 
4.5 acres 

IMP Footprint1 

0.85 acres  
(water quality + HMP) 

Other LID Features 
Permeable Pavement 
(Plastic Grid Pavers) 

Construction Date 
October 2012 

Design Engineer 
Rick Engineering 
1See Design Criteria 
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Figure 4-27. Aerial view of Scripps Proton Therapy Center (photo credit Google 2013). 
 

4.4.1.2.2 DESIGN CRITERIA 
The WQTR identified the following anticipated or potential pollutants from the project site: 

Anticipated Potential 
• Heavy metals 

• Trash and Debris 

• Oil and Grease 

• Sediment 

• Organic compounds 

• Oxygen demanding substances 

• Pesticides 

Because runoff from the project site ultimately drains to the Los Penasquitos Lagoon, sediment was 
considered the primary pollutant of concern.  

Hydromodification criteria did not apply to this project because the project extent was less than the 50-
acre threshold in the 2008 Storm Water Standards Manual. For demonstration purposes, the IMPs in this 
example project have been enhanced to demonstrate the sizing requirements to meet both the water 
quality and hydromodification control of the 0.1Q2 flow threshold as required by the SUSMP. 
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4.4.1.2.3 LID SITE PLANNING PRACTICES 
The following site planning practices should be considered during all projects: 

• Conserve natural areas, soils, and vegetation 

• Minimize disturbances to natural drainages 

• Minimize and disconnect impervious surfaces 

• Minimize soil compaction 

• Drain runoff from impervious surface to pervious surfaces 

The SPTC was constructed in a technology park complex that was mass graded prior to the onset of site 
design, so conservation of natural areas, soils, vegetation, and natural drainages were not feasible LID 
design goals for this project. Had this project been new development, the site could be designed to 
minimize impacts to native hydrologic conditions by clustering development, retaining natural features 
throughout the site, and minimizing roadway widths. The site was designed to minimize directly-
connected impervious surfaces, and, wherever practicable, runoff flows to pervious surfaces incorporated 
in parking lot medians, perimeters, and in landscaped areas. Soil compaction was minimized during 
construction to the extent practicable to allow infiltration in self-treating areas, although underlying soils 
precluded infiltrating practices. 

4.4.1.2.4 IMP SELECTION 
The primary pollutant of concern for the project site was sediment, so bioretention with underdrains was 
selected as the IMP to meet SUSMP criteria. Bioretention was selected due to high sediment removal 
performance and the flexibility to incorporate throughout the site to treat runoff near its source (per LID 
principles). Underlying soils were classified as Hydrologic Soil Group D so underdrains were included to 
ensure adequate drainage. Some facilities would require impermeable liners due to proximity to steep 
slopes—these IMPs should be sized as flow-through planters because they would not allow incidental 
infiltration. 

4.4.1.2.5 IMP DESIGN 
Once IMPs were selected to meet the SUSMP criteria, the design steps shown in Table 4-5 could be 
employed to incorporate bioretention and bioretention swales into the site design. Photos of the site are 
shown in Figure 4-28 through Figure 4-31. 

Table 4-5. Bioretention and bioretention swales design step process 

Design step 

Design 
component/ 
consideration General specification 

1 IMP Siting Layout and site 
incorporation 

Based on available space and maintenance access, bioretention was 
incorporated into landscaped areas, along the parking lot perimeter, 
and parking medians throughout the site. 

2 Determine IMP 
Function and 
Configuration 

Impermeable liner Where required per geotechnical specifications, a geomembrane liner 
was installed for slope and infrastructure protection (facilities with 
impermeable liners should be designed as flow-through planters). 
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Design step 

Design 
component/ 
consideration General specification 

Underdrain 
(required if 
subsoil infiltration 
rate is less than 
0.5 in/hr [HSG C 
& D]) 

Schedule 40 PVC pipe with perforations (slots or holes) every 6 
inches. The 4-inch diameter lateral pipes should join a 6-inch collector 
pipe, which conveys drainage to the downstream storm network. 
Provide cleanout ports/observation wells for each underdrain pipe. 
The underdrain should be elevated 12” above the subgrade, 
consistent with hydromodification design assumptions. 

Lateral hydraulic 
restriction barriers 

Impermeable geomembrane was used to restrict lateral flows to 
adjacent subgrades, foundations, or utilities. 

3 Determine IMP 
Sizing Approach 

Flow-based 
(common SUSMP 
methodology) 

Refer to SUSMP (County of San Diego 2012) chapters 2 and 4 for 
appropriate sizing factors to determine surface area, ponding depth, 
and media depth. For the purpose of this example, IMPs on this site 
were sized to meet water quality and hydromodification requirements 
using a sizing factor of 0.16. Flow from the contributing drainage area 
would require detention such that discharge does not exceed the 
0.1Q2 flow threshold. 

4 Size the System Temporary 
ponding depth  

10 inches per hydromodification design assumptions  

Soil media depth 1.5 feet per SUSMP 

Slope and grade 
control 

Check dams were used to maintain maximum 2.5% bed slope. Install 
a 4-inch deep layer of ASTM No. 57 stone (underlain by filter fabric) 
extending 2 feet downslope from the check dam to prevent erosion. 

Surface 
area(volume-
based water 
quality) 

Sized using the flow-based method per SUSMP requirements. 

5 Specify Soil 
Media 

Composition and 
texture 

Per SUSMP, specified loamy sand with minimum long-term 
percolation rate of 5 in/hr. 

Permeability 

Chemical 
composition 

Drainage layer 

6 Design Inlet and 
Pretreatment 

Inlet Runoff enters by diffuse flow from parking lot or through curb cuts 
along driving lanes  

Pretreatment Gravel pads provided at inlets for energy dissipation and pretreatment 

7 Select and 
Design 
Overflow/Bypass 
Method 

Outlet 
configuration  

Online: All runoff is routed through system—install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Hydromodification 
control 

If necessary, additional aggregate storage could be specified to 
provide hydromodification control where the surface area is not 
available for design of IMPs using the sizing factors. Alternative 
designs would require verification by modeling. 

8 Select Mulch and 
Vegetation 

Mulch Hardwood mulch, gravel, and cobble were used 

Vegetation Drought tolerant, native plants 

9 Design for Multi-
Use Benefits  

Additional 
benefits 

Attractive xeriscaped landscaping design, irrigated with reclaimed 
water 
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Figure 4-28. Bioretention swales with raised outlet structures capture, convey, 
 and filter parking lot runoff through a soil media layer. 

 

Figure 4-29. Roads and parking lots are graded towards bioretention areas  
that treat runoff near its source. 
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Figure 4-30. Curb cuts accept gutter flow from driving lanes into bioretention swales. 
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Figure 4-31. Bioretention areas with raised outlet structures are distributed throughout the site to 
transform traditional landscaped areas into stormwater IMPs. 
 

4.4.1.2.6 DESIGN DETAILS 
The following sheets provide example plans, profiles, and cross sections of the IMPs installed at the 
SPTC. 
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4.4.1.2.7 IMPLEMENTATION CONSIDERATIONS 
Construction technique and sequencing are critical to bioretention and bioretention swale performance. 
Failure of improperly constructed systems can be easily avoided by effectively communicating with the 
contractor and by inspecting the system during key steps. In addition to the general construction 
considerations provided in chapter 4, emphasizing the following points will help ensure successful 
installation of bioretention and bioretention swales. 

• Minimize and mitigate compaction by scarifying subsoil surface 

• Inspect soil media before placement 

• Verify that average ponding depth is provided (a note was provided in the construction plans 
indicating that outlet structures are intended to be elevated above the bed of the bioretention area 
or bioretention swale).  

Bioretention areas and bioretention swales require regular plant, soil, and mulch layer maintenance to 
ensure optimum infiltration, storage, and pollutant removal capabilities. Table 4-6. provides a detailed list 
of maintenance activities. 

Table 4-6. Inspection and maintenance tasks 

Task Frequency Indicator maintenance is needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly with 
routine property 
maintenance 

Excessive sediment, trash, or 
debris accumulation on the 
surface of bioretention. 

Permanently stabilize any exposed 
soil and remove any accumulated 
sediment. Adjacent pervious areas 
might need to be re-graded. 

Inlet inspection Weekly or biweekly with 
routine property 
maintenance 

Internal erosion or excessive 
sediment, trash, and debris 
accumulation 

Check for sediment accumulation to 
ensure that flow into the bioretention is 
as designed. Remove any 
accumulated sediment. 

Trash and leaf 
litter removal 

Weekly or biweekly with 
routine property 
maintenance 

Accumulation of litter and leafy 
debris within bioretention area 

Litter and leaves should be removed 
to reduce the risk of outlet clogging, 
reduce nutrient inputs to the 
bioretention area, and to improve 
facility aesthetics. 

Pruning 1 to 2 times per year Overgrown vegetation that 
interferes with access, lines of 
sight, or safety 

Nutrients in runoff often cause 
bioretention vegetation to flourish. 

Mowing 2 to 12 times per year Overgrown vegetation that 
interferes with access, lines of 
sight, or safety 

Frequency depends on location and 
desired aesthetic appeal. 

Mulch removal 
and 
replacement 

1 time every 2 to 3 years 2/3 of mulch has decomposed Mulch accumulation reduces available 
surface water storage volume. 
Removal of decomposed mulch also 
increases surface infiltration rate of fill 
soil. Remove decomposed fraction 
and top off with fresh mulch to a total 
depth of 3 inches 
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Task Frequency Indicator maintenance is needed Maintenance notes 

Temporary 
watering 

1 time every 2 to 3 days 
for first 1 to 2 months, 
sporadically after 
established 

Until established and during 
severe droughts 

Watering after the initial year might be 
required. 

Fertilization 1 time initially Upon planting One-time spot fertilization for first year 
vegetation. 

Remove and 
replace dead 
plants 

1 time per year Dead plants Within the first year, 10% of plants can 
die. Survival rates increase with time. 

Outlet 
inspection 

Once after first rain of 
the season, then monthly 
during the rainy season 

Erosion at outlet Remove any accumulated mulch or 
sediment. Ensure IMP maintains a 
drain down time of less than 96 hours. 

Miscellaneous 
upkeep 

12 times per year Tasks include trash collection, plant health, spot weeding, removing 
invasive species, and removing mulch from the overflow device. 

 

4.4.1.2.8 LESSONS LEARNED 
The cobble lining applied to the bed of the bioretention areas at this site was primarily installed for an 
aesthetic surface condition. While cobbling in some areas, particularly around inlets, may be beneficial, 
extensive cobbling should be avoided because it must be removed by hand for maintenance. A gravel or 
mulch surface cover may provide a more easily maintained bioretention bed that can be mechanically 
maintained by backhoe or shovel. 

Providing the required soil media infiltration rates was challenging at this site due to over-compaction of 
bioretention areas. To avoid laborious removal and replacement of soil media, it is important that material 
is minimally compacted upon installation. 
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5 DEFINITIONS 
Aquifer The underground layer of rock or soil in which groundwater resides. Aquifers are replenished or 
recharged by surface water percolating through soil. Wells are drilled into aquifers to extract water for 
human use. 

Average daily traffic The average total number of vehicles that traverse a road or highway on a typical 
day. Often used to classify and design roadway systems. 

Base course A layer of material directly under the surface layer. 

Biofilter Any of a number of devices used to control pollution using living materials to filter or 
chemically process pollutants. 

Bioretention A technique that uses parking lot islands and planting strips to collect and filter urban 
stormwater, that includes grass and sand filters, loamy soils, mulch, shallow ponding and native trees and 
shrubs. 

Bioretention Swale A technique that uses swales to collect and filter urban stormwater, that includes 
grass and sand filters, loamy soils, mulch, shallow ponding and native trees and shrubs. 

Buffer A zone created or sustained adjacent to a shoreline, wetland or stream where development is 
restricted or prohibited to minimize the negative effects of land development on animals and plants and 
their habitats. 

Catchment The smallest watershed management unit, defined as the area of a development site to its 
first intersection with a stream, usually as a pipe or open channel outfall. 

Check dam (a) A log or gabion structure placed perpendicular to a stream to enhance aquatic habitat. 
(b) An earthen or log structure, used in grass swales to reduce water velocities, promote sediment 
deposition, and enhance infiltration. 

Cluster development A development pattern for residential, commercial, industrial, institutional, or 
combination of uses, in which the uses are grouped or clustered, rather than spread evenly throughout the 
parcel as in conventional lot-by-lot development. A local jurisdiction may authorize such development by 
permitting smaller lot sizes if a specified portion of the land is kept in permanent open space to provide 
natural habitat or open space uses through public or private dedication. 

Constructed wetland An artificial wetland system designed to mitigate the impacts of urban runoff. 

Contamination The impairment of water quality by waste to a degree that creates a hazard to public 
health through poisoning or through the spread of disease. 

Cul-de-sac A circular section located at the end of an access street that permits vehicles to turn around. 
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Curbs A concrete barrier on the margin of a road or street that is used to direct stormwater runoff to an 
inlet, protect pavement edges, and protect lawns and sidewalks from encroachment by vehicles. 

Density The average number of families, persons, or housing units per unit of land, usually density is 
expressed per acre. 

Design storm A rainfall event of specified duration, intensity, and return frequency (e.g., a 2 year 6 hour 
event) that is used to calculate runoff volume and peak discharge rate. 

Detention The temporary storage of storm runoff which is used to control discharge rates sufficiently to 
provide gravity settling of pollutants. 

Detention time The amount of time water actually is present in a basin. Theoretical detention time for a 
runoff event is determined from the period of release from the basin. 

Directly connected impervious area (DCIA)  The square footage of all impervious surfaces (see 
impervious surface area) that flow directly into a conveyance stormwater system. 

Disturbance The act of moving, grading, tilling, clearing, taking or repositioning the natural 
environment’s soil surfaces and/or vegetation that was previously undisturbed by man.  

Drainage basin A land area bounded by high points, which drains all surface water into a single stream, 
other body of water, or storm drain infrastructure. See also watershed.  

Ephemeral stream A stream or waterway that holds water only for a few hours or days, and dries up 
shortly after rain storms. 

Erosion The wearing away of land surface by wind or water. Erosion occurs naturally from weather or 
runoff but can be intensified by land-clearing practices related to farming, residential or industrial 
development, road, building, or timber cutting. 

Evaporation practices Practices that temporarily store runoff and evaporate it (retention, detention, 
reservoirs, etc.). 

Evapotranspiration The combined loss of water from a given area, and during a specified period of 
time, by evaporation from the soil surface and transpiration from plants into the atmosphere. 

Excess parking Parking spaces that are constructed over and above the number required or predicted 
based on the parking demand ratio for a particular land use or activity 

Feasible Capable of being accomplished in a successful manner within a reasonable period of time, 
taking into account economic, environmental, and technological factors. Infeasibility must be supported 
by substantial evidence developed through a good faith effort to investigate alternatives that would result 
in less adverse impacts. A substantial modification to the configuration of a development, or reduction in 
density or intensity, would not be considered infeasible unless supported by the above factors. 
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Filter fabric Textile of relatively small mesh or pore size that is used to (a) allow water to pass through 
while keeping sediment out (permeable), or (b) prevent both runoff and sediment from passing through 
(impermeable). 

Filter strips A vegetated area that treats sheetflow and/or interflow to remove sediment and other 
pollutants. Used to treat shallow concentrated stormflows over very short contributing distances in urban 
areas. Sometimes referred to as buffer strips.  

Filtration practices Stormwater management practices that do not incorporate infiltration as a primary 
design feature, including planter boxes, vegetated roofs, and sand filters. Most infiltration practices 
(including bioretention, bioretention swales, and permeable pavement) can also be modified using an 
impermeable liner to perform as filtration IMPs. 

First flush The delivery of a disproportionately large load of pollutants during the early part of storms 
due to the rapid runoff of accumulated pollutants. The first flush of runoff has been defined several ways 
(e.g., one-half inch per impervious acre). 

Flow-based practices IMPs for which the pollutant removal rate depends on the rate of flow through the 
facility. Examples include filter strips, swales, sand filters, and screening devices.  

Forebay An extra storage space provided near an inlet of a wet pond or constructed wetland to trap 
incoming sediments before they accumulate in the pond. 

Fuel modification Managing vegetation, particularly adjacent to buildings and to grass-surfaced fire 
lanes, to prevent escalation of fires, which is important to maintain compliance with fire codes.  

Graywater system On-site systems that use wastewater from sinks, showers, tubs, and washing 
machines for subsurface landscape irrigation through the use of mulch basins, disposal trenches or 
subsurface drip irrigation fields. See http://www.sdcounty.ca.gov/deh/water/lu_graywater_systems.html.  

Green building Environmentally responsible, resource efficient construction throughout the life-cycle of 
a structure (design, construction, operation, maintenance, renovation and deconstruction). Also known as 
a sustainable or high-performance building. 

Green space The proportion of open space in a cluster development that is retained in an undisturbed 
vegetative condition. 

Groundwater Subsurface water that occurs beneath the water table in soils and geologic formations that 
are fully saturated 

Habitat The specific area or environment in which a particular type of plant or animal lives. An 
organism’s habitat must provide the basic requirements for life and should be free of harmful 
contaminants. 

Hammerhead A “T” shaped turnaround option for lightly traveled residential streets. Creates less 
impervious cover compared to a circular cul-de-sac. 

http://www.sdcounty.ca.gov/deh/water/lu_graywater_systems.html
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Heat island effect The increase in ambient temperatures generated by heat radiating from paved surfaces 
exposed to sunlight. 

Hybrid parking lots Use multiple paving techniques to better utilize the space by combining impervious 
aisles with permeable stalls. 

Hydrology The science of the behavior of water in the atmosphere (air), on the surface of the earth, and 
underground. 

Impermeable Not able to be infiltrated by water.  

Impervious surface Any surface which cannot be effectively (easily) penetrated by water. Examples 
include conventional pavements, buildings, highly compacted soils, and rock outcrops. 

Impervious surface area The ground area covered or sheltered by an impervious surface, measured in 
plan view (i.e., as if from directly above). For example, the impervious surface area for a pitched roof is 
equal to the ground area it shelters, rather than the surface area of the roof itself.  

Imperviousness The percentage of impervious surface within a development site or watershed. 

Infill Developing vacant parcels or redeveloping existing property in urban or sub-urban areas. 

Infiltration The downward entry of water into the surface of the soil, as contrasted with percolation 
which is movement of water through soil layers. 

Infiltration basin A concave vegetated surface (e.g., pond) designed to hold water so that it can 
gradually infiltrate into the soil. 

Infiltration practices Any treatment IMP designed primarily to percolate water into the subsurface. 
These include infiltration trench, infiltration basin, dry wells, permeable pavements without an 
underdrain, and sub-surface reservoir beds without an under-drain. IMPs that have some incidental 
infiltration but are designed primarily to retain water or to treat water, such as bioretention, filter strips, 
permeable pavements with an underdrain, or vegetated swales, are not infiltration IMPs. 

Intermittent stream A stream that flows mostly during the rainy or wet season and may not flow at all 
during other times of the year. 

Integrated Management System (IMP)  An LID BMP that provides small-scale treatment, retention 
and or detention and is integrated into the site layout, landscaping and drainage design. When properly 
sized, it may qualify as a treatment control BMP/IMP as required for priority development projects. 

Low impact development A stormwater management and land development strategy that emphasizes 
conservation and the use of on-site natural features integrated with engineered, small-scale hydrologic 
controls to more closely reflect pre-development hydrologic functions. 
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Management Practice A method, activity, maintenance procedure, or other management practice for 
reducing the amount of pollution entering a water body. The term originated from the rules & regulations 
developed pursuant to the federal Clean Water Act (40 CFR 1 30). 

National Pollutant Discharge Elimination System A provision of the Clean Water Act that prohibits 
discharge of pollutants into waters of the United States unless a special permit is issued by EPA, a state, 
or another delegated agency. 

Natural Drainage A drainage consisting of native soils such as a natural swale or topographic 
depression which gathers and/or conveys runoff to a permanent or intermittent watercourse or water body.  

No plant zone Area of green roof where plants are excluded to prevent vegetation from growing too 
close to roof drains and to identify roof drains for maintenance personnel. 

Nonpoint source pollution Runoff that enters water from dispersed and uncontrolled sources, such as 
rainfall or snowmelt moving over and through the ground rather than single, identifiable sources. A 
nonpoint source is any source of water pollution that does not meet the legal definition of point source in 
section 502(14) of the Clean Water Act (e.g., agricultural practices, on-site sewage disposal, automobiles, 
and recreational boats). While individual sources may seem insignificant, they may contribute pathogens, 
suspended solids, and toxicants which result in significant cumulative effects. 

Open space A portion of a cluster development that is set aside for public or private use and is not 
developed with homes. The space may be used for active or passive recreation, or may be reserved to 
protect or buffer natural areas (see also green space). 

Parking groves A variation on the hybrid parking lot design, parking groves use a grid of trees and 
bollards to delineate parking stalls and create a shady environment. The permeable stalls reduce 
impervious land coverage while the trees reduce heat island effect and improve soil permeability. 

Percolation The downward movement of water through soil layers, as contrasted with infiltration which 
is the entry of water into the surface of the soil. 

Perennial stream A stream channel that has running water throughout the year. 

Permeable A type of soil or other material that allows passage of water or other liquid. 

Permeable pavement Asphalt or concrete paving material consisting of a coarse mixture cemented 
together with sufficient interconnected voids to provide a high rate of permeability. 

Permeable surfaces Areas characterized by materials that allow stormwater to infiltrate the underlying 
soils (e.g., soil covered or vegetated areas) 

Pervious A soil or material that allows the passage of water or other liquid. 

Point Source Pollution A source of pollutants from a single point of conveyance, such as a pipe. For 
example, the discharge from a sewage treatment plant or a factory is a point source. 
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Pollutants A chemical or other additive that adversely alters the physical, chemical, or biological 
properties of the environment. 

Pollutograph A chart of stormwater quality data throughout the duration of a storm that is used to 
evaluate pollutant concentrations and identify the presence or absence of a first flush. 

Private roads The lowest order street in the hierarchy of streets, it conducts traffic between individual 
dwelling units to Public streets (such as collector and Residential collector streets). Private roads convey 
the lowest traffic volume, and are prime candidates for reduced street widths. 

Public roads consist of two main types:  

Mobility element roads. Mobility element roads are considered the regional backbone or 
skeleton road system. These roads provide for the vehicular movement of goods and services 
between various parts of the County. Traffic on mobility element roads are given preference at 
intersections, and some access control may be considered to maintain capacity to carry high 
volumes of traffic. 

Nonmobility element roads. These roads feed vehicular traffic onto the mobility element 
system of roads. They provide access to residential neighborhoods and commercial/industrial 
areas. Of the two types of Public roads, nonmobility element roads are afforded the most 
flexibility with regards to implementing LID concepts.  

Ravel Loosening or separation of the pavement surface course, typically caused by excessive abrasion. 

Receiving waters Lakes, rivers, wetlands, bays, and coastal waters that receive runoff. 

Recharge Infiltration of surface water to groundwater.  

Recharge area A land area in which surface water infiltrates soil and reaches to the zone of saturation, 
such as where rainwater soaks through the earth to reach an aquifer. 

Retrofit To provide or add new equipment, parts, structures, or techniques unavailable at the time of 
original construction. 

Riparian area Habitat found along the bank of a natural and freshwater waterway, such as a river, 
stream, or creek, that provides for a high density, diversity, and productivity of plant and animal species. 

Runoff Water from rain, melted snow, or agricultural or landscape irrigation that flows over the land 
surface. 

Runoff coefficient The runoff coefficient is based on permeability and determines the portion of rainfall 
that will run off the watershed. The runoff coefficient value, expressed as C, can vary from close to zero 
to up to 1.0. A low C value indicates that most of the water is retained for a time on the site, as by soaking 
into the ground or forming puddles, whereas a high C value means that most of the rain runs off. 
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Sand filter Small scale sand filter units are usually located in below ground concrete pits (as 
residential/lot level) comprising of a preliminary sediment trap chamber with a secondary filtration 
chamber. Larger scale sand filters may be comprised of a preliminary sedimentation basin with a 
downstream sand filter basin-type arrangement. 

Self-retaining areas Areas designed to retain the first one inch of rainfall without producing any runoff. 

Self-treating areas Landscaped or turf areas that drain directly off-site or to a storm drain system 
without discharging runoff to on-site impervious areas. Also called zero discharge areas. 

Setback A zone designated to protect sensitive areas from negative impacts associated with 
development. 

Shared parking A parking strategy designed to reduce the total number of parking spaces needed within 
an area, by allowing adjacent users to share parking areas during noncompeting hours of operation (e.g., a 
shared lot for a theater and an office building). 

Sheetflow A flow condition during a storm where the depth of stormwater runoff is very shallow in 
depth and spread uniformly over the land surface. This sheet flow quickly changes into concentrated 
channel flow within several hundred feet. 

Short circuit A situation in which polluted runoff bypasses a stormwater treatment facility. 

Significant tree Any tree which is more than 12 inches in diameter as measured 4.5 feet above the root 
crown; or any tree with a diameter of any two trunks of at least 16 inches as measured 4.5 feet above the 
root crown. Any oak tree of the Quercus genus more than 6 inches in diameter as measured 4.5 feet above 
the root crown; or any such tree with a total diameter of any two trunks of at least 8 inches as measured 
4.5 feet above the root crown. 

Smart growth A set of development principles to improve community livability, including mixing land 
uses, creating a range of housing types, preserving green space, creating compact and walkable 
development with a variety of transportation options, and focusing new development in or near areas of 
existing development. 

Steep slope An area of land that has a slope angle of 25% or greater. 

Stormwater conveyance A system of gutters, pipes, or ditches used to carry stormwater from 
surrounding land areas to constructed or natural drainage systems. 

Stormwater runoff Rain that flows off the surface of the land without entering the soil. 

Structural control A practice that involves design and construction of a facility to mitigate the adverse 
impact of urban runoff and often requires maintenance. 

Subdivision The process (and the result) of dividing a parcel of raw land into smaller buildable sites, 
streets, open spaces, and public areas, and the designation of utilities and other improvements. 
Regulations govern the density and design of new subdivisions. 
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Surface water Water on the surface of the land that has not infiltrated the soil including streams, lakes, 
rivers, and ponds. 

SUSMP Standard Urban Stormwater Mitigation Plan for land development projects and public 
improvement projects. 

Swale An open drainage channel that has been explicitly designed to detain, evaporate, and/or infiltrate 
the runoff associated with a storm event. 

Thermal load Heat energy stored and transported by stormwater runoff. Thermal load is a function of 
both the temperature and quantity (mass or volume) of runoff. 

Treatment control IMP (treatment control BMP) Any engineered system designed and constructed to 
remove pollutants by simple gravity settling of particulate pollutants, filtration, biological uptake, media 
absorption or any other physical, biological, or chemical process. 

Treatment train A stormwater technique in which several treatment types (filtration, infiltration, 
retention, evaporation) are used in conjunction with one another and are integrated into a comprehensive 
runoff management system. 

Unit pavers Concrete grid and modular pavement whose spaces are filled with pervious materials such 
as sod, sand, or gravel. 

Vector A vector is any insect (mosquitoes), arthropod, rodent or other animal that is capable of harboring 
or transmitting a causative agent of human disease. 

Volume-based practices IMPs for which pollutant removal depends on the volume of stormwater 
treated, such as detention, retention, and infiltration basins. 

Water table The upper surface of groundwater or the level below which the soil is saturated with water. 
The water table indicates the uppermost extent of groundwater. 

Watercourse A permanent or intermittent stream or other body of water, either natural or improved, 
which gathers or carries surface water. 

Watershed The geographic region within which water drains into a particular river, stream or body of 
water. A watershed includes hill, lowlands, and the body of water into which the land drains. Watershed 
boundaries are defined by the ridges of separating watersheds. See also drainage basin.  

Xeriscape Landscaping commonly used in arid regions that requires little or no irrigation through the 
selection of drought-tolerant plants.  

Zero discharge areas Landscaped or turf areas that drain directly off-site or to a storm drain system 
without discharging runoff to on-site impervious areas. Also called self-treating areas. 

Zoning A set of regulations and requirements which govern the use, placement, spacing, and size of land 
and buildings within a specific area (zone). 
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A.1 BIORETENTION AREAS 

 
Location: Market Street Family Resource Center, San Diego, California. Source: RBF Consulting. 

Figure A.1-1. Bioretention in landscaped area. 

A.1.1 DESIGN 
The design of a bioretention area can be broken down to a nine-step process. Table A.1-1 summarizes the 
steps, which this chapter describes in greater detail. 
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Table A.1-1. Bioretention iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Integrated 

Management 

Practice (IMP) 

Siting 

(A-3) 

Layout and site 
incorporation 

Based on available space and maintenance access, incorporate 
into parking lot islands, medians, and perimeter; install along the 
roadway right-of-way; incorporate as landscaped areas 
throughout the property; or dedicate space for larger, centralized 
bioretention areas. 

2 Determine IMP 

Function and 

Configuration 

(A-4) 

Impermeable liner If noninfiltrating, use an impermeable clay layer, geomembrane 
liner, and concrete (as described in Common Design Elements).  

Underdrain (required if 
subsoil infiltration rate 
is less than 0.5 inches 
per hour [in/hr], as in 
hydrologic soil groups 
C and D [HSG C & D]) 

Schedule 40 PVC pipe with perforations (slots or holes) every 6 
inches. The 4-inch diameter lateral pipes should join a 6-inch 
collector pipe, which conveys drainage to the downstream storm 
network. Provide cleanout ports/observation wells for each 
underdrain pipe (see Common Design Elements).  

Internal water storage 
(IWS) 

If using underdrain and infiltration, elevate the outlet to create a 
sump for additional moisture retention to promote plant survival 
and enhanced treatment. Top of IWS should be greater than 18 
inches below surface. 

No underdrain If design is fully infiltrating, ensure that subgrade compaction is 
minimized. 

Lateral hydraulic 
restriction barriers 

Use a geomembrane, concrete, or bentonite clay to restrict 
lateral flows to adjacent subgrades, foundations, or utilities. 

3 Determine IMP 

Sizing Approach 

(A-9) 

Flow-based (common 
SUSMP methodology) 

Refer to chapters 2 and 4 of the County SUSMP for appropriate 
sizing factors to determine surface area, ponding depth, and 
media depth. Step 4 of this design guidance section can be 
skipped when using this method. 

Volume-based (water 
quality methodology) 

Per the County SUSMP, the volume of the 24-hour 85th 
percentile storm is required for the water quality treatment 
method. 

4 Size the System 

(A-9) 

Temporary ponding 
depth  

6 to 18 inches (6 to 12 inches near schools or in residential 
areas); average ponding depth of 9 inches is recommended. 

Soil media depth 1.5 to 4 feet (deeper for increased storage and deeper rooting 
depths). 

Surface area (volume-
based water quality) 

Find surface area required to store treatment volume within 
temporary ponding depth, soil media depth, and gravel drainage 
layer depth (media porosity ≈ 0.35 and gravel porosity ≈ 0.4). 

5 Specify Soil 

Media 

(A-11) 

Composition and 
texture (by volume) 

65 percent sand, 20 percent sandy loam, and 15 percent 
compost (from vegetation-based feedstock). Animal wastes or 
by-products should not be applied.  

Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 
in/hr for alternative designs, as approved by local jurisdiction). 

Chemical composition Total phosphorus < 15 parts per million (ppm); pH 6–8; 
cation exchange capacity > 5 milliequivalents per 100 grams 
(meq/100 g) of soil; organic matter content < 5 percent by weight. 
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Design step 

Design component/ 

consideration General specification 

Drainage layer Separate soil media from underdrain layer with 2 to 4 inches of 
washed sand, followed by 2 inches of choking stone (ASTM No. 
8) over a 1.5-foot envelope of ASTM No. 57 stone. 

6 Design Inlet and 

Pretreatment 

(A-12) 

Inlet Provide stabilized inlets (see Common Design Elements). 

Pretreatment Install rock-armored forebay (concentrated flow), gravel fringe 
and vegetated filter strip (sheet flow), or vegetated swale. 

7 Select and Design 

Overflow/Bypass 

Method 

(A-14) 

Outlet configuration  Online: All runoff is routed through system; install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Offline: Only treated volume is diverted to system; install a 
diversion structure or allow bypass of high flows (see Common 
Design Elements). 

Hydromodification 
control 

Provide additional storage and size an appropriate nonclogging 
orifice or weir to dewater detention volume. 

8 Select Mulch and 

Vegetation 

(A-19) 

Mulch Dimensional chipped hardwood or triple-shredded, well-aged 
hardwood mulch that is 3 inches deep. 

Vegetation See Plant Palette (Appendix E). 

9 Design for Multi-

Use Benefits 

(A-20) 

Additional benefits Include features to enhance habitat, aesthetics, public education, 
and shade. 

 

A.1.1.1 STEP 1. IMP SITING 
Bioretention can be incorporated in many places to meet more than one project-level or watershed-scale 
objective. Examples include the following: 

 Landscaped parking lot islands 

 Common landscaped areas 

 Parks and along open space edges 

 Rights-of-way along roads 

The bioretention area’s configuration will determine the required components. Figure A.1-2 shows an 
example of the components of a typical bioretention area. When siting bioretention, consideration must 
always be given to provide access for routine, intermittent, and rehabilitative maintenance activities. 

Bioretention areas can be combined with other integrated management practices (IMPs) to form a 
treatment train that can enhance water quality treatment and reduce runoff volume and rate. 
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Figure A.1-2. Basic bioretention components. 

A.1.1.2 STEP 2. DETERMINE IMP FUNCTION AND CONFIGURATION 
The following selection matrix (Figure A.1-3) and subsections describe the necessary steps to determine 
if the bioretention area will safely function as an infiltration or filtration IMP and provide a 
recommendation for the IMP configuration. Figure A.1-4 through Figure A.1-7 provide profile 
illustrations for each configuration. 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE A-5 

 

Figure A.1-3. Bioretention function selection matrix. 
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Figure A.1-4. Configuration 1 – Infiltration bioretention with no underdrain. 

 

Figure A.1-5. Configuration 2 – Infiltration bioretention with upturned underdrain. 
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Figure A.1-6. Configuration 3 – Infiltration bioretention with underdrain on the subgrade. 

 

 

Figure A.1-7. Configuration 4 – Filtration bioretention with impermeable liner and underdrain 
on the subgrade. 



PAGE A-8 APPENDIX A. INTEGRATED MANAGEMENT PRACTICE DESIGN GUIDANCE 

A.1.1.2.1 GEOTECHNICAL INVESTIGATION 

A licensed soil scientist or geotechnical engineer should conduct a geotechnical investigation before the 
IMP design. The investigator should determine the infiltration rate of the soils at the potential subgrade of 
the bioretention call, the depth to the seasonally high groundwater table, the presence of expansive clay 
minerals, and the risk for sinkhole formation. Site location with respect to aquifer recharge zones, steep 
slopes, water supply wells, and septic drain fields must also be assessed. See Common Design Elements 
for more details. 

A.1.1.2.2 DETERMINE IF INFILTRATION IS PERMITTED 

Infiltration is not permitted if: 

 Soil contamination is expected or is present. 

 Runoff could unintentionally be received from a stormwater hotspot (as determined in the 
Standard Urban Stormwater Mitigation Plan [SUSMP]). 

 Seasonal high groundwater table is within 10 feet of the proposed subgrade. 

 Site is within 100 feet of a water supply well or septic drain field. 

 Site is within 10 feet of a structure or foundation. 

 Infiltrated water could interfere with utilities. 

 Underlying geology presents risks for sinkholes or liquefaction. 

 Site is within 50 feet of a steep, sensitive slope (as determined in the geotechnical analysis; see 
Common Design Elements). 

A.1.1.2.3 DESIGN UNDERDRAIN AND INTERNAL WATER STORAGE 

If infiltration is not permitted, an underdrain is required. For recommended underdrain specifications, see 
Common Design Elements. To provide internal water storage (IWS) the underdrain outlet should be 
elevated above the subgrade and the outlet invert should be at least 1.5 feet below the bioretention bed 
surface (Clark and Pitt 2009; Hunt et al. 2012). It is typically most convenient to upturn the underdrain 
within the receiving outlet structure using a tee connection for ease of construction and maintenance 
(Error! Reference source not found.). 

A.1.1.2.4 DETERMINE IF LATERAL HYDRAULIC RESTRICTION BARRIERS ARE NEEDED 

When bioretention areas are near sensitive infrastructure, such as pavement subgrades or buried utilities, 
hydraulic restriction barriers are often required to prevent lateral seepage. Hydraulic restriction barriers 
are often installed the full depth of excavation. Occasionally they are keyed in to greater depths to ensure 
deep vertical infiltration; the geotechnical investigator should determine the required extent of hydraulic 
restriction barriers. Common Design Elements provides specific details concerning lateral hydraulic 
restriction barrier design. 
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A.1.1.3 STEP 3. DETERMINE IMP SIZING APPROACH 
The bioretention area must be sized according to the methods outlined in San Diego County’s Standard 
Urban Stormwater Mitigation Plan (County SUSMP). The County SUSMP allows a flow-based sizing 
and volume-based sizing methodology. If sizing using the flow-based methodology, chapters 2 and 4 of 
the County SUSMP present relevant sizing regulatory requirements, and step 4 of this design guidance 
section can be bypassed. If sizing using the volume-based methodology, step 4 of this section presents the 
relevant sizing requirements. 

A.1.1.4 STEP 4. SIZE THE SYSTEM (VOLUME-BASED) 
Chapter 4 of the County SUSMP addresses the methods for determining the size of the IMP area. The 
following sections present additional considerations when using this method, such as targeted pollutant 
removal and the media depths required for supporting the desired vegetation. 

Chapter 2 of the County SUSMP describes an alternative method to meet required water quality treatment 
volume. This method can be used to determine the volume of water that must be treated. Once the 
treatment volume is determined, vertical dimensions should be selected on the basis of pollutants of 
concern and site constraints before calculating the IMP footprint. The following subsections provide 
guidance on sizing the surface ponding depth, media depth, and footprint of bioretention areas. 

A.1.1.4.1 SURFACE PONDING DEPTH 

Bioretention area ponding depths should be designed following recommendations in Table A.1-2. 

Table A.1-2. Bioretention design ponding depths 

Surface ponding Depths Selection guidance 

Minimum 6 inches Provides additional storage to offset media depth requirements. 

Recommended 9 inches Ensures public safety while reducing the bioretention footprint. 

Maximum 12 to 18 inches 
Only use 18 inches if hydromodification mitigation is desired 
(details provided in Step 7). 

Source: Heasom et al. 2006; Hunt et al, 2012. 

A.1.1.4.2 SOIL MEDIA DEPTH 

Soil media depth should be optimized to meet hydrologic and water quality goals, but should have a 
minimum depth of 1.5 feet. (Three feet is recommended for systems with IWS; Hunt et al. 2012.) The soil 
media provides a beneficial root zone for the chosen plant palette and adequate water storage for the 
water quality volume. Table A.1-3 presents recommended media depths based on vegetation type. Table 
A.1-4 summarizes the minimum recommended media depths for targeted removal of various pollutants 
(as detailed in section 3.2.1). 
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Table A.1-3. Bioretention design media depths 

Media Depths Selection guidance 

Minimum 1.5 feet 
Vegetation is limited to shallow roots. Majority of sediment 
pollutant removal occurs within first 18 inches of soil. 

Recommended 3 feet 
Vegetation can include trees and shrubs. All pollutants, with the 
exception of thermal pollutants, are typically mitigated. Minimum 
recommended depth for IWS systems. 

Maximum 4 feet 
Vegetation is typically unrestrained. Depths greater than 4 feet 
result in high excavation costs disproportionate to pollutant 
removal benefit. 

Source: Hunt et al. 2012. 

Table A.1-4. Minimum bioretention media depth to treat pollutants of concern 

Pollutant of concern Removal zone Recommended depth 

Sediment Surface, top 2 to 8 inches 1.5 feet 

Total nitrogen At depth in IWS layer (>2 feet) 3 feet 

Total phosphorus Top 1 to 2 feet 2 feet 

Pathogens Top 1 to 2 feet 2 feet 

Metals Top 1 to 2 feet 2 feet 

Oil and grease Surface 2 feet 

Temperature At depth 4 feet 

Source: Hunt et al. 2012. 

A.1.1.4.3 SIZE SURFACE AREA 

Using the alternative method in chapter 2 of the County SUSMP, the footprint of the bioretention area 
should be calculated after the desired ponding and soil media depths have been selected. Bioretention 
areas should be sized to fully capture the treatment volume, determined in the County SUSMP chapter 2, 
within the surface ponding zone and subsurface pore space. Available storage in the subsurface soil media 
and gravel drainage layer should be determined on the basis of the laboratory-measured porosity of 
materials that will be installed on-site; this information is typically available from suppliers or quarries. 
The porosity, n, of bioretention media can be estimated as 0.35, and the porosity of ASTM No. 57 gravel 
can be estimated as 0.40 for preliminary calculations (Brown et al. in press). 

  
  
  

 

where 

n = porosity (volume/volume) 
Vv = volume of void space 
VT = total volume 
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The equivalent storage depth for a unit bioretention cross section can be calculated as: 

    (        )  (             )  (               ) 

where 

Deq = equivalent depth of water stored in representative cross sectional of bioretention 
Dsurface = average depth of temporary surface ponding (maximum 12 inches) 
nmedia = porosity of soil media 
Dmedia = depth of soil media 
ngravel = porosity of gravel drainage layer 
Dgravel = depth of gravel drainage layer 

If the bioretention area is being used for peak flow mitigation, the detention storage depth (volume that 
will bypass the soil media) cannot be included in Dsurface. Step 7 provides more information. 

The treatment volume (Vwq) is divided by the equivalent depth (Deq) to calculate the required bioretention 
footprint: 

  
   

   
 

where 

A = required bioretention footprint (area) 
Vwq = water quality treatment volume (determined in County SUSMP chapter 2) 
Deq = equivalent depth 

A.1.1.5 STEP 5. SPECIFY SOIL MEDIA 
Soils must be allowed to dry out periodically to restore hydraulic capacity to receive flows from 
subsequent storms, maintain infiltration rates, maintain adequate soil oxygen levels for healthy soil biota 
and vegetation, and to provide proper soil conditions for biodegradation and retention of pollutants. Soil 
media should be designed to meet the drawdown times specified in Table A.1-5. 

Table A.1-5. Bioretention drainage drawdown times 

Drawdown time Media drainage guidance 

12 hours Recommended design surface storage drawdown time 

24 hours Maximum surface storage drawdown time permitted 

48 hours Maximum media storage drawdown time 

96 hours Maximum drainage layer drawdown time 

 

High background levels of phosphorus in the media have been identified as the main cause of bioretention 
areas exporting nutrients (Hunt and Lord 2006). All bioretention media should be analyzed for 
background levels of nutrients. All soil properties should be measured by a qualified soils laboratory. 
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Soil media should meet the specifications listed in Table A.1-6. If the existing soils meet the criteria, it 
can be used as the soil media. If the existing soils do not meet the criteria, soils should be amended with 
the appropriate components or a substitute media must be used. 

Table A.1-6. Bioretention soil media specifications 

Parameter Specification1 

Texture and 
composition 
(by volume) 

Soil media should consist of a loamy sand conforming to the following specifications: 

 65 percent sand, 20 percent sandy loam, 15 percent compost with 2–5 percent organic 
matter 

Organic matter 
material 

Aged bark fines, hardwood chips, leaf litter, or similar plant-derived organic material. Studies 
have also shown newspaper mulch to be an acceptable additive (Davis 2007; Kim et al. 
2003). Organic matter should not include animal manure or by-products. 

Infiltration rates 5 in/hr required by the flow-based SUSMP sizing method 

pH 6 to 8 

Cation exchange 
capacity  Greater than 5 milliequivalents per 100 grams (meq/100 g) of soil 

Phosphorus Total phosphorus should not exceed 15 parts per million (ppm). 
1 Refer to Appendix G for further details on bioretention soil media specifications. 

A.1.1.6 STEP 6. DESIGN INLET AND PRETREATMENT 
Inlets must be designed to convey the design storm volume into the bioretention area, while limiting 
ponding or flooding at the entrance to the bioretention area and protecting the interior of the bioretention 
area from damage. Table A.1-7 provides a few examples of pretreatment recommendations and design 
options. 

Table A.1-7. Inlet and pretreatment design parameters 

Inflow type 

Typical 

inlets 

Energy dissipation/ 

pretreatment Pretreatment size Figure 

Sheet 
(overland) 

Curb cuts1 
Mild grades, gravel 
fringe 

2-inch layer of ASTM No. 57 stone 
(underlain by filter fabric) extending 
2 to 3 feet from pavement edge. Slope 
should not exceed 3:1 (horizontal : 
vertical) 

Figure A.1-8 

Concentrated 
Channel, 
conduit, or 
swale 

Rock-armor forebay 

Rock apron (if no 
pretreatment required) 

Forebay: 10 percent of total IMP area. 
Flow velocities should not exceed 3 
feet per second for grassed surfaces 
and 1 foot per second for mulched 
surfaces. 

Figure A.1-9 

Figure A.1-10 

1 Design guidance is provided in The Common Design Elements section. 
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Figure A.1-8. Gravel fringe and vegetated filter strip pretreatment. 

 

Figure A.1-9. Inlet and pretreatment provided by mortared cobble forebay and energy dissipater. 
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Source: RBF Consulting 

Figure A.1-10. Rock apron. 

A.1.1.7 STEP 7. SELECT AND DESIGN OUTLET/BYPASS METHOD 
Two design configurations (offline or online) can be used to treat storms that are larger than the 
bioretention area is designed to store. If peak flow cannot be fully mitigated by the flow rate through the 
soil media, the outlet can be adapted to meter the rate of outflow. Table A.1-8 compares the available 
outlet/bypass configurations for bioretention. Table A.1-9 outlines the recommended outlet type based on 
the IMP siting factors discussed in section A.1.1.1. 
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Table A.1-8. Outlet/bypass configuration details 

 Offline  Online 

Outlet 

design 
Bypass at inlet 
(Figure A.1-11) 

Vertical riser  
(Figure A.1-12) 

Flow spreader  
(Figure A.1-13) 

Description Stormwater bypasses 
the bioretention area 
once capacity has been 
exceeded. 

Elevated outlet structure that is 
connected to the underdrain or 
directly to the drainage system 
(concrete drop inlet or PVC pipe 
depending on flow rates). 

Diffuses overflows along the exit 
edge. Covered with stable, 
watertight material. If sod is 
desired, a turf reinforcement mat 
should be installed to prevent 
scour. 

Diversion structure can 
direct flows to 
bioretention area. 
Diversion structure 
design is discussed in 
Common Design 
Elements. 

Set at the specified ponding depth 
and capped with an appropriate 
nonclogging grate. 

Set at specified ponding depth, or 
slightly greater if used in 
conjunction with a vertical riser. 

Sized to safely convey flows 
greater than the water quality 
design storm. 

Can be designed as a weir to allow 
for varied outlet flows. 

 

Table A.1-9. Bioretention outlet/bypass recommendations by implementation areas 

IMP Siting Recommended Outlet Type 

Landscaped parking lot islands Offline or Online 

Common landscaped areas Offline or Online 

In parks and along open space edges Offline or Online 

In rights-of-way along roads Offline 

 

 

Figure A.1-11. Offline bioretention area where system fills to capacity and excess flow bypasses along 
curbline at inlet. 
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Figure A.1-12. Online bioretention area with a vertical riser overflow and a variable flow outlet 
structure. 

 

Figure A.1-13. Flow spreaders (illustrated as a stabilized earthen berm in this photograph) 
can be used to regulate ponding depths in small, online bioretention areas. 
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A.1.1.7.1.1 DESIGNING FOR HYDROMODIFICATION 

Bioretention facilities can be designed for hydromodification flow control by modifying the standard 
bioretention facility design criteria detailed in the County SUSMP. Specifically, hydromodification flow 
control can be provided by increasing both the surface area sizing factor and subsurface gravel storage 
layer as compared to the standard bioretention facility design, and also by modifying the facility 
underdrain design. To provide hydromodification flow control, the surface area sizing factor will increase 
as compared to the standard sizing factor based on the project location (rain gage), pre-project soil type, 
and pre-project land slope. Table 4-8 of the County SUSMP provides required hydromodification flow 
control sizing factors. The sizing factors that Table 4-8 lists provide for both hydromodification flow 
control and water quality treatment control. Additional design changes include the extension of the 
subsurface gravel storage layer to a depth of 30 inches below the bottom of the amended soil mix layer to 
provide additional storage as compared to the standard design, in which only a thin layer of gravel is 
required for protection of the underdrain. Whereas the underdrain in the standard design is unobstructed, 
hydromodification flow control is provided by inserting an orifice plate in the underdrain and sizing the 
orifice to match the hydromodification low-flow threshold. Both the soil mix layer depth (18 inches) and 
the surface ponding depth (10 inches) are the same for both the standard bioretention design and the 
hydromodification flow control design. See the Hydromodification Management Plan in the County 
SUSMP for a more detailed discussion. 

Instead of increasing the SUSMP surface area and media depth, bioretention areas can be designed for 
peak flow mitigation by providing additional ponding storage and altering the discharge rate by 
modifying the outlet structure as shown in Figure A.1-14. If additional ponding is provided, the maximum 
ponding depth must not exceed 18 inches. The design should also allow for the maximum ponding drain-
down time of 24 hours. Orifices that can be clogged by debris should be protected with a trash rack, a 
hood, or by installing a downturned pipe. 

  
Outlet structures designed for peak flow mitigation in Camp Pendleton, California (left), where a graduated riser pipe regulates 
drawdown of the detention volume, and (right) at Southwest Middle School in Gastonia, North Carolina, where orifices allow 
controlled dewatering of the detention volume—the water quality treatment volume is retained below the orifice elevation. 

Figure A.1-14. Bioretention outlet structures designed for peak flow mitigation. 
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Discharge of the detention volume through orifices and weirs can be calculated using the following 
equations: 

Orifice:      √    
Weir:          

where 

Q = discharge (ft/s2) 
Cd = coefficient of discharge (0.6 for sharp openings, 0.8 for pipe openings) 
A = cross-sectional area of orifice 
g = acceleration due to gravity (32.2 ft/s2) 
H = head of water acting on the structure (height of water over the centerline of the orifice or height 

of water over the crest of the weir) 
C = discharge coefficient (3.33 for broad-crested weir, 3.0 for sharp-crested weir) 
L = total length of weir (perpendicular to flow) 

Additional storage to meet the Hydromodification Management Plan requirements can be provided by 
incorporating an IWS as discussed in section A.1.1.2.3 and a deeper storage layer beneath the soil media 
as shown in Figure A.1-15. 

 

Figure A.1-15. IWS with additional storage below the soil media layer. 
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A.1.1.8 STEP 8. SELECT MULCH AND VEGETATION 
Both mulch and vegetation are critical design components of bioretention areas from hydrologic, water 
quality, and aesthetic perspectives. Much of the biological activity in bioretention areas occurs in the 
mulch and root zone. The following subsections provide specifications for mulch and vegetation. 

A.1.1.8.1 MULCH 

Mulch should meet the following criteria: 

 Dimensional, chipped hardwood material, similar to that shown in Figure A.1-16, is preferred for 
its permeability of both water and air. Well-aged, triple-shredded hardwood material can also be 
used if dimensional, chipped hardwood material is unavailable. (Well-aged mulch is defined as 
mulch that has been stockpiled or stored for at least 12 months.) 

 Must be free of weed seeds, soil, roots, and other material that is not hardwood material. 

 Adequate mulch must be available for spreading to a depth of 2 to 4 inches thick, with 3 inches 
preferred. (Thicker applications can inhibit proper oxygen and carbon dioxide cycling between 
the soil and atmosphere.) 

Note that grass clippings, pine nuggets, or pure bark should NOT be used as mulch. 

 

Figure A.1-16. Triple-shredded hardwood mulch. 
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A.1.1.8.2 VEGETATION 

Appropriate vegetation will have the following characteristics: 

 Plant materials must tolerate summer drought and extreme heat, ponding fluctuations, and 
saturated soil conditions for 12 to 48 hours. 

 At least three of each tree, shrub, and herbaceous groundcover species should be incorporated to 
protect against facility failure caused by disease and insect infestations of a single species. 

 Vegetation with deep and extensive root systems is more tolerant of extreme hydroperiods and 
can effectively transpire large volumes of soil water. Planting deep-rooting vegetation directly 
above buried underdrains should be avoided (although interference of plant roots with 
underdrains is not a common maintenance issue). 

 Using native plant species or hardy cultivars that are not invasive and do not require chemical 
inputs is recommended to the maximum extent practicable. Only native noninvasive species 
should be selected for areas designated as natural open space. 

 Shade trees should be free of branches below the following heights: 

Caliper (inches) Height (feet) 

0.5 to 2.5 5 

3 6 

 

 Tree height and placement should consider overhead utilities. 

 If large trees are to be planted in deep-fill media, care should be taken to prevent windthrow. 
Stakes and guy lines might be required to stabilize the trees during establishment. 

 If turfgrass is preferred, sod that was not grown in clay soils should be selected (or washed “bare 
root” sod should be specified). 

 Appendix E provides a full list of native plants appropriate for bioretention areas in the San Diego 
region. 

Many options exist for vegetation arrangement and will most likely depend on the landscaping of the area 
around the bioretention facility. Size-limited landscaping could be required for bioretention areas in the 
right-of-way to maintain the required sight distances. Considerations should be given to water depth, 
bioretention configuration, desired aesthetic appearance, and potential multi-use benefits. 

A.1.1.9 STEP 9. DESIGN FOR MULTI-USE BENEFITS 
In addition to enhancing biodiversity and beautifying the urban environment with native vegetation, the 
following components can be incorporated into bioretention to promote multi-use benefits: 

 Simple signage or information kiosks can educate the public on the benefits of watershed 
protection measures or provide a guide for native plant and wildlife identification. 

 Bird and butterfly feeders can be used to attract wildlife to the bioretention area. 
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 Sculptures and other art can be installed in the bioretention area, and outlet structures can be 
painted in lively colors. 

 Ornamental plants can be cultivated along the perimeter and in the bed of bioretention areas. 
(Invasive plants should be avoided.) 

 Larger bioretention areas can be equipped with pedestrian cross-paths or benches for wildlife 
viewing. 

 Bioretention areas can function as irrigation beds for stormwater captured by other IMPs, such as 
rainwater harvesting or the reservoir layer of permeable pavement. 

 Vegetation with canopy cover can provide shade, localized cooling, and noise dissipation. 

 Volunteer groups can be organized to perform basic maintenance as an opportunity to raise public 
awareness. 

A.1.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing are critical to bioretention cell performance. Failure of improperly 
constructed systems can be easily avoided by effectively communicating with the contractor and by 
inspecting the system during key steps. In addition to the general construction considerations provided in 
Chapter 4, emphasizing the following points will help ensure successful installation of bioretention cells: 

 Minimize and mitigate compaction by scarifying subsoil surface. 

 Inspect soil media before placement. 

 Verify that average ponding depth is provided. 

A.1.3 OPERATIONS AND MAINTENANCE 
Bioretention areas require regular plant, soil, and mulch layer maintenance to ensure optimum infiltration, 
storage, and pollutant removal capabilities. Table A.1-10 provides a detailed list of maintenance 
activities. 
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Table A.1-10. Inspection and maintenance tasks 

Task Frequency 

Indicator maintenance is 

needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly with 
routine property 
maintenance 

Excessive sediment, trash, or 
debris accumulation on the 
surface of bioretention 

Permanently stabilize any 
exposed soil and remove any 
accumulated sediment. Adjacent 
pervious areas might need to be 
re-graded. 

Inlet inspection Weekly or biweekly with 
routine property 
maintenance 

Internal erosion or excessive 
sediment, trash, and debris 
accumulation 

Check for sediment accumulation 
to ensure that flow into the 
bioretention is as designed. 
Remove any accumulated 
sediment. 

Trash and leaf 
litter removal 

Weekly or biweekly with 
routine property 
maintenance 

Accumulation of litter and leafy 
debris within bioretention area 

Litter and leaves should be 
removed to reduce the risk of 
outlet clogging, reduce nutrient 
inputs to the bioretention area, 
and to improve facility aesthetics. 

Pruning One to two times per 
year 

Overgrown vegetation that 
interferes with access, lines of 
sight, or safety 

Nutrients in runoff often cause 
bioretention vegetation to flourish. 

Mowing two to twelve times per 
year 

Overgrown vegetation that 
interferes with access, lines of 
sight, or safety 

Frequency depends on location 
and desired aesthetic appeal. 

Mulch removal 
and replacement 

One time every 2 to 3 
years 

2/3 of mulch has decomposed Mulch accumulation reduces 
available surface water storage 
volume. Removal of decomposed 
mulch also increases surface 
infiltration rate of fill soil. Remove 
decomposed fraction and top off 
with fresh mulch to a total depth of 
3 inches 

Temporary 
watering 

One time every 2 to 3 
days for first 1 to 2 
months, sporadically 
after established 

Until established and during 
severe droughts 

Watering after the initial year 
might be required. 

Fertilization One time initially Upon planting One-time spot fertilization for first 
year of vegetation. 

Remove and 
replace dead 
plants 

One time per year Dead plants Within the first year, 10 percent of 
plants can die. Survival rates 
increase with time. 

Outlet inspection Once after first rain of the 
season, then monthly 
during the rainy season 

Erosion at outlet Remove any accumulated mulch 
or sediment. Ensure IMP 
maintains a drain-down time of 
less than 72 hours. 

Miscellaneous 
upkeep 

Twelve times per year Tasks include trash collection, plant health, spot weeding, removing 
invasive species, and removing mulch from the overflow device. 
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A.2 BIORETENTION SWALES 

 
Location: Logan Avenue, San Diego, California. 

Figure A.2-1. Bioretention Swale in roadway median (rendering). 
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A.2.1 DESIGN 
The design of a bioretention swale can be broken down to a nine-step process. Table A.2-1 summarizes 
the steps, which this chapter describes in greater detail. 

Table A.2-1. Bioretention swale iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Integrated 

Management 

Practice (IMP) 

Siting 

(A-26) 

Layout and site 
incorporation 

Based on available space and maintenance access, incorporate 
into parking lot islands, medians, and perimeter; install along the 
roadway right-of-way; incorporate as landscaped areas 
throughout the property. 

2 Determine IMP 

Function and 

Configuration 

(A-27) 

Impermeable liner If noninfiltrating, use an impermeable clay layer, geomembrane 
liner, and concrete (as described in Common Design Elements)  

Underdrain (required if 
subsoil infiltration rate 
is less than 0.5 inches 
per hour [in/hr], as in 
hydrologic soil groups 
C and D [HSG C & D]) 

Schedule 40 PVC pipe with perforations (slots or holes) every 
6 inches. The 4-inch diameter lateral pipes should join a 6-inch 
collector pipe, which conveys drainage to the downstream storm 
network. Provide cleanout ports/observation wells for each 
underdrain pipe (see Common Design Elements).  

Internal water storage 
(IWS) 

If using underdrain and infiltration, elevate the outlet to create a 
sump for additional moisture retention to promote plant survival 
and enhanced treatment. Top of IWS should be greater than 
18 inches below surface. 

No underdrain If design is fully infiltrating, ensure that subgrade compaction is 
minimized. 

Lateral hydraulic 
restriction barriers 

Use a geomembrane, concrete, or bentonite clay to restrict 
lateral flows to adjacent subgrades, foundations, or utilities. 

3 Determine IMP 

Sizing Approach 

(A-29) 

Flow-based (common 
SUSMP methodology) 

Refer to chapters 2 and 4 of the County SUSMP for appropriate 
sizing factors to determine surface area, ponding depth, and 
media depth. Step 4 of this design guidance section can be 
skipped when using this method. 

Volume-based (water 
quality methodology) 

Per the County SUSMP, the volume of the 24-hour 85th 
percentile storm is required for the water quality treatment 
method. 

4 Size the System 

(A-29) 

Temporary ponding 
depth  

6 to 18 inches (6 to 12 inches near schools or in residential 
areas); average ponding depth of 9 inches is recommended. 

Soil media depth 1.5 to 4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths). 

Slope and grade 
control 

If necessary, use check dams to maintain maximum 2.5 percent 
bed slope. Install a 4-inch-deep layer of ASTM No. 57 stone 
(underlain by filter fabric) extending 2 feet downslope from check 
dam to prevent erosion. 

Surface area (volume-
based water quality) 

Find surface area required to store treatment volume within 
temporary ponding depth, soil media depth, and gravel drainage 
layer depth (media porosity ≈ 0.35 and gravel porosity ≈ 0.4). 
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Design step 

Design component/ 

consideration General specification 

5 Specify Soil 

Media 

(A-32) 

Composition and 
texture (by volume) 

65 percent sand, 20 percent sandy loam, and 15 percent 
compost (from vegetation-based feedstock). Animal wastes or 
by-products should not be applied. 

Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 
in/hr for alternative designs, as approved by local jurisdiction). 

Chemical composition Total phosphorus < 15 parts per million (ppm); pH 6–8; 
cation exchange capacity > 5 milliequivalents per 100 grams 
(meq/100 g) of soil; organic matter content < 5 percent by weight. 

Drainage layer Separate soil media from underdrain layer with 2 to 4 inches of 
washed sand, followed by 2 inches of choking stone (ASTM No. 
8) over a 1.5-foot envelope of ASTM No. 57 stone. 

6 Design Inlet and 

Pretreatment 

(A-32) 

Inlet Provide stabilized inlets (see Common Design Elements). 

Pretreatment Install rock-armored forebay (concentrated flow), gravel fringe 
and vegetated filter strip (sheet flow), or vegetated swale. 

7 Select and 

Design 

Overflow/Bypass 

Method 

(A-32) 

Outlet configuration  Online: All runoff is routed through system; install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Offline: Only treated volume is diverted to system; install a 
diversion structure or allow bypass of high flows (see Common 
Design Elements). 

Hydromodification 
control 

Provide additional storage and size an appropriate nonclogging 
orifice or weir to dewater detention volume. 

8 Select Mulch and 

Vegetation 

(A-32) 

Mulch Dimensional chipped hardwood or triple-shredded, well-aged 
hardwood mulch 3 inches deep. 

Vegetation See Plant Palette (Appendix E). 

9 Design for Multi-

Use Benefits 

(A-32) 

Additional benefits Include features to enhance habitat, aesthetics, public education, 
and shade. 

 

A.2.1.1 STEP 1. IMP SITING 
Bioretention swales can be incorporated in many places to meet more than one project-level or watershed-
scale objective. Examples include the following: 

 Landscaped parking lot islands 

 Between parking stalls in parking lots 

 Rights-of-way along roads 

The bioretention swale’s configuration will determine the required components. Figure A.2-2 shows an 
example of the components of a typical bioretention swale. When siting bioretention swales, 
consideration must always be given to provide access for routine, intermittent, and rehabilitative 
maintenance activities. 
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Bioretention swales can be combined with other integrated management practices (IMPs) to form a 
treatment train that can enhance water quality treatment and reduce runoff volume and rate. 

 

Figure A.2-2. Bioretention swale components. 

A.2.1.2 STEP 2. DETERMINE IMP FUNCTION AND CONFIGURATION 
Bioretention swale configuration selection should follow the selection matrix outlined in the Bioretention 
section (A.1.1.2). Figure A.2-3 through Figure A.2-6 illustrate the recommended configurations. 

  

Figure A.2-3. Configuration 1 – Infiltration bioretention swale with no underdrain. 
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Figure A.2-4. Configuration 2 – Infiltration bioretention swale with upturned underdrain. 

 

  

Figure A.2-5. Configuration 3 – Infiltration bioretention swale with underdrain on the subgrade. 
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Figure A.2-6. Configuration 4 – Filtration bioretention swale with impermeable liner and underdrain 
on the subgrade. 

A.2.1.2.1 DETERMINE IF LATERAL HYDRAULIC RESTRICTION BARRIERS ARE NEEDED 

Lateral restriction barrier guidance should follow the requirements outlined in the Bioretention section 
(A.1.1.2.4). 

A.2.1.3 STEP 3. DETERMINE IMP SIZING APPROACH 
The bioretention swale must be sized according to the methods outlined in the County SUSMP. The 
SUSMP allows a flow-based sizing and volume-based sizing methodology. If sizing using the flow-based 
methodology, chapters 2 and 4 of the County SUSMP present relevant sizing regulatory requirements, 
and step 4 of this design guidance section can be bypassed. If sizing using the volume-based 
methodology, step 4 of this section presents relevant sizing requirements. 

A.2.1.4 STEP 4. SIZE THE SYSTEM (VOLUME BASED) 
Chapter 4 of the County SUSMP addresses methods for determining the size of the IMP area. The 
following sections present additional considerations when using this method, such as targeted pollutant 
removal and the media depths required for supporting the desired vegetation. 

Chapter 2 of the County SUSMP describes an alternative method to meet required water quality treatment 
volume. This method can be used to determine the volume of water that must be treated. Once the 
treatment volume is determined, vertical dimensions should be selected on the basis of pollutants of 
concern and site constraints before calculating the IMP footprint. The following subsections provide 
guidance on sizing the surface ponding depth, media depth, and footprint of bioretention swales. 

A.2.1.4.1 SURFACE PONDING DEPTH 
Surface ponding depth should follow the methods specified in the Bioretention section (A.1.1.4.1). 
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A.2.1.4.2 SOIL MEDIA DEPTH 

Soil media depth should follow the methods specified in the Bioretention section (A.1.1.4.2). 

A.2.1.4.3 SLOPE AND GRADE CONTROL 
If the bioretention swale will have longitudinal slope (parallel to flow), flow velocity should not exceed 1 
foot per second in mulched swales and 3 feet per second in grassed swales. The Vegetative/Rock Swales 
section (A.9.1.4) provides guidance for calculating flow velocity. 

Check dams might be required to ensure retention and infiltration of the design storm volume into the soil 
media. The maximum bed slope of the bioretention swale may not exceed 2.5 percent to prevent erosion, 
but bioretention swales with check dams may contain average slopes (from upslope to downslope end) of 
up to 4 percent. (The bed slope of each section between check dams must be 2.5 percent or less.) 

Check dams should be adequately embedded in the side slopes and can be constructed of concrete, metal 
sheet pile, or wood (Figure A.2-7). Earthen and stone check dams should not be used because of risk of 
erosion. The area downslope of check dams should be armored with at least a 4-inch-deep gravel or 
cobble layer extending 2 feet from the base of the check dam (as shown in Figure A.2-8). Gravel should 
consist of No. 57 stone and should be underlain by geotextile to prevent scour and erosion of underlying 
soil. Cobble can be mortared to prevent removal. 

 

Figure A.2-7. Bioretention swale with a check dam. 
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Figure A.2-8. Example profile of a bioretention swale with a check dam to retain the design storm 
volume. 

A.2.1.4.4 SIZE SURFACE AREA 

Surface area calculations should follow the methods outlined in the Bioretention section (A.1.1.4.3). 

A.2.1.4.5 REQUIRED NUMBER OF CHECK DAMS 

If the bed of the bioretention swale is sloped, the required number of check dams to create the desired 
ponding depth can be estimated using the following equations: 

  
        

    
 

     
      
 

 

where 

N = number of check dams required 
Lswale = total length of bioretention swale (ft) 
S = longitudinal slope of bioretention swale (ft/ft)  
hdam = (2  Dsurface) = height of check dams (ft; use a maximum height of 1.5) 
Ldam = distance between check dams (ft) 

The above equation is simplified and should be adjusted on the basis of specific site conditions and 
bioretention swale configuration. 
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A.2.1.5 STEP 5. SPECIFY SOIL MEDIA 
Soil media specifications should meet the requirements outlined in the Bioretention section (A.1.1.5). 

A.2.1.6 STEP 6. DESIGN INLET AND PRETREATMENT 
Inlet and pretreatment specifications should meet the requirements outlined in the Bioretention section 
(A.1.1.6). 

A.2.1.7 STEP 7. SELECT AND DESIGN OVERFLOW/BYPASS METHOD 
Overflow/bypass methods should follow the guidance given in the Bioretention section (A.1.1.7). 

A.2.1.8 STEP 8. SELECT MULCH AND VEGETATION 
Mulch and vegetation specifications should meet the requirements outlined in the Bioretention section 
(A.1.1.8). 

A.2.1.9 STEP 9. DESIGN FOR MULTI-USE BENEFITS 
Multi-use benefits are the same as those outlined in the Bioretention section (A.1.1.9). 

A.2.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow those presented in the Bioretention section (A.1.2) 
and chapter 4. 

A.2.3 OPERATIONS AND MAINTENANCE 
Operation and maintenance tasks follow those outlined in the Bioretention section (A.1.3). 

A.2.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.3 PERMEABLE PAVEMENT 

 
Location: Kellogg Park, San Diego, California. 

Figure A.3-1. Permeable interlocking concrete pavement. 

A.3.1 DESIGN 
The design of a permeable pavement system follows a nine-step process, as Table A.3-1 describes. 

Table A.3-1. Permeable pavement iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine 

Integrated 

Management 

Practice (IMP) 

Treatment Volume  

Runoff calculations Per chapter 2 of the County SUSMP, the volume of the 
24-hour 85th percentile storm is required for the water quality 
treatment method. 

2 IMP Siting 

(A-35) 

Layout and site 
incorporation  

Based on available space, incorporate into parking lots, 
parking lanes along roadways, pedestrian sidewalks and 
plazas, and fire access roads. 
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Design step 

Design component/ 

consideration General specification 

3 Select Permeable 

Pavement Surface 

Course 

(A-35) 

Surface course type Pervious concrete, porous asphalt, and permeable 
interlocking concrete pavers (PICP) are the preferred types of 
permeable pavement because detailed industry standards 
and certified installers are available. Concrete grid pavers and 
plastic grid systems are also available. 

4 Determine IMP 

Function and 

Configuration 

(A-41) 

Impermeable liner If noninfiltrating, use an impermeable clay layer, 
geomembrane liner, and concrete (as described in Common 
Design Elements).  

Underdrain (required if 
subsoil infiltration rate 
is less than 0.5 inches 
per hour [in/hr], as in 
hydrologic soil groups 
C and D [HSG C & D]) 

Schedule 40 PVC pipe with perforations (slots or holes) 
every 6 inches. The 4-inch diameter lateral pipes should join a 
6-inch collector pipe, which conveys drainage to the 
downstream storm network. Provide cleanout 
ports/observation wells for each underdrain pipe (see 
Common Design Elements).  

Internal water storage 
(IWS) 

If using underdrain and infiltration, elevate the outlet to create 
a sump to enhance infiltration and treatment. 

No underdrain If design is fully infiltrating, ensure that subgrade compaction 
is minimized. 

Lateral hydraulic 
restriction barriers 

Use a geomembrane, concrete, or bentonite clay to restrict 
lateral flows to adjacent subgrades, foundations, or utilities. 

Subgrade slope and 
geotextile 

Subgrade slope should be 0.5 percent or flatter. Baffles 
should be used to ensure retention of water quality volume. 
Geotextile should be used along perimeter of cut to prevent 
soil from entering the aggregate voids. 

5 Design the Profile 

(A-43) 

Surface area and 
reservoir depth 

Water quality volume should be fully stored within the 
aggregate base layers below the surface course. Base layer 
should be washed ASTM No. 57 stone. (Washed ASTM No. 2 
may be used as a sub-base layer for additional storage.) 

Structural Design A qualified and licensed professional should complete a 
pavement structural analysis. 

6 Design for 

Overlow/Bypass 

(A-44) 

Large-storm routing Poured-in-place systems: System can overflow internally or 
on the surface. 

Modular/Paver-type systems (PICP): Internal overflow is 
required to prevent upflow and transport of bedding course. 

7 Edge Restraints 

and Transitions 

(A-45) 

Transition strip Provide a concrete transition strip between any permeable 
and impermeable surface and around the perimeter of PICP 
installations. 

8 Design Signage 

(A-46) 

Signage regulations Signage should indicate prohibited activities that cause 
premature clogging and alert pedestrians and maintenance 
staff that the surface is intended to be permeable. 

9 Design for Multi-

Use Benefits  

(A-46) 

Additional benefits Provide educational signage, enhanced pavement colors, or 
stormwater reuse systems. 
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A.3.1.1 STEP 1. DETERMINE REQUIRED STORAGE VOLUME 
Permeable pavement must be sized to fully capture the desired or required design storm volume. Chapter 
2 of the County SUSMP presents relevant sizing regulatory requirements. 

A.3.1.2 STEP 2. IMP SITING 
Permeable pavement is typically designed as a self-treating area intended to treat stormwater that falls on 
the pavement surface area in spaces that are traditionally impervious. Permeable pavement may be 
designed as self-retaining areas where run-on will be allowed from a drainage area equal to no more than 
twice the area of the permeable pavement. Permeable pavement can be incorporated in many ways to 
achieve more than one project-level or watershed-scale objective. Examples include the following: 

 Parking lots 

 Parking lanes in rights-of-way along roads 

 Sidewalks and pedestrian plazas 

 Access roads and shoulders 

 Alleys 

Failure of permeable pavement typically occurs because the pore space becomes clogged. The following 
are situations where permeable pavement may require additional maintenance if implemented: 

 Runoff from pervious surfaces or high-sediment areas 

 Sites with a likelihood of high oil and grease concentrations 

 Overhanging trees with excessive defoliation 

Permeable pavement can be combined with other integrated management practices (IMPs) to form a 
treatment train that can enhance water quality treatment and reduce runoff volume and rate. 

A.3.1.3 STEP 3. SELECT PERMEABLE PAVEMENT SURFACE COURSE 
Multiple types of permeable pavement are currently available: pervious concrete, porous asphalt, 
permeable interlocking concrete pavers (PICP), concrete grid pavers, and plastic grid systems, among 
others. Pervious concrete and porous asphalt are considered pour-in-place solutions while PICP, concrete 
grid pavers, and plastic grid systems are considered modular. 

In general, pour-in-place solutions are best suited for large-scale application while modular systems are 
better suited for smaller areas because of the labor intensity required for installation. 

More detailed information for the various types of permeable pavement follows. 
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A.3.1.3.1 PERVIOUS CONCRETE 

Table A.3-2 specifies the properties of pervious concrete. Design mix should conform to the latest version 
of the American Concrete Institute’s (ACI) 522.1-13 Specification for Pervious Concrete Pavements 
(ACI 2013). Figure A.3-2 shows a typical pervious concrete profile. 

Table A.3-2. Pervious concrete properties 

Property Description Source 

Materials Portland cement, fly ash, gravel, water NRMCA 2004 

Composition 

Water-to-cementitious ratio: 0.30–0.38 to 1 

Void content: 15 to 25 percent 

Gravel size: 13 millimeters or less (No. 8 or 89 stone) 

Unit weight: 105 to 140 pounds per cubic foot. 

NRMCA 2004 

GCPA 2006 

Thickness 4 to 8 inches over a gravel No.57 stone reservoir  

Placement method Pour-in-place  

Permeability 1,500 inches per hour. Subgrade is the limiting factor. Bean et al. 2007 

Compressive strength Ranges from 500 to 4,000 pounds per square inch  

Flexural strength Ranges from 150 to 550 pounds per square inch  

Shrinkage 
Control joints: one-quarter of pavement thickness, 
maximum of 20 feet on centers (15 feet recommended) 
perpendicular to the curb 

 

 

 

Figure A.3-2. Typical pervious concrete cross section. 
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A.3.1.3.2 POROUS ASPHALT 

Table A.3-3 describes the properties of porous asphalt. Design mix should conform to the latest version of 
the National Asphalt Pavement Association (NAPA) Porous Asphalt Pavements for Stormwater 
Management (NAPA 2008). Figure A.3-3 shows a typical porous asphalt profile. 

Porous asphalt can be installed directly over existing concrete to form a permeable friction course (PFC) 
overlay. PFCs do not provide the same volume storage capacity as a porous asphalt system, but they can 
provide water quality improvements in addition to enhanced driver safety, noise reduction, and improved 
ride quality (Eck et al. 2012; NCHRP 2009; Rand 2006). 

Table A.3-3. Porous asphalt properties 

Property Description Source 

Materials Fine and course aggregate, bituminous binder  

Composition 

Void content: 15 to 20 percent 

Aggregate Gradation: 

Aggregate size Percent passing 

0.75 inches 100% 
0.50 inches 85% – 100% 
0.375 inches 55% – 75% 
No. 4 10% – 25% 
No. 8 5% – 10% 
No. 200 2% – 4% 

 

 

Thickness 
3 to 7 inches over a gravel No.57 stone reservoir 

1 to 2 inch choker course to stabilize the surface 

Ferguson 2005 

Placement method Pour-in-place  

Permeability 150 to 300 inches per hour. Subgrade is the limiting 
factor. 

Roseen and 
Ballestero 2008 
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Figure A.3-3. Typical porous asphalt cross section. 

A.3.1.3.3 PERMEABLE INTERLOCKING CONCRETE PAVEMENT (PICP) 

Table A.3-4 describes the properties of PICP. Figure A.3-4 depicts a typical PICP profile. 

Table A.3-4. PICP properties 

Property Description Source 

Materials Concrete interlocking paver, pea gravel  

Composition 

Pervious openings: 8 to 20 percent of surface area 

Bedding layer: washed No. 8 stone 

Reservoir/Structural layer: washed No. 57 stone 

 

Thickness 
Minimum of 2.36 inches per ASTM C936 

Bedding of 1.5 to 3 inches fine-gravel 

ICPI 2004 

Placement method 
Modular installation. Orientation is critical to structural 
purposes; herringbone pattern provides the most efficient 
structural design. 

 

Permeability 14 to 4,000 inches per hour. Subgrade is the limiting 
factor. 

Bean et al. 2007; 
Borgwardt 2006 

Compressive strength 
Minimum of 8,000 pounds per square inch per ASTM 
C936 
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Figure A.3-4. Typical PICP cross section. 

A.3.1.3.4 CONCRETE GRID PAVERS 

Table A.3-5 describes the properties of concrete grid pavers. Concrete grid pavers should conform to 
ASTM C1319, Standard Specification for Concrete Grid Paving Units. The typical profile is similar to 
the PICP profile (Figure A.3-4). 

Table A.3-5. Concrete grid pavers properties 

Property Description Source 

Materials 
Concrete paver (max size 24 by 24 inches), fill material 
(topsoil and grass, sand, or aggregate) 

 

Composition 

Pervious openings: 20 to 50 percent of surface area 

Bedding layer: sand or washed No. 8 stone 

Reservoir/Structural layer: washed No. 57 stone 

ICPI 2004 

Thickness 
Minimum of 3.5 inches 

Bedding of 1 to 1.5 inches 

ICPI 2004 

Placement method Modular installation  

Compressive strength Minimum of 5,000 pounds per square inch  
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A.3.1.3.5 PLASTIC GRID SYSTEMS 

Table A.3-6 describes the properties of plastic grid systems. Plastic grid systems are also known as 
geocells, turf pavers, or turf reinforcing grids. Figure A.3-5 depicts a typical plastic grid system profile. 

Table A.3-6. Plastic grid system properties 

Property Description Source 

Materials Flexible-plastic interlocking unit, fill material (gravel or 
topsoil with grass) 

 

Composition 

Pervious openings: 90 to 98 percent of surface area 

Bedding layer: sand or washed No. 8 stone 

Reservoir/Structural layer: washed No. 57 stone 

Ferguson 2005 

Thickness 
Varies by manufacturer. No standard exists. 

Bedding of 1 to 2 inches 

 

Placement method Modular installation.  

Compressive strength Minimum of 2,000 to 6,700 pounds per square inch Invisible Structures 
2001 

 

 

Figure A.3-5. Typical plastic grid system cross section. 
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A.3.1.4 STEP 4. DETERMINE IMP FUNCTION AND CONFIGURATION 
Permeable pavement configuration selection should follow the selection matrix outlined in the 
Bioretention section (A.1.1.2). Figure A.3-6 through Figure A.3-9 illustrate the recommended 
configurations. 

 

Figure A.3-6. Configuration 1 – Infiltration permeable pavement with no underdrain. 

 

Figure A.3-7. Configuration 2 – Infiltration permeable pavement with upturned underdrain. 
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Figure A.3-8. Configuration 3 – Infiltration permeable pavement with underdrain on the subgrade. 

 

 

Figure A.3-9. Configuration 4 – Filtration permeable pavement with impermeable liner and underdrain 
on the subgrade. 

A.3.1.4.1 DETERMINE IF LATERAL HYDRAULIC RESTRICTION BARRIERS ARE NEEDED 

Lateral restriction barrier guidance should follow the requirements outlined in the Bioretention section 
(A.1.1.2.4). 

A.3.1.4.2 DESIGN SUBGRADE SLOPE AND SPECIFY GEOTEXTILE 

The subgrade slope should not exceed 0.5 percent. Baffles can be installed along the subgrade to provide 
grade control if necessary. 

A geotextile should be placed beneath the reservoir media and along the perimeter of the cut in any 
infiltrating system. The geotextile should meet the specifications Table A.3-7 provides. 
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Table A.3-7. Geotextile layer specifications 

Geotextile property Value Test method 

Grab tensile strength (pounds) ≥ 120 ASTM D4632 

Mullen burst strength (pounds per square inch) ≥ 225 ASTM D3786 

Permeability (gpm/sq. ft.) ≥ 125 ASTM D4491 

Apparent opening size (sieve size) #70–#80 (min) ASTM D4751 

*The geotextile apparent opening size selection is based on the percent passing the No. 200 sieve in A Soil 
subgrade, using FHWA or AASHTO selection criteria. 

A.3.1.5 STEP 5. DESIGN THE PROFILE 
Chapter 4 of the County SUSMP addresses methods for determining the size of the IMP area. The 
following sections present additional considerations when using this method, such as targeted pollutant 
removal. 

Chapter 2 of the County SUSMP describes an alternative method to meet required water quality treatment 
volume. This method can be used to determine the volume of water that must be treated. Once the 
treatment volume is determined, vertical dimensions should be selected on the basis of pollutants of 
concern and site constraints before calculating the IMP footprint. The following subsections provide 
guidance on sizing the surface ponding depth, media depth, and surface area of the permeable pavement. 

A.3.1.5.1 SURFACE PONDING DEPTH 

Because permeable pavement supports transportation use, surface ponding should be kept to a minimum. 
If the permeable pavement becomes clogged, the surface ponding volume should be provided by the curb 
and gutter to retain the design storm volume. 

A.3.1.5.2 SPECIFY SAND/SOIL FILTER LAYER 

If no underdrain is required, a minimum of 12 inches of native soils should be provided at the subgrade of 
the permeable pavement. 

If an underdrain is required, a minimum of 4 inches of ASTM C-33 washed sand should be included 
above the gravel of the underdrain drainage layer. A layer of choking stone might be required between the 
sand filter layer and the gravel drainage layer. Figure A.3-7 provides a profile illustration. 

A.3.1.5.3 CALCULATE SURFACE AREA AND RESERVOIR MEDIA DEPTH 

The gravel base course is designed to store the water quality treatment volume determined in chapter 2 of 
the County SUSMP. The typical stone aggregate used is ASTM No. 57 stone (or equivalent) with an 
option to use ASTM No. 2 stone was a sub-base layer for additional storage. 

The site layout typically constrains the area of installation; the following equation can be used to 
determine the depth of storage layer required to capture the water quality treatment volume. 
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d = V / A × n 

where 

d = gravel layer depth (feet) 
V = water quality volume 
A = surface area (square feet) 
n = porosity (use actual laboratory measured porosity of material) 

A.3.1.5.4 STRUCTURAL DESIGN REQUIREMENTS 

Permeable pavement is used in settings where it is subject to vehicle loading; as a result, structural design 
elements should be carefully considered, including the following: 

 Total traffic 

 In situ soil strength 

 Environmental elements 

 Bedding and reservoir layer design 

Consult the following transportation design guidance sources for additional structural design 
requirements: 

 County of San Diego Parking Design Manual (2013) 

 AASHTO Guide for Design of Pavement Structures (1993) 

 AASHTO Supplement to the Guide for Design of Pavement Structures (1998) 

A.3.1.6 STEP 6. SELECT AND DESIGN OVERFLOW/BYPASS METHOD 
High flows must safely overflow/bypass the permeable pavement without damaging the IMP. Table A.3-8 
outlines recommended outlet configurations. 

Table A.3-8. Permeable pavement outlet/bypass recommendations 

Permeable Pavement Type Recommended Outlet Configuration 

Pour-in-place (pervious concrete, 
porous asphalt) 

Online: Volume in excess of storage capacity can be 
allowed to bubble up through the profile and run off the site 
as surface flow to a catch basin or slot drain. 

Modular (block) systems (PICP, 
pavers, plastic grids) 

Offline: Design system bypass for flows conveyed to IMP. 

Online: Store the 10-year storm volume in the aggregate 
reservoir or design underdrain system to safely convey 
larger storms. Do not allow bubbling up as this can 
dislodge and carry away the aggregate bedding. 
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A.3.1.7 STEP 7. EDGE RESTRAINTS AND TRANSITIONS 
Edge restraints include standard concrete curbs (elevated or at grade) or specially designed monolithic 
concrete walls. They can be designed to perform the following functions: 

 Identify the transition between permeable and impermeable for maintenance personnel. 

 Restrain modular pavers and porous asphalt from lateral shifts or unraveling of edges. 

 Create a hydraulic restriction layer to prevent lateral seepage. 

 Delineate parking zones. 

At intersections between permeable and impermeable surfaces, a hydraulic restriction layer is required 
and is installed along the entire length of the cut at least 2 feet laterally along the subgrade and under the 
impermeable surface. Figure A.3-10 shows a concrete transition strip. 

 
Location: Los Angeles Zoo, Los Angeles, California. 

Figure A.3-10. Concrete transition strip between PICP and standard asphalt. 
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A.3.1.8 STEP 8. DESIGN SIGNAGE 
Signs should identify prohibited practices, such as stockpiling soils or mulch, and be clearly displayed to 
protect permeable pavements from premature clogging. Signage will also prevent poured-in-place 
permeable pavements from being mistaken as impermeable and accidentally being paved over during 
repair. 

A.3.1.9 STEP 9. DESIGN FOR MULTI-USE BENEFITS 
Permeable pavements inherently provide multi-use benefits because the facilities double as parking lots 
and transportation corridors. In addition to these benefits, permeable pavement can be enhanced by 
incorporating the following design elements: 

 Enhanced pavement textures, colors, and patterns can calm traffic, increase aesthetic appeal, 
enhance pedestrian safety, and draw attention to multi-use stormwater practices. 

 Stormwater reuse systems can be installed to harvest and use captured runoff for nonpotable use 
(irrigation, ornamental water features, etc.). 

 Permeable pavers can be used to maintain the character of historic districts while providing 
stormwater management solutions. 

 Educational kiosks and signage raise public awareness of stormwater issues. 

A.3.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing are critical to permeable pavement performance. Failure of 
improperly constructed systems can be easily avoided by effectively communicating with the contractor 
and by inspecting the site during key steps. In addition to the general construction considerations chapter 
4 provides, emphasizing the following points will help ensure successful installation of permeable 
pavement: 

 Inspect aggregate upon delivery to ensure thorough washing was performed. 

 Inspect elevations and grading. 

 Test subgrade infiltration rate. 

 Mitigate soil compaction to enhance infiltration. 

 Inspect surface course placement and curing. 

A.3.3 OPERATIONS AND MAINTENANCE 
Maintenance of permeable pavement is critical to the success of the system. Table A.3-9 provides a 
detailed list of maintenance activities. 
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Table A.3-9. Operation and maintenance tasks for permeable pavement 

Task Frequency 

Indicator maintenance is 

needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly 
during routine 
property 
maintenance 

Sediment accumulation on 
adjacent impervious surfaces or 
in voids/joints of permeable 
pavement 

Stabilize any exposed soil and 
remove any accumulated 
sediment. Adjacent pervious 
areas might need to be graded to 
drain away from the pavement. 

Miscellaneous 
upkeep 

Weekly or biweekly 
during routine 
property 
maintenance 

Trash, leaves, weeds, or other 
debris accumulated on 
permeable pavement surface 

Immediately remove debris to 
prevent migration into permeable 
pavement voids. Identify source 
of debris and remedy problem to 
avoid future deposition. 

Preventative 
vacuum/regenerative 
air street sweeping 

Twice a year in 
higher sediment 
areas 

N/A Pavement should be swept with a 
vacuum power or regenerative air 
street sweeper at least twice per 
year to maintain infiltration rates. 

Replace fill materials As needed For paver systems, whenever 
void space between joints 
becomes apparent, or after 
vacuum sweeping 

Replace bedding fill material to 
keep fill level with the paver 
surface. 

Restorative 
vacuum/regenerative 
air street sweeping 

As needed Surface infiltration test indicates 
poor performance or water is 
ponding on pavement surface 
during rainfall 

Pavement should be swept with a 
vacuum power or regenerative air 
street sweeper to restore 
infiltration rates. 
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A.4 ROCK INFILTRATION SWALE 

 
Location: Seaside Ridge Development, Encinitas, California. 

Figure A.4-1. Rock Infiltration Swale. 

A.4.1 DESIGN 
The design of rock infiltration swales can be broken down to a nine-step process. Table A.4-1 summarizes 
the steps, which this chapter describes in greater detail. 
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Table A.4-1. Rock infiltration swale iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Integrated 

Management 

Practice (IMP) 

Siting 

(A-51) 

Layout and site 
incorporation 

Based on available space and maintenance access, incorporate 
into parking lot islands, medians, and perimeter; install along the 
roadway right-of-way; incorporate as landscaped areas 
throughout the property. 

2 Determine IMP 

Function and 

Configuration 

(A-52) 

Impermeable liner If noninfiltrating, use an impermeable clay layer, geomembrane 
liner, and concrete (as described in Common Design Elements).  

Underdrain (required if 
subsoil infiltration rate 
is less than 0.5 inches 
per hour [in/hr], as in 
hydrologic soil groups 
C and D [HSG C & D]) 

Schedule 40 PVC pipe with perforations (slots or holes) every 6 
inches. The 4-inch diameter lateral pipes should join a 6-inch 
collector pipe, which conveys drainage to the downstream storm 
network. Provide cleanout ports/observation wells for each 
underdrain pipe (see Common Design Elements).  

Internal water storage 
(IWS) 

If using underdrain and infiltration, elevate the outlet to create a 
sump for additional moisture retention to promote plant survival 
and enhanced treatment. Top of IWS should be greater than 18 
inches below surface. 

No underdrain If design is fully infiltrating, ensure that subgrade compaction is 
minimized. 

Lateral hydraulic 
restriction barriers 

Use a geomembrane, concrete, or bentonite clay to restrict lateral 
flows to adjacent subgrades, foundations, or utilities. 

3 Determine IMP 

Sizing Approach 

(A-54) 

Flow-based (common 
SUSMP methodology) 

Refer to chapters 2 and 4 of the County SUSMP for appropriate 
sizing factors to determine surface area, ponding depth, and 
media depth. Step 4 of this design guidance section can be 
skipped when using this method. 

Volume-based (water 
quality methodology) 

Per the County SUSMP, the volume of the 24-hour 85th percentile 
storm is required for the water quality treatment method. 

4 Size the System 

(A-54) 

Temporary ponding 
depth  

6 to 18 inches (6 to 12 inches near schools or in residential 
areas); average ponding depth of 9 inches is recommended. 

Soil media depth 1.5 to 4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths). 

Slope and grade 
control 

If necessary, use check dams to maintain maximum 2.5 percent 
bed slope. Install a 4-inch-deep layer of ASTM No. 57 stone 
(underlain by filter fabric) extending 2 feet downslope from check 
dam to prevent erosion. 

Surface area 

(volume-based water 
quality) 

Find surface area required to store treatment volume within 
temporary ponding depth, soil media depth, and gravel drainage 
layer depth (media porosity ≈ 0.35 and gravel porosity ≈ 0.4). 
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Design step 

Design component/ 

consideration General specification 

5 Specify Soil 

Media 

(A-54) 

Composition and 
texture (by volume) 

65 percent sand, 20 percent sandy loam, and 15 percent compost 
(from vegetation-based feedstock). Animal wastes or by-products 
should not be applied. 

Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 
in/hr for alternative designs, as approved by local jurisdiction). 

Chemical composition Total phosphorus < 15 parts per million (ppm); pH 6 to 8; cation 
exchange capacity > 5 milliequivalents per 100 grams (meq/100 
g) of soil; organic matter content < 5 percent by weight. 

Drainage layer Separate soil media from underdrain layer with 2 to 4 inches of 
washed sand, followed by 2 inches of choking stone (ASTM No. 
8) over a 1.5-foot envelope of ASTM No. 57 stone. 

6 Design Inlet and 

Pretreatment 

(A-54) 

Inlet Provide stabilized inlets (see Common Design Elements). 

Pretreatment Install rock-armored forebay (concentrated flow), gravel fringe and 
vegetated filter strip (sheet flow), or vegetated swale. 

7 Select and 

Design 

Overflow/Bypass 

Method 

(A-54) 

Outlet configuration  Online: All runoff is routed through system; install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Offline: Only treated volume is diverted to system; install a 
diversion structure or allow bypass of high flows (see Common 
Design Elements). 

Hydromodification 
control 

Provide additional storage and size an appropriate nonclogging 
orifice or weir to dewater detention volume. 

8 Select Surface 

Material 

(A-55) 

Cobble or gravel Surface should be stabilized with gravel or decorative cobble. 

9 Design for Multi-

Use Benefits  

(A-55) 

Additional benefits Include features to enhance habitat, aesthetics, and public 
education. 

 

A.4.1.1 STEP 1. IMP SITING 
Rock infiltration swales can be incorporated in many places to help achieve more than one project-level 
or watershed-scale objective, including the following: 

 Landscaped parking lot islands 

 Between parking stalls in parking lots 

 In rights-of-way along roads 

A rock infiltration swale’s configuration will determine the required components. Figure A.4-2 shows an 
example of the components of a typical rock infiltration swale. When siting, consideration must always be 
given to provide access for routine, intermittent, and rehabilitative maintenance activities. 
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Rock infiltration swales can be combined with other integrated management practices (IMPs) to form a 
treatment train that can enhance water quality treatment and reduce runoff volume and rate. 

 

Figure A.4-2. Rock infiltration swale components. 

A.4.1.2 STEP 2. DETERMINE IMP FUNCTION AND CONFIGURATION 
Rock infiltration swale configuration selection should follow the selection matrix outlined in the 
Bioretention section (A.1.1.2). Figure A.4-3 through Figure A.4-6 illustrate the recommended 
configurations. 

 

Figure A.4-3. Configuration 1 – Infiltration rock infiltration swale with no underdrain. 
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Figure A.4-4. Configuration 2 – Infiltration rock infiltration swale with upturned underdrain. 

 

 

Figure A.4-5. Configuration 3 – Infiltration rock infiltration swale with underdrain on the subgrade. 
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Figure A.4-6. Configuration 4 – Filtration rock infiltration swale with impermeable liner and 
underdrain on the subgrade. 

A.4.1.3 STEP 3. DETERMINE IMP SIZING APPROACH 
The rock infiltration swale must be sized according to the methods outlined in the County SUSMP. The 
SUSMP allows a flow-based sizing and volume-based sizing methodology. If sizing using the flow-based 
methodology, chapters 2 and 4 of the County SUSMP present relevant sizing regulatory requirements, 
and step 4 of this design guidance section can be bypassed. If sizing using the volume-based 
methodology, step 4 of this section presents relevant sizing requirements. 

A.4.1.4 STEP 4. SIZE THE SYSTEM (VOLUME-BASED) 
Rock infiltration swales should be sized following the methods outlined in the Bioretention swale section 
(A.2.1.4). 

A.4.1.5 STEP 5. SPECIFY SOIL MEDIA 
Soil media specifications should meet the requirements outlined in the Bioretention section (A.1.1.5). 

A.4.1.6 STEP 6. DESIGN INLET AND PRETREATMENT CONFIGURATION 
Inlet and pretreatment specifications should meet the requirements outlined in the Bioretention section 
(A.1.1.6). 

A.4.1.7 STEP 7. SELECT THE APPROPRIATE OVERFLOW/BYPASS 
Overflow/bypass methods should follow the guidance given in the Bioretention section (A.1.1.7). 



COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE A-55 

A.4.1.8 STEP 8. SELECT SURFACE MATERIAL 
Surface must be gravel or decorative stone that covers all exposed earth. Size is not specified, because 
most gravels and cobbles have naturally high infiltration capacity because of high available void space. 

A.4.1.9 STEP 9. DESIGNING FOR MULTI-USE BENEFITS 
Multi-use benefits are the same as those outlined in the Bioretention section (A.1.1.9). 

A.4.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow the Bioretention section (A.1.2) and chapter 4. 

A.4.3 OPERATIONS AND MAINTENANCE 
Operation and maintenance tasks follow those outlined in the Bioretention section (A.1.3), with the 
exception of items related to plant care. 

A.4.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.5 FLOW-THROUGH PLANTERS 

 
Location: 8th Ave & Mark Lane, San Diego, California. 

Figure A.5-1. Flow-through planter. 

A.5.1 DESIGN 
The design of a flow-through planter can be broken down to a nine-step process. Table A.5-1 summarizes 
the steps, which this chapter describes in greater detail. 
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Table A.5-1. Flow-through planter iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Integrated 

Management 

Practice (IMP) 

Siting 

(A-58) 

Layout and site 
incorporation 

Based on available space and maintenance access, incorporate 
along perimeter of buildings, along the road right-of-way, or near 
the outlet of a vegetated (green) roof or cistern. 

2 Determine IMP 

Function and 

Configuration 

(A-58) 

Impermeable liner Flow-through planters are typically contained in a concrete vault 
(as described in Common Design Elements). 

Underdrain (required) Schedule 40 PVC pipe with perforations (slots or holes) every 6 
inches. The 4-inch diameter lateral pipes should join a 6-inch 
collector pipe, which conveys drainage to the downstream storm 
network. Provide cleanout ports/observation wells for each 
underdrain pipe (see Common Design Elements).  

Internal water storage 
(IWS) 

With plant selection, the outlet can be slightly elevated to create a 
sump for additional moisture retention to promote plant survival 
and enhanced treatment. Top of IWS should be greater than 18 
inches below surface. 

3 Determine IMP 

Sizing Approach 

(A-60) 

Flow-based (common 
SUSMP methodology) 

Refer to Chapters 2 and 4 of the County SUSMP for appropriate 
sizing factors to determine surface area, ponding depth, and 
media depth. Step 4 of this design guidance section can be 
skipped when using this method. 

Volume-based (water 
quality methodology) 

Per the County SUSMP, the volume of the 24-hour 85th percentile 
storm is required for the water quality treatment method. 

4 Size the System 

(A-60) 

Temporary ponding 
depth  

6 to 18 inches (6 to 12 inches near schools or in residential 
areas); average ponding depth of 9 inches is recommended. 

Soil media depth 1.5 to 4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths). 

Surface Area 

(Volume-based Water 
Quality) 

Find surface area required to store treatment volume within 
temporary ponding depth, soil media depth, and gravel drainage 
layer depth (media porosity ≈ 0.35 and gravel porosity ≈ 0.4). 

5 Specify Soil 

Media 

(A-60) 

Composition and 
texture 

65 percent sand, 20 percent sandy loam, and 15 percent compost 
(from vegetation-based feedstock). Animal wastes or by-products 
should not be applied. 

Permeability 5 inches per hour (in/hr) infiltration rate for the flow-based SUSMP 
method (1–6 in/hr for alternative designs, as approved by local 
jurisdiction). 

Chemical composition Total phosphorus < 15 parts per million (ppm); pH 6-8; cation 
exchange capacity > 5 milliequivalents per 100 grams (meq/100 
g) of soil; organic matter content < 5 percent by weight. 

Drainage layer Separate soil media from underdrain layer with 2 to 4 inches of 
washed sand, followed by 2 inches of choking stone (ASTM No. 
8) over a 1.5-foot envelope of ASTM No. 57 stone. 
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Design step 

Design component/ 

consideration General specification 

6 Design Inlet and 

Pretreatment 

(A-60) 

Inlet Provide stabilized inlets (see Common Design Elements). 

Pretreatment Rooftop runoff: Minimal pretreatment is required. 

Paved surface runoff: Follow pretreatment recommendations in 
the Bioretention section. 

7 Select and 

Design 

Overflow/Bypass 

Method 

(A-60) 

Outlet configuration  Online: All runoff is routed through system; install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Offline: Only treated volume is diverted to system; install a 
diversion structure or allow bypass of high flows. 

Hydromodification 
control 

Provide additional storage and size an appropriate nonclogging 
orifice or weir to dewater detention volume. 

8 Select Mulch and 

Vegetation 

(A-60) 

Mulch Dimensional chipped hardwood or triple shredded, well-aged 
hardwood mulch 3 inches deep. 

Vegetation See Plant Palette (Appendix E). 

9 Design for Multi-

Use Benefits 

(A-60) 

Additional benefits Include features to enhance habitat, aesthetics, public education, 
and shade. 

 

A.5.1.1 STEP 1. IMP SITING 
Flow-through planters can be incorporated in many places to help meet more than one project-level or 
watershed-scale objective, including the following: 

 Along building perimeters and downspouts 

 In landscaped parking lot islands 

 Between parking stalls in parking lots 

 In rights-of-way along roads 

A.5.1.2 STEP 2. DETERMINE IMP FUNCTION AND CONFIGURATION 
Because they have an impermeable base, flow-through planters are always required to have an 
underdrain. Using appropriate plants, a shallow internal water storage (IWS) zone can be installed to 
retain moisture. Figure A.5-2 and Figure A.5-3 show the profiles of the two configuration options. 
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Figure A.5-2. Configuration 1 – Filtration flow-through planter with upturned underdrain for IWS. 

 

Figure A.5-3. Configuration 2 – Filtration flow-through planter with underdrain on the subgrade. 
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A.5.1.3 STEP 3. DETERMINE IMP SIZING APPROACH 
The flow-through planter must be sized according to the methods outlined in the County SUSMP. The 
SUSMP allows a flow-based sizing and volume-based sizing methodology. If sizing using the flow-based 
methodology, chapters 2 and 4 of the County SUSMP present relevant sizing regulatory requirements, 
and step 4 of this design guidance section can be bypassed. If sizing using the volume-based 
methodology, step 4 of this section presents relevant sizing requirements. 

A.5.1.4 STEP 4. SIZE THE SYSTEM (VOLUME-BASED) 
Flow-through planters should be sized following the methods outlined in the Bioretention section 
(A.1.1.4). 

A.5.1.5 STEP 5. SPECIFY SOIL MEDIA 
Soil media specifications should meet the requirements outlined in the Bioretention section (A.1.1.5). 

A.5.1.6 STEP 6. DESIGN INLET AND PRETREATMENT 
For flow-through planters located within a right-of-way, inlet and pretreatment specifications should meet 
the requirements outlined in the Bioretention section (A.1.1.6). 

When flow-through planters are located adjacent to a building, downspouts can be directed to drain into 
the flow-through planter. Care should be taken to protect the material at the inlet by ensuring a maximum 
flow rate of 3 cubic feet per second or by installing stone, splash block, or other erosion protection 
measures for higher flows. Downspouts can also be upturned to allow the water to bubble up into the 
flow-through planter in a diffuse manner. Figure A.5-4 shows a typical downspout inlet configuration. 

A.5.1.7 STEP 7. SELECT AND DESIGN OVERFLOW/BYPASS METHOD 
Overflow/bypass methods should follow the guidance given in the Bioretention section (A.1.1.7). 

A.5.1.8 STEP 8. SELECT MULCH AND VEGETATION 
Mulch and vegetation specifications should meet the requirements outlined in the Bioretention section 
(A.1.1.8). 

A.5.1.9 STEP 9. DESIGN FOR MULTI-USE BENEFITS 
Multi-use benefits are the same as those outlined in the Bioretention section (A.1.1.9). 
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Figure A.5-4. Flow-through planter inlet configuration. 

A.5.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow the Bioretention section (A.1.2) and chapter 4. 

A.5.3 OPERATIONS AND MAINTENANCE 
Operation and maintenance tasks follow those outlined in the Bioretention section (A.1.3). 

A.5.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.6 VEGETATED (GREEN) ROOFS 

 
Location: County of San Diego Operations Center, San Diego, California. 

Figure A.6-1. Vegetated (green) roof. 

A.6.1 DESIGN 
The design of a vegetated (green) roof can be broken down to a nine-step process. Table A.6-1 
summarizes the basic design steps, which are described in more detail below. Additional design guidance 
can be consulted in the Design Guidelines and Maintenance Manual for Green Roofs in the Semi-Arid 
and Arid West (Tolderlund 2010). 
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Table A.6-1. Vegetated (green) roof iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine 

Vegetated Roof 

Type  

(A-64) 

Extensive Shallow growing media (4 to 6 inches), small drought tolerant 
vegetation, no irrigation needed. 

Intensive 
Growing media more than 6 inches, regular irrigation required, 
deeper rooted vegetation. Contact qualified professional with 
experience designing intensive vegetated roofs. 

2 Determine 

Integrated 

Management 

Practice (IMP) 

Treatment Volume 

Runoff calculations Per chapter 2 of the County SUSMP, the volume of the 24-hour 
85th percentile storm is required for the water quality treatment 
method. 

3 Determine 

Structural Capacity 

of Roof 

(A-65) 

Underlying roof deck 
and building structure 

Evaluate proposed or existing building and roof structure to 
determine additional dead and live load capacity available to 
accommodate green roof installation. 

4 Specify 

Impermeable Liner 

and Root Barrier 

(A-65) 

Roof liner Select waterproof liner. Conventional roof waterproofing tar is 
typically sufficient but can be supplemented with waterproof 
geomembranes if desired. 

Root barrier Select root barrier. Geomembranes used as waterproof liners 
can sometimes double as root barriers. 

5 Specify Drainage 

Layer 

(A-65) 

Aggregated Minimum 2 inches of clean washed No. 8 stone or alternative 
lightweight, high-porosity, inorganic or synthetic aggregate. 
Geotextile fabric should be installed between the media and the 
aggregate. 

Manufactured Select drainage layer specified for green roof applications that 
incorporates minimum of 0.75 inches of retention storage of 
rainfall. Geotextile fabric should be installed between the media 
and the drainage layer. 

6 Design Outlet 

Components 

(A-66) 

Roof drains Provide roof drains or scuppers consistent with local building 
codes. Surround outlets with minimum of 12 inches of high-
porosity drainage material (washed ASTM No. 57 stone or 
comparable). 

7 Specify Media 

(A-66) 

Depth  Minimum 4-inch depth (intensive vegetated roofs). 

Composition Media should consist of well-drained, high-porosity mix of 
primarily lightweight aggregate. (Preferred media is site specific, 
but expanded mineral materials are typically specified for 
intensive vegetative roofs.) 

pH = 6.5–8.0, cation exchange capacity greater than 10 
milliequivalents per 100 grams (meq/100 g). 

8 Select Vegetation 

(A-67) 

Low growing, drought-
tolerant species 

See Plant Palette (Appendix E). 

9 Design for Multi-

Use Benefits  

(A-67) 

Additional benefits Include features to enhance habitat, aesthetics, public 
education, recreation opportunities, and energy savings. 
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A.6.1.1 STEP 1. DETERMINE VEGETATED ROOF TYPE 
Vegetated roofs can be categorized into two basic types; extensive and intensive. The following 
subsections describe each type of vegetated roof. 

A.6.1.1.1 EXTENSIVE VEGETATED ROOF 

An extensive vegetated roof typically has the following characteristics: 

 Includes 6 inches of media or less. 

 Has shallow rooting and xeric vegetation. 

 Requires little to no irrigation. If irrigation is required, typically drip irrigation is used. 

 Contributes minimal loads to the rooftop. 

Figure A.6-2 shows an example of an extensive vegetated roof. 

 
Location: Fallbrook Library, Fallbrook, California. 

Figure A.6-2. Extensive vegetated roof. 
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A.6.1.1.2 INTENSIVE VEGETATED ROOF 

An intensive vegetated roof typically has the following characteristics: 

 Includes more than 6 inches of media. 

 Uses deep-rooting plants. 

 Irrigation likely needed. Native plants can minimize irrigation requirements. 

 Contributes significant loads to the roof structure requiring significant structural strength and 
design. 

 Acts as an amenity with park-like features. 

A.6.1.2 STEP 2. DETERMINE IMP TREATMENT VOLUME 
Vegetated roofs must be sized to fully capture the desired or required design storm volume. Relevant 
sizing regulatory requirements are presented in chapter 2 of the County SUSMP. 

A.6.1.3 STEP 3. DETERMINE STRUCTURAL CAPACITY OF ROOF 
A qualified structural engineer should be consulted to determine the structural capacity of the proposed 
vegetated roof that would be necessary to withstand the additional dead and live loadings resulting after 
installation. Typical dead weight loading of fully saturated systems for intensive and extensive 
installations are found in Table A.6-2. 

Table A.6-2. Typical dead weight of fully saturated vegetated (green roof) systems 

Vegetated roof type Typical dead loading 

Intensive 15 to 55 pounds per square foot 

Extensive 75 to 150 pounds per square foot 

Source: Tolderlund 2010. 

A.6.1.4 STEP 4. SPECIFY IMPERMEABLE LINER AND ROOT BARRIER 
As with all roofs, a watertight barrier must be provided to prevent rainwater from infiltrating into the 
underlying structure. Watertight tar surfaces (conventionally used for roof sealing) are usually sufficient 
impermeable liners, but additional plastic or rubber membranes can be placed over the tar for added 
protection. The liner should be resistant to heat, desiccation, and ultraviolet radiation. A root barrier 
should be specified and placed directly above the impermeable liner or, alternatively, above an optional 
insulation layer that can be placed directly on the liner. 

A.6.1.5 STEP 5. SPECIFY DRAINAGE LAYER 
A drainage layer, also known as a drainage net or sheet drain, is necessary to convey excess rainwater to 
the roof drains. This layer will also maintain an aerobic root zone for plant health. Geotextile should be 
placed between the media and the drainage layer to prevent migration of media and act as a root barrier. 
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Geotextiles containing chemicals that prevent root penetration can be used to prevent root systems from 
infiltrating and clogging the drainage layer. Figure A.6-3 depicts a typical green roof cross section. 

 

Figure A.6-3. Typical extensive green roof profile. 

A.6.1.6 STEP 6. DESIGN OUTLET COMPONENTS 
As with all roofs, components must be incorporated in the roof structure to allow excess runoff to drain 
off the rooftop and away from the building. Outlet types for vegetated roofs include the following: 

 Internal roof drains 

 Roof scuppers along roof perimeters 

Roof drain components should be designed to comply with local building codes. To prevent clogging and 
provide adequate conveyance, green roof vegetation and soil media should be set back a minimum of 
12 inches from roof drains. A screen, gravel apron of washed No. 57 stone (or comparable), or other 
alternative high-porosity material, can be placed around the roof drain to discourage overflow flooding. 

A.6.1.7 STEP 7. SPECIFY MEDIA 
Soil media for vegetated roofs should have the following characteristics: 

 Well-drained and aerated 

 High porosity 

 High nutrient holding capacity (cation exchange capacity) 

 Permanent (nonbiodegrading) 

 Lightweight 

 Windproof 

 Stable (must support plants) 
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Several media types are available from green roof component suppliers, but generally expanded 
lightweight aggregates are preferred (e.g., expanded slate, expanded shale, expanded clay, terra cotta). For 
extensive green roofs, a minimum of 4 inches of media should be provided. The specifications Table 
A.6-3 provides are example parameters that should be specified on design plans. Intensive green roofs 
should also employ lightweight aggregate media, but structural capacity generally allows a wider range of 
soil materials. 

Table A.6-3. Example green roof media specifications 

Parameter Specification 

Noncapillary pore space at field capacity 15% (vol) 

Moisture content at field capacity  12% (vol) 

Maximum media water retention  30% (vol) 

Alkalinity, CaCO3 equivalents  2.5% 

Total organic matter by wet combustion  3–15% (dry wt.) 

pH  6.5–8.0 

Soluble salts  6 mmhos/cm 

Cation exchange capacity  10 meq/100g 

Saturated hydraulic conductivity for single media assemblies 0.05 in/min 

Clay fraction (2 micron) 0  

Pct. passing US#200 sieve (i.e., silt fraction) 5%  

Pct. passing US#60 sieve 10%  

Pct. passing US#18 sieve 5%–50%  

Pct. passing 1/8-inch sieve 20%–70%  

Pct. passing 3/8-inch sieve 75%–100% 

Source: based on East Baton Rouge Parish 2007. 

A.6.1.8 STEP 8. SELECT VEGETATION 
Green roof vegetation should consist of low-growing, highly drought-tolerant species that can survive in 
the harsh environment of a rooftop. Common vegetation types include grasses and succulents. 

Appendix E includes a full plant list. 

A.6.1.9 STEP 9. DESIGN FOR MULTI-USE BENEFITS 
In addition to enhancing biodiversity and beautifying the urban environment with native vegetation, the 
following components can be incorporated into vegetated roofs to promote multi-use benefits: 

 Simple signage or information kiosks can educate the public about the benefits of watershed 
protection measures or provide a guide for native plant and wildlife identification. 

 Bird and butterfly feeders can be used to attract wildlife to the vegetated roof. 
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 Sculptures and other art can be installed on the vegetated roof; outlet structures can be painted 
lively colors. 

 Intensive vegetated roofs can be equipped with pedestrian cross-paths or benches for wildlife 
viewing. 

 Vegetation with canopy cover can provide shade, localized cooling, and noise dissipation. 

 Vegetated roofs can reduce energy use and the heat island effect. 

A.6.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Green roofs’ unique nature requires construction considerations that are not applicable to landscape-based 
integrated management practices (IMPs). Examples include: 

 Providing access for installation, inspection, and maintenance 

 Considering supplemental irrigation during plant establishment 

 Ensuring visitor safety 

A.6.3 OPERATIONS AND MAINTENANCE 
Vegetated roofs require regular plant, soil, and drainage layer maintenance to ensure optimum filtration, 
storage, and pollutant removal capabilities. Table A.6-4 provides a detailed list of maintenance activities. 

Table A.6-4. Inspection and maintenance activities for vegetated roofs 

Task Frequency 

Indicator maintenance is 

needed Maintenance notes 

Media Inspection Two times per 
year  

Internal erosion of media from 
runoff or wind scour, exposed 
underlayment components 

Replace eroded media and vegetation. 
Adopt additional erosion prevention 
practices as appropriate. 

Liner Inspection One time per year Liner is exposed or tenants have 
experienced leaks 

Evaluate liner for cause of leaks. 
Repair or replace as necessary.  

Outlet Inspection Two times per 
year 

Accumulation of litter and debris 
around the roof drain or scupper 
or standing water in adjacent 
areas 

Litter, leaves, and debris should be 
removed to reduce the risk of outlet 
clogging. If sediment has accumulated 
in the gravel drain buffers, remove and 
replace the gravel. 

Vegetation 

Inspection 

One time per year Dead plants or excessive open 
areas on green roof 

Within the first year, 10 percent of 
plants can die. Survival rates increase 
with time. 

Invasive 

Vegetation 

Two times per 
year 

Presence of unwanted or 
undesirable species 

Remove undesired vegetation. 
Evaluate green roof for signs of 
excessive water retention.  

Temporary 

Watering 

One time every 2 
to 3 days for first 
1 to 2 months 

Until established and during 
severe drought 

Watering after the first year might be 
required. 
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A.6.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

East Baton Rouge Parish. 2007. Chapter 7. East Baton Rouge Parish Stormwater BMP Manual. Accessed 
January 7, 2013. http://brgov.com/dept/planning/WWS/pdf/bmp7.pdf. 

Tolderlund, Leila. 2010. Design Guidelines and Maintenance Manual for Green Roofs in the Semi-Arid 
and Arid West. University of Colorado, Denver, CO. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
http://brgov.com/dept/planning/WWS/pdf/bmp7.pdf
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A.7 SAND FILTERS 

 
Location: San Antonio, Texas. 

Figure A.7-1. Surface sand filter treats parking lot runoff. 

A.7.1 DESIGN 
The design of a sand filter can be broken down to an eight-step process. Table A.7-1 summarizes the 
steps, which this chapter describes in more detail. 
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Table A.7-1. Sand filter iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine 

Integrated 

Management 

Practice (IMP) 

Configuration 

(A-72) 

Sand filter type Surface sand filter: Installed in shallow depressions on surface. 
Require pretreatment by vegetated swales, filter strips, or 
forebay. 

Subsurface sand filter: Installed along edges of roads or parking 
lots to conserve space. Must include a sedimentation chamber 
for pretreatment. 

2 Determine IMP 

Function 

(A-72) 

Impermeable liner If noninfiltrating, use an impermeable clay layer, geomembrane 
liner, and concrete (as described in Common Design Elements). 

Underdrain (required if 
subsoil infiltration rate 
is less than 0.5 inches 
per hour [in/hr], as in 
hydrologic soil groups 
C and D [HSG C & D]) 

Schedule 40 PVC pipe with perforations (slots or holes) every 6 
inches. The 4-inch diameter lateral pipes should join a 6-inch 
collector pipe, which conveys drainage to the downstream storm 
network. Provide cleanout ports/observation wells for each 
underdrain pipe (see Common Design Elements).  

Internal water storage 
(IWS) 

If using underdrain and infiltration, elevate the outlet to create a 
sump for additional moisture retention to promote plant survival 
and enhanced treatment. Top of IWS should be greater than 18 
inches below surface. 

No underdrain If design is fully infiltrating, ensure that subgrade compaction is 
minimized. 

Lateral hydraulic 
restriction barriers 

Use a geomembrane, concrete, or bentonite clay to restrict 
lateral flows to adjacent subgrades, foundations, or utilities. 

3 Determine IMP 

Sizing Approach 

(A-9) 

Flow-based (common 
SUSMP methodology) 

Refer to chapters 2 and 4 of the County SUSMP for appropriate 
sizing factors to determine surface area, ponding depth, and 
media depth. Step 4 of this design guidance section can be 
skipped when using this method. 

Volume-based (water 
quality methodology) 

Per the County SUSMP, the volume of the 24-hour 85th 
percentile storm is required for the water quality treatment 
method. 

4 Size the System 

(A-73) 

Temporary ponding 
depth  

6 to 18 inches (6 to 12 inches near schools or in residential 
areas); average ponding depth of 9 inches is recommended. 

Soil media depth 1.5 to 4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths). 

Surface area 
(water quality) 

Find surface area required to store treatment volume within 
temporary ponding depth, soil media depth, and gravel drainage 
layer depth (media porosity ≈ 0.35 and gravel porosity ≈ 0.4). 

5 Specify Soil 

Media 

(A-73) 

Gradation Washed concrete sand (ASTM C-33) free of fines, stones, and 
other debris. 

Chemical composition Total phosphorus < 15 parts per million (ppm); pH 6-8; cation 
exchange capacity > 5 millieqivalents per 100 grams (meq/100 
g) of soil. 

Drainage layer Separate soil media from underdrain layer with 2 to 4 inches of 
washed sand, followed by 2 inches of choking stone (ASTM No. 
8) over a 1.5-foot envelope of ASTM No. 57 stone. 
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Design step 

Design component/ 

consideration General specification 

6 Design Inlet and 

Pretreatment 

(A-73) 

Inlet Provide stabilized inlets (see Common Design Elements). 

Pretreatment Install rock-armored forebay (concentrated flow), gravel fringe 
and vegetated filter strip (sheet flow), or vegetated swale. 

7 Select and 

Design 

Overflow/Bypass 

Method 

(A-74) 

Outlet configuration  Online: All runoff is routed through system; install an elevated 
overflow structure or weir at the elevation of maximum ponding. 

Offline: Only treated volume is diverted to system; install a 
diversion structure or allow bypass of high flows (see Common 
Design Elements). 

Hydromodification 
control 

Provide additional storage and size an appropriate nonclogging 
orifice or weir to dewater detention volume. 

8 Design for Multi-

Use Benefits  

(A-74) 

Additional benefits Include features to enhance aesthetics and public education. 

 

A.7.1.1 STEP 1. DETERMINE IMP CONFIGURATION 
Two basic configurations are available for sand filters: surface or subsurface. The following sections 
describe each configuration. 

A.7.1.1.1 SURFACE SAND FILTER 

Surface sand filters generally have the following characteristics: 

 Require pretreatment of runoff to remove large solids and reduce entering velocity through a 
vegetated swale or filter strip 

 Can be integrated as a recreational facility or open space 

 Surface exposure to sunlight increases removal of pathogens 

A.7.1.1.2 SUBSURFACE SAND FILTER 

Subsurface sand filters generally have the following characteristics: 

 Require very little surface space and are easily incorporated at the edge of parking lots and 
roadways 

 Require pretreatment of runoff to remove large solids and reduce entering velocity through a 
sedimentation chamber that is a minimum of 1.5 feet wide 

A.7.1.2 STEP 2. DETERMINE IMP FUNCTION 
Sand filter function selection should follow the selection matrix outlined in the Bioretention section 
(A.1.1.2). 
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A.7.1.3 STEP 3. DETERMINE IMP SIZING APPROACH 
The sand filter must be sized according to the methods outlined in the County SUSMP. The SUSMP 
allows a flow-based sizing and volume-based sizing methodology. If sizing using the flow-based 
methodology, chapters 2 and 4 of the County SUSMP present relevant sizing regulatory requirements, 
and step 4 of this design guidance section can be bypassed. If sizing using the volume-based 
methodology, step 4 of this section presents relevant sizing requirements. 

A.7.1.4 STEP 4. SIZE THE SYSTEM 
Sand filters should be sized following the methods outlined in the Bioretention section (A.1.1.4). 

A.7.1.5 STEP 5. SPECIFY SOIL MEDIA 
The soil media should be highly permeable and meet the criteria Table A.7-2 provides. 

Table A.7-2. Sand filter soil media specifications 

Parameter Specification 

Gradation Media in the sand filter should consist of clean washed concrete sand (passing a one-
quarter-inch sieve) per ASTM C-33. 

Total phosphorus High levels of phosphorus in the media have been identified as the main cause of IMPs 
exporting nutrients. All media should be analyzed for background levels of nutrients. 
Total phosphorus should not exceed 15 ppm. 

 

A.7.1.6 STEP 6. DESIGN INLET AND PRETREATMENT 
Erosive velocities, concentrated flows, and high sediment loads are detrimental to sand filters. The 
following table outlines design guidance and considerations for surface and subsurface sand filters. 

Table A.7-3. Inlet/Pretreatment configuration details 

Design Element Surface Sand Filter Subsurface Sand Filter 

Pretreatment 

Methods 

Vegetated swales, filter strips Sedimentation chamber 

High-Flow 

Diversions 

Divert volumes that exceed the water 
quality volume away from the sand filter to 
prevent excessive loading. 

Divert volumes that exceed the water 
quality volume away from the sand filter to 
prevent excessive loading. 

Flow Entry 

Dispersion 

Level spreader Level spreader 

Dewatering Infiltration, evaporation, and underdrains 
(if installed) 

Perforated vertical riser in sedimentation 
chamber. Protect with a gravel envelop and 
trash rack. 
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A.7.1.7 STEP 7. SELECT AND DESIGN OVERFLOW/BYPASS METHOD 
Overflow/bypass methods should follow the guidance given in the Bioretention section (A.1.1.7). 

A.7.1.8 STEP 8. DESIGN FOR MULTI-USE BENEFITS 
Sand filters can be enhanced by incorporating the following design elements: 

 Surface sand filters can be designed to provide space for recreational use or open-space parks. 

 Subsurface filters can be installed below infrastructure, allowing for continued surface use. 

 Simple signage or information kiosks can educate the public about the benefits of watershed 
protection measures. 

 Sculptures and other art can be installed in the sand filter; outlet structures can be painted lively 
colors. 

 Ornamental plants can be cultivated along the perimeter. (Invasive plants should be avoided.) 

 Volunteer groups can be organized to perform basic maintenance as an opportunity to raise public 
awareness. 

A.7.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow the Bioretention section (A.1.2) and chapter 4. 

A.7.3 OPERATIONS AND MAINTENANCE 
Maintenance of sand filters is critical to the success of the system. Table A.7-4 provides a detailed list of 
maintenance activities. 

Table A.7-4. Inspection and maintenance tasks for sand filters 

Task Frequency 

Indicator maintenance is 

needed Maintenance notes 

Catchment 
inspection 

Weekly or biweekly 
with routine property 
maintenance 

Excessive sediment, trash, or 
debris accumulation on the 
surface of sand filter 

Permanently stabilize any exposed 
soil and remove any accumulated 
sediment. Adjacent pervious areas 
might need to be re-graded. 

Inlet inspection Once after first major 
rain of the season, 
then every 2 to 3 
months depending on 
observed sediment 
and debris loads 

Debris or sediment has blocked 
inlets 

Remove any accumulated material. 
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Task Frequency 

Indicator maintenance is 

needed Maintenance notes 

Sedimentation 
chamber/forebay 
inspection  

Every 2 months Sediment has reached 6 inches 
deep (install a fixed vertical 
sediment depth marker) or litter 
and debris has clogged weirs 
between sedimentation chamber 
and sand filter chamber (for 
subsurface filters) 

Remove accumulated material 
from sedimentation chamber. 
Remove and replace top 2 to 3 
inches of sand filter if necessary. 

Sand filter 
surface infiltration 
inspection 

After major storm 
events or biannually  

Surface ponding draws down in 
more than 48 hours 

Remove and replace top 2 to 3 
inches of sand filter, or as needed 
to restore infiltration capacity. 
Inspect watershed for sediment 
sources. 

Outlet inspection Once after first major 
rain of the season, 
then monthly 

Erosion or sediment deposition at 
outlet 

Check for erosion at the outlet and 
remove any accumulated 
sediment. 

Miscellaneous 
upkeep 

Twelve times per year  Tasks include trash collection, spot 
weeding, replacing soil media, and 
removing visual contamination. 

 

A.7.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.8 CISTERNS AND RAIN BARRELS 

 
Location: Shavano Park Fire Station, San Antonio, Texas. 

Figure A.8-1. Corrugated metal cistern. 

A.8.1 DESIGN 
The design of a cistern or rain barrel can be broken into an eight-step process, as Table A.8-1 describes. 

Table A.8-1. Cistern/Rain barrel iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine 

Integrated 

Management 

Practice (IMP) 

Treatment 

Volume 

Runoff calculations Per chapter 2 of the County SUSMP, the volume of the 24-hour 
85th percentile storm is required for the water quality treatment 
method. 

2 Determine IMP 

Configuration 

(A-78) 

Layout and site 
configuration 

Based on volume and desired alternative uses. Incorporate next 
to buildings or underground. A foundation of gravel should be 
provided if the weight of the cistern at capacity is less than 2,000 
pounds, otherwise a concrete foundation should be provided. 
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Design step 

Design component/ 

consideration General specification 

3 Select and Size 

Inlet 

Configuration 

(A-79) 

Conveyance type Runoff should be conveyed to the cistern such that no backwater 
onto roofs occurs during the 100-year event. Two types of inlet 
configurations are available: 

Dry conveyance: Conduit freely drains to cistern with no water 
storage in pipe. 

Wet conveyance: A bend in the conduit retains water between 
rainfall events. 

4 Design 

Pretreatment 

Configuration 

(A-79) 

Inlet filter A self-cleaning inlet filter should be provided to strain out large 
debris such as leaves. Some systems incorporate built-in bypass 
mechanisms to divert high flows. 

First flush diverter A passive first flush diverter should be incorporated in areas with 
high pollutant loads to capture the first washoff of sediment, 
debris, and pollen during a rainfall event. First flush diverters are 
typically manually dewatered between events. 

5 Select and Size 

Appropriate 

Outlet and 

Overflow/Bypass 

Method 

(A-81) 

Low-flow outlet An outlet should be designed to dewater the water quality 
storage volume to a vegetated area in 2 days minimum. The 
elevation of the outlet depends on the volume of water stored for 
alternative purposes. 

Overflow or bypass Emergency overflow (set slightly below the inlet elevation) or 
bypass must be provided to route water safely out of the cistern 
when it reaches full capacity. 

6 Specify 

Cautionary 

Signage, Pipe 

Color, and 

Locking Features 

(A-82) 

Signage Signage indicating “Caution: Reclaimed Water, Do Not Drink” 
must be provided anywhere cistern water is piped or at the 
outlets. 

Pipe color and locking 
features 

All pipes conveying harvested rainwater should be Pantone color 
#512 and be labeled as “reclaimed water.” All valves should 
feature locking features. 

7 Design for Multi-

Use Benefits 

(A-82) 

Additional benefits Harvested rainwater should be used to offset potable water uses, 
such as irrigation, toilet flushing, car washing, etc. Additionally, 
educational signage and aesthetically pleasing facades should 
be specified. 

8 Additional Design 

Specifications 

(A-82) 

Vector control All inlets and outlets to the cistern must be covered with a 
1-millimeter or smaller mesh to prevent mosquito entry/egress. 

Routing water for use Regardless of gravity or pumped flow, adequate measures must 
be taken to prevent contamination of drinking water supplies. 

Makeup water supply A makeup water supply can be provided to refill the cistern to a 
desired capacity when harvested water has a dedicated use. 

Cistern material Tanks should typically be opaque to prevent algal growth. 

 



PAGE A-78 APPENDIX A. INTEGRATED MANAGEMENT PRACTICE DESIGN GUIDANCE 

A.8.1.1 STEP 1. DETERMINE THE VOLUME OF WATER OR FLOW TO TREAT 
The cistern/rain barrel must be sized to fully capture the desired or required design storm volume. Chapter 
2 of the County SUSMP presents relevant sizing regulatory requirements. 

A.8.1.2 STEP 2. DETERMINE IMP CONFIGURATION 
Cisterns are available in numerous sizes, shapes, and materials and can be custom fit to nearly any 
available space. Cisterns are designed to capture runoff from elevated surfaces, such as rooftops, and must 
be next to structures where runoff is collected (typically a downspout or other concentrated source). 
Figure A.8-2 depicts the typical components of a cistern. 

Cisterns must have a proper foundation to support the weight when they are at capacity. Two options exist 
for foundations: 

 Cisterns exerting less than 2,000 pounds per square foot: The foundation should be cleared and 
leveled. The foundation should consist of at least 6 inches of No. 57 gravel or concrete. 

 Cisterns exerting greater than 2,000 pounds per square foot: The foundation should be cleared 
and leveled. Concrete should be poured such that gravity flow can be maintained and the cistern 
can be drained to the level of the outlet valve. 

 

Figure A.8-2. Minimum design components of a rainwater harvesting system. 
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A.8.1.3 STEP 3. SELECT AND SIZE INLET CONFIGURATION 
Inlet connections can feature either dry or wet conveyance. The following subsections describe each 
configuration. 

A.8.1.3.1 DRY CONVEYANCE 

Dry conveyance freely drains downspouts to the cistern without any trapped water in the inlet pipe. 
Connections are made through the top or side of the cistern. 

Downspout pipes should be sized to convey the 100-year discharge without causing any backwater on the 
roof. 

A.8.1.3.2 WET CONVEYANCE 

Wet conveyance features a bend, causing water to be trapped in the inlet pipe between events. 
Connections are made at any point in the cistern. Inlet pipes can be buried to place the cistern further from 
the buildings. A drain should be installed at the lowest elevation of the downspout for dewatering and 
emergency maintenance. 

Downspout pipes should be sized to convey the 100-year discharge without causing any backwater on the 
roof. Watertight connections must be used to prevent leakage. 

A.8.1.4 STEP 4. DESIGN INLET PRETREATMENT CONFIGURATION 
Runoff must be filtered to remove debris and particles that can clog the water harvesting system. The 
following subsections discuss pretreatment configurations in greater detail. 

A.8.1.4.1 INLET FILTER 

Table A.8-2 outlines the inlet filter requirements. 
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Table A.8-2. Cistern inlet filter specifications 

Parameter Specification Example 

Installation 
location 

At the gutter 

 
End of the downspout 

 
Contributing area 
size filter type 

< 1,500 square feet = flow through 
filter 

 
1,500–3,000 square feet = bypass 
capable filter 

 
Self-cleaning 
screen 

45 degrees or greater as measured 
from horizontal (Nel 1996) 

See image above 

 

A.8.1.4.2 FIRST-FLUSH DIVERTER (OPTIONAL) 

Installed after the inlet filter, the first-flush diverter is designed to divert an initial volume of water away 
from the cistern to prevent small particles from clogging the outlet. They are recommended in areas 
where pollen or other fine materials might not be removed by the inlet filter. 
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The size of the diverter is typically 4 to 6 inches in diameter, with varied lengths to adjust the captured 
volume. Once the diverter is full, a valve closes and water flows to the cistern. A relief valve is required 
to drain the diverter between events to provide capacity for the next rainfall event. 

A.8.1.5 STEP 5. SELECT AND SIZE APPROPRIATE OUTLET AND 

OVERFLOW/BYPASS METHOD 
Low-flow outlets and high-flow bypass design recommendations follow in the subsequent sections. 

A.8.1.5.1 LOW-FLOW OUTLET 

The outlet of the cistern should be designed to release the volume of captured runoff at a rate below the 
design storm inflow rate. The outlet should be directed to an infiltration integrated management practice 
(IMP) such as bioretention. Infiltration requirements must follow those outlined in the Bioretention 
section (A.1.1.2.2). 

The elevation of the low-flow outlet depends on the demand for alternative water use. Table A.8-3 
outlines the two alternatives for low-flow outlet placement. 

Table A.8-3. Cistern water demand outlet configurations 

Alternative 

Water 

Demand Typical Uses 

Outlet 

Location Example Profile 

High Supplements 
potable or 
greywater 
supply. Uses 
can include 
irrigation, toilet 
flushing, and 
car washing. 

Above half the 
height as 
measured from 
the bottom. 
Creates a 
permanent 
storage 
elevation. 

 
Low to none Cistern acts 

as a 
stormwater 
management 
device solely. 

Bottom of the 
cistern. Creates 
a dewatering 
device and 
allows for 
maximum 
storage 
capacity of 
future rain 
events. 
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A.8.1.5.2 OVERFLOW/BYPASS 

All cisterns must have an overflow for runoff volumes that exceed the capacity of the cistern. The 
overflow outlet should be set slightly below the inlet elevation. 

All overflow and outlet volumes must be directed away from all structural foundations and areas where 
infiltration can have a negative impact. Overflow and bypass systems must be sized to convey the 100-
year discharge without any backwater onto the roof. 

A.8.1.6 STEP 6. SPECIFY CAUTIONARY SIGNAGE, PIPE COLOR, AND LOCKING 

FEATURES 
The International Plumbing Code specifies that clear and obvious signage must be provided when 
harvested rainwater is used. Signs should read: “Caution: Reclaimed Water, Do Not Drink” and should be 
placed where ever the water is daylighted (spouts, spigots, hoses, etc). 

All pipes and hoses used to convey harvested water should be purple in color (Pantone color #512) to 
indicate that the water is not safe to drink. All valves must be equipped with locking features. 

A.8.1.7 STEP 7. DESIGN FOR MULTI-USE BENEFITS 
Rainwater harvesting practices offer multi-use benefits by proving an alternative nonpotable water source 
while controlling runoff. Cisterns and rain barrels can be designed for multi-use benefits by doing the 
following: 

 Providing irrigation for landscape beds and vegetated IMPs 

 Offsetting nonpotable water supplies used for toilet flushing, car washing, street sweeping, and 
other uses (nonresidential cisterns only) 

 Incorporating aesthetically pleasing colors and murals 

 Incorporating creative downspout designs for low-flow practices (e.g., rain chains) 

 Using signs to raise public awareness about stormwater issues 

A.8.1.8 STEP 8. ADDITIONAL DESIGN SPECIFICATIONS 
The following considerations should be included in design plan notes and specifications. 

A.8.1.8.1 VECTOR CONTROL 

Cover inlets and outlets with a 1-millimeter or smaller filter material, such as a screen or wire mesh, to 
prevent mosquito breeding. Inlet screens should be placed downstream of the inlet filter and first flush 
diverter (if installed) to prevent clogging. Overflow/bypass screens should be hinged to allow for flows to 
bypass during high-flow events. 
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A.8.1.8.2 ROUTING WATER FOR BENEFICIAL USE 

Routing water for beneficial use typically has the following characteristics: 

 Gravity flow or pressure flow depending on application. Pumps can be installed as submersible or 
external. 

 Cistern pipes cannot use the same trenches as potable water. 

 A 2-foot lateral separation and a 1-foot vertical separation from all potable water lines are 
required. The portable water line must always pass on top of the water harvesting line. 

A.8.1.8.3 SUPPLEMENTAL WATER SUPPLY FOR DEDICATED USE 

If a cistern is used to offset nonpotable water demand, a makeup or backup water supply system is 
installed to maintain a minimum volume of water stored in the cistern. Multiple makeup systems are 
available, and the most common functions with a float and valve similar to toilet tank components. When 
the cistern drops to a certain level, the valve is opened, filling the tank up to the minimum stored volume. 
An air gap and a reduced pressure backflow device must be installed. 

A.8.1.8.4 CISTERN MATERIAL SPECIFICATION 

Rainwater harvesting tanks are typically constructed of plastic, metal, or concrete. Specified material 
controls the quality of runoff captured, aesthetics, configuration, installation, and cost. 

A.8.2 OPERATIONS AND MAINTENANCE 
Maintenance of cisterns and rain barrels is critical to the success of the system. Table A.8-4 provides a 
detailed list of maintenance activities. 

Table A.8-4. Inspection and maintenance tasks for cisterns 

Task Frequency 

Indicator 

maintenance is 

needed Maintenance notes 

Gutter and rooftop 
inspection 

Biannually and 
before heavy rains 

Inlet clogged with debris Clean gutters and roof of debris that have 
accumulated, check for leaks. 

Remove accumulated 
debris 

Monthly Inlet clogged with debris Clean debris screen to allow unobstructed 
stormwater flow into the cistern. 

Foundation 
inspection 

Biannually  Cistern leaning or soils 
slumping/eroding 

Check cistern for stability, anchor system 
if necessary. 

Structure inspection Annually Leaks and slow draining Check pipe, valve connections, and 
backflow preventers for leaks. Verify flows 
empty the structure within 24 to 48 hours. 

Add ballast Before any major 
wind-related storms 

Tank is less than half-full Add water to half full. 

Miscellaneous 
upkeep 

Annually  Make sure cistern manhole is accessible, 
operational, and secure. 
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A.8.3 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

Nel, C. 1996. Die ontwikkeling van ‘n struktuur vie die verwydering van vaste besoedeling uit 
stormwateraflope. Unpublished DTechEng thesis. Technikon Pretoria. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.9 VEGETATED SWALE 

 
Location: San Diego, California. 

Figure A.9-1. Vegetated swale. 

A.9.1 DESIGN 
Vegetated swales can be used as a pretreatment device for other integrated management practices (IMPs), 
or as part of a treatment train. They should not be installed as a standalone practice for water quality 
improvement. The design of vegetated swales can be broken down to an eight-step process, as Table 
A.9-1 describes. 

Table A.9-1. Vegetated Swale iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine design 

flows 

Runoff flow rate Refer to chapter 2 of the County SUSMP. 

2 Adjust Preliminary 

Swale Layout to Fit 

Site 

(A-86) 

Swale dimensions Determine allowable swale dimensions, per site 
constraints. 
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Design step 

Design component/ 

consideration General specification 

3 Calculate Swale 

Cross-Sectional 

Dimensions 

(A-87) 

Bottom width, side 
slopes, and longitudinal 
slope 

Design flow depth should not exceed two-thirds the height 
of vegetation for optimum pretreatment. 

4 Determine Design 

Flow Velocity  

(A-88) 

Design velocity Velocity should be less than 1 foot per second to reduce 
risk of erosion. 

5 Calculate Swale 

Length 

(A-88) 

Residence time If designed for water quality improvement, the hydraulic 
residence time should be at least 10 minutes to promote 
sedimentation. 

6 Provide Conveyance 

Capacity for Flows 

Higher than Water 

Quality Event  

(A-88) 

10-year, 24-hour storm The 10-year, 24-hour storm should be conveyed at less 
than 3 feet per second to prevent erosion. 

7 Determine if Soils 

Need to be Amended 

(A-89) 

Permeability If additional water quality improvement and infiltration are 
desired, amend the soil with 2 inches of soil media (for 
media standards, see Bioretention Areas). 

8 Select Vegetation 

(A-89) 

Vegetation Native, noninvasive turf grasses (not bunch grasses) 
should be planted and maintained at a minimum height of 
4 inches (see Appendix E). 

 

A.9.1.1 STEP 1. DETERMINE DESIGN FLOWS 
The vegetated swale must be sized to fully convey the desired or required design storm volume and flow 
rates. Chapter 2 of the County SUSMP presents the relevant sizing regulatory requirements. 

A.9.1.2 STEP 2. ADJUST PRELIMINARY SWALE LAYOUT TO FIT SITE 
Vegetated swales can be incorporated in many places to help achieve more than one project-level or 
watershed-scale objective. Examples include the following: 

 In landscaped parking lot islands 

 Between parking stalls in parking lots 

 In rights-of-way along roads 

Swale slope should not exceed 2.5 percent. Check dams must be provided for slopes that exceed 
2.5 percent. 
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A.9.1.3 STEP 3. CALCULATE SWALE CROSS-SECTIONAL DIMENSIONS 
The flow capacity of a swale is a function of the longitudinal slope (parallel to flow), the resistance to 
flow (e.g., Manning’s roughness), and the cross-sectional area. The cross section is normally assumed 
trapezoidal, and the area is a function of the bottom width and side slopes. The flow capacity of swales 
should be such that the design water quality flow rate will not exceed a flow depth of two-thirds the 
height of the vegetation in the swale or 4 inches at the peak of the water quality design storm intensity. 

The design procedure detailed below uses a trial and error method for solving Manning’s equation for a 
trapezoidal, open channel when the longitudinal channel slope, Manning’s roughness, and design flow 
rate are known. The general Manning’s equation is as follows, assuming the design flow rate is Qwq: 

2
1

3
249.1 sAR

n
Qwq 










 

where 

Qwq = design storm flow rate (cfs) 
n = Manning’s roughness coefficient (no units) 
A = cross-sectional area of flow (ft2) 
R = hydraulic radius (ft) = area (A) divided by wetted perimeter (P) 
P = wetted perimeter, the perimeter that is in contact with the swale during the design flow 
s = longitudinal channel slope (along direction of flow) (ft/ft) 

For the purposes of the trial and error process presented below, Manning’s equation can be rearranged as 
follows: 
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An iterative trial and error process is best used to determine the depth of flow, d, bottom width, b, and 
side slope, z (side slope horizontal per unit vertical, minimum value is 3). Trial values of bottom width, 
flow depth, and side slope should be used to determine A, P, and R for the swale’s cross section until the 
equations are equal and the flow depth, bottom width, and channel side slope are within the guidelines 
established in the previous sections. The equations for A and R for a trapezoidal channel are provided 
below: 

P
AR 

 

dzdbA )(   

5.02 )1(2 zdbP   

Because of the complex nature of the trial and error process, a computer spreadsheet should be used for 
this analysis. 
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A.9.1.4 STEP 4. DETERMINE DESIGN FLOW VELOCITY 
The flow continuity equation should be used to calculate the design flow velocity through the swale: 

wq

wq
wq A

Q
V 

 

where 

Qwq = design flow (ft3/sec) 
Vwq = design flow velocity (ft/sec) 
A = (b + zd)d = cross-sectional area (ft2) of flow at the design depth, where z = side slope length per 

unit height 

The swale should convey the design storm without the threat of erosion. If the design flow velocity 
exceeds 1 foot per second, one or more of the design parameters (longitudinal slope, bottom width, or 
flow depth) must be altered to reduce the design flow velocity to 1 foot per second or less. It is important 
to verify that the velocity produced by the 10-year storm will not cause erosion and will be safely 
conveyed in the swale. The design velocity should be as low as possible, both to improve treatment 
effectiveness and to reduce swale length requirements. 

A.9.1.5 STEP 5. CALCULATE SWALE LENGTH 
The residence time in a swale should be at least 10 minutes to optimize pretreatment and sediment 
removal, although this is not always feasible given certain site constraints (Claytor and Schueler 1996). 
Use the following equation to determine the necessary swale length to achieve a hydraulic residence time 
of at least 10 minutes (600 seconds): 

wqVL 600  

where 

L = swale length (ft) 
Vwq = design flow velocity (ft/sec) 

If the swale is too long to fit in the site, the design parameters can be adjusted to provide the flow velocity 
required to meet the recommended residence time. Additionally, a sinuous pattern can be used to increase 
total swale length (and decrease bed slope) over a distance. 

A.9.1.6 STEP 6. PROVIDE CONVEYANCE CAPACITY FOR HIGH-FLOW EVENTS 
Two design configurations (offline or online) can be used for treating storms that are larger than the swale 
is designed to treat. 

 Offline: Diversion structure installed to route high flows around the swale. Usually results in 
smaller swale size. Details for a diversion structure are shown in Common Design Elements. 

 Online: System must convey the 10-year, 24-hour storm event without failure. Velocity should be 
less than 3 feet per second during the 10-year, 24-hour event. 
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A.9.1.7 STEP 7. DETERMINE IF SOILS NEED TO BE AMENDED (OPTIONAL) 
If enhanced infiltration is desired, vegetated swales can be amended with 2 inches of soil media or plant-
derived compost. See the Bioretention section (A.1.1.5) for media specifications. The amendment should 
be mixed into the native soils to a depth of 6 inches to prevent soil layering. 

A.9.1.8 STEP 8. SELECT VEGETATION 
Vegetated swales should follow the criteria listed below. 

 Effectively bind the soil to prevent erosion. To properly bind, vegetation must be rooted before 
the wet season. 

 Include mixtures of dry-area and wet-area grass species that can withstand silt deposits. Native 
grasses are preferred. 

 Turf grasses can be used in high pedestrian traffic areas while more naturalistic plants can be used 
in open space or near project perimeters (a local plant list is found in Appendix E). 

 Sod is the most effective and efficient way to vegetate swales. Sod should be laid perpendicular 
to flow and staggered to reduce potential for preferential flow paths. 

 Trees or shrubs can be implemented on the banks as long as they do not over-shade the turf. 

 Vegetation should be at least 4 inches high with a recommended height of 6 inches. Swale water 
depths should be designed to flow 2 inches below the height of the shortest plant species. 

 Temporary irrigation is required if the seed is planted in spring or summer. 

A.9.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow the Bioretention section (A.1.2) and chapter 4. 

A.9.3 OPERATIONS AND MAINTENANCE 
Vegetated swales require regular plant and soil maintenance to ensure optimum infiltration, storage, and 
pollutant removal capabilities. Table A.9-2 provides a detailed list of maintenance activities. 
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Table A.9-2. Inspection and maintenance tasks for vegetated swales 

Task Frequency Maintenance notes 

Inlet inspection Twice annually Check for sediment accumulation and erosion in the 
swale. 

Mowing Two to twelve times per year Frequency depends on location and desired aesthetic 
appeal. Grasses should be maintained between 4 to 6 
inches. 

Watering One time every 2 to 3 days for 
first 1 to 2 months. Sporadically 
after establishment 

During periods of drought, watering after the initial year 
may be required. 

Fertilization One time initially One-time spot fertilization for first year vegetation. 

Remove and replace 
dead plants 

One time per year Within the first year 10 percent of plants can die. 
Survival rates increase with time. 

Check dams One time before the wet season 
and monthly during the wet 
season. 

Check for sediment accumulation and erosion around 
or underneath the dam materials. 

Miscellaneous upkeep Twelve times per year Tasks include trash collection, spot weeding, and 
removing mulch from overflow device. 

 

A.9.4 REFERENCES 
Claytor, R.A. and T.R. Schueler. 1996. Design of Stormwater Filtering Systems. The Center for 

Watershed Protection, Silver Spring, MD. 

County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 
Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.10 VEGETATED FILTER STRIP 

 
Location: Oak Hills Church, San Antonio, Texas. 

Figure A.10-1. Vegetated filter strip. 

A.10.1 DESIGN 
The design of a vegetated filter strip can be broken down to a nine-step process. Table A.10-1 
summarizes the steps, which this chapter describes in more detail. 

Table A.10-1. Vegetated filter strip iterative design step process 

Design step 

Design component/ 

consideration General specification 

1 Determine Design 

Flows  

Runoff flow rates Refer to chapter 2 of the County SUSMP. 

2 Determine 

Available Filter 

Strip Width and 

Slope 

(A-92) 

Layout and site 
configuration 

Based on existing site conditions. 

3 Determine 

Vegetative Cover 

(A-92) 

Vegetation Native, drought-tolerant turf grasses (not bunch grasses) 
should be maintained at a height of no less than 4 inches (see 
Appendix E).  
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Design step 

Design component/ 

consideration General specification 

4 Calculate the 

Design Flow Depth 

(A-92) 

Design flow depth Flow depth should be less than 1 inch to achieve effective 
water quality improvement. 

5 Calculate the 

Design Velocity 

(A-93) 

Design velocity Velocity should be less than 1 inch to achieve effective water 
quality improvement. 

6 Calculate the 

Desired Length 

(A-93) 

Length and residence 
time 

Filter strip length should provide for a 10-minute hydraulic 
residence time if substantial water quality improvement is 
desired. 

7 Design Level 

Spreader/Energy 

Dissipater if 

Needed 

(A-94) 

Level spreader A level spreader and energy dissipater must be designed if 
concentrated flows are present. 

8 Determine if Soils 

Need to be 

Amended 

(A-94) 

Permeability If additional water quality improvement and infiltration are 
desired, amend the soil with 2 inches of media. 

9 Specify Signage 

(A-94) 

Signage regulations Signage should identify filter strips as stormwater treatment 
practice and prohibit foot traffic and other activities that could 
compact or rut filter strip soils. 

 

A.10.1.1 STEP 1. DETERMINE THE DESIGN FLOW RATE 
The vegetated filter strip must be sized to fully convey the desired or required design storm volume and 
flow rates. Chapter 2 of the County SUSMP presents the relevant sizing regulatory requirements. 

A.10.1.2 STEP 2. DETERMINE AVAILABLE FILTER STRIP WIDTH AND SLOPE 
Site conditions dictate the available filter strip width and slope. The recommended minimum width is 
15 feet with a preferred width of 25 feet. The slope should not exceed 5 percent if possible. A hydraulic 
residence time of 10 minutes is desired for substantial water quality treatment. 

A.10.1.3 STEP 3. DETERMINE VEGETATIVE COVER 
Vegetation specifications should meet the requirements outlined in the Vegetated Swale section (A.9.1.8). 

A.10.1.4 STEP 4. CALCULATE THE FLOW DEPTH OF THE DESIGN FLOW 
Filter strips should be designed according to the maximum depth of flow and the maximum flow velocity. 

Depth of runoff flow generated by the design storm in the filter strip should be limited to less than or 
equal to 1 inch. The design configuration having the greatest effect on those design standards are the 
contributing watershed area, longitudinal slope (along the direction of flow), the resistance to flow 
(Manning’s n), and the width and slope of the filter strip. The design flow depth (d) is calculated on the 
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basis of the width and the slope (parallel to the flow path) using a modified Manning’s equation as 
follows: 

  6.05.049.1/ swnQd wqwq   

where 

d = design flow depth (ft) 
   Qwq = water quality design flow rate (cfs) 
w = width of strip perpendicular to flow that equals the width of impervious surface contributing to 

the filter strip (ft) 
s = slope (ft/ft) of strip parallel to flow, average over the whole width 
nwq = Manning’s roughness coefficient (0.025–0.03) 

If d is greater than 1 inch, a smaller slope is required, or the filter strip may not provide substantial water 
quality improvement. 

A.10.1.5 STEP 5. CALCULATE THE DESIGN VELOCITY 
Maximum design storm flow velocity should be limited to 1 foot per second. The design flow velocity is 
based on the design flow, design flow depth, and width of the strip as follows: 

dwQv wqwq /  

where 

vwq = water quality design flow velocity (ft/sec) 
Qwq = water quality design flow rate (cfs) 
d = design flow depth (ft) 
w = width of strip perpendicular to flow that equals the width of impervious surface contributing to 

the filter strip (ft) 

A.10.1.6 STEP 6. CALCULATE THE DESIRED LENGTH 
Determine the required length (L) to achieve a desired residence time of 10 minutes using this equation: 

wqvL 600  

where 

L = swale length (ft) 
vwq = design water quality flow velocity (ft/sec) 

If the design parameters as computed in steps 1 through 6 above are not within the recommended 
standards, an alternative IMP such as a grassed swale should be considered to treat stormwater runoff. 
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A.10.1.7 STEP 7. DESIGN LEVEL SPREADER/ENERGY DISSIPATER (OPTIONAL) 
The transition of stormwater runoff from upslope, impervious areas to the vegetated filter strip is critical 
to the proper function of the integrated management practice (IMP). Flow should not be concentrated and 
should not cause erosion. Energy dissipaters typically consist of a gravel flow spreader. The gravel flow 
spreader should have the following characteristics: 

 Minimum of 6 inches deep and 12 inches wide 

 Surface is a minimum of 1 inch below the surface of the adjacent pavement 

Concrete spreaders can also be incorporated for energy dissipation and flow spreading. 

A.10.1.8 STEP 8. DETERMINE IF SOILS NEED TO BE AMENDED (OPTIONAL) 
If enhanced infiltration is desired, vegetated filter strips can be amended with 2 inches of soil media or 
plant-derived compost. See the Bioretention section (A.1.1.5) for media specifications. The amendment 
should be mixed into the native soils to a depth of 6 inches to prevent soil layering. 

A.10.1.9 STEP 9. SPECIFY SIGNAGE 
Signs on-site should identify the area as a stormwater IMP, prohibit foot traffic, and instruct maintenance 
crews to maintain the vegetation at a height between 4 to 6 inches. 

A.10.2 CRITICAL CONSTRUCTION CONSIDERATIONS 
Construction technique and sequencing should follow the Bioretention section (A.1.2) and chapter 4. 

A.10.3 OPERATIONS AND MAINTENANCE 
The primary maintenance requirement of a vegetated filter strip is managing vegetation in the filter strip. 
Table A.10-2 describes the maintenance activities for vegetated filter strips. 

Table A.10-2. Inspection and maintenance tasks 

Task Frequency Maintenance notes 

Mowing Two to twelve times per year As needed to maintain aesthetics. Grass height 
should be a minimum of 2 inches. 

Inlet inspection Once after first major rain of the 
season, then monthly during the 
rainy season 

Check for sediment accumulation to ensure that flow 
into the system is as designed. Remove any 
accumulated sediment. 

Miscellaneous upkeep Twelve times per year Tasks include trash collection and spot weeding. 

 

A.10.4 REFERENCES 
County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 

Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf
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A.11 COMMON DESIGN ELEMENTS 
This section contains elements and standards common to many integrated management practices (IMPs) 
previously identified. 

A.11.1 GEOTECHNICAL INVESTIGATION 
Geotechnical investigations include a desktop analysis and a field survey to fully characterize the 
structural and hydrologic characteristics of a site. 

Desktop analyses can be done to generate a conceptual site plan, but should always be verified with a 
field investigation. Desktop analyses can help determine the following characteristics: 

 Underlying geology 

 Proximity to steep slopes 

 Proximity to structural foundations, roadway subgrades, utilities, and other infrastructure 

 Proximity to water supply wells 

 Proximity to septic drain fields 

A licensed soil scientist or geotechnical engineer should perform the field investigations. All testing 
should be performed at the depth of the proposed subgrade and 3 feet below the proposed subgrade. 
Sufficient test pits or borings should be done to adequately characterize the site soil conditions. At a 
minimum, the greater of 2 samples or 1 sample per 50,000 square feet of IMP should be collected. The 
following parameters should be determined or verified through field investigations: 

 Infiltration rate of subgrade soils (ASTM D 3385 Standard Test Method for Infiltration Rate of 
Field Soils Using Double Ring Infiltrometer, or a comparable method) 

 Depth and texture of subsoils 

 Depth to the seasonally high groundwater table 

 Structural capacity of soils 

 Presence of expansive clay minerals 

 Presence of compacted or restrictive layers 

 Underlying geology 

 Proximity to steep slopes 

 Proximity to structural foundations, roadway subgrades, utilities, and other infrastructure 

 Proximity to water supply wells 

 Proximity to septic drain fields 
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A.11.2 CURB CUTS 
When IMPs are incorporated into highly impervious areas, such as parking lots and in road rights-of-way, 
curb cuts can be required to allow surface runoff to enter the IMP. Curb cuts are designed to allow 
stormwater runoff to pass through the curbing without causing water to pond in the travel lanes. Figure 
A.11-1 depicts a typical curb cut detail. Designs have the following recommendations: 

 The opening should be at least 18 inches wide at the base to prevent clogging and to provide 
dispersed flow. 

 The curb cut can have vertical sides or have chamfered sides at 45 degrees. 

 Slope the bottom of the concrete curb cut toward the stormwater facility. 

 Provide a minimum 2-inch drop in grade between the curb cut entry point and the finished grade 
of the stormwater facility. 

 The curb cut must pass the design storm flow without causing backup that would disrupt normal 
travel in the lane. 

 
Figure A.11-1. Typical curb cut diagram. 
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The curb cut opening should be armored to prevent erosion. Concrete, stone, or sod can be used to armor 
the flow path to the base of the IMP area. 

A.11.3 STABILIZATION AND ENERGY DISSIPATION 
Energy dissipation is required on inlet or outlet pipes with concentrated flows. For IMP implementation, 
stabilization and energy dissipation are typically achieved using one of the methods outlined below. 

 Shallow forebay – Consists of sod, stones, or concrete baffles (Figure A.11-2 and Figure A.11-3). 
Should be sized to prevent any mobilization of the components. Must be underlain by an 
appropriate geotextile to prevent scour. 

 Upturned elbow – Consists of a 90-degree upturn in the pipe. Flows bubble up out of the pipe and 
onto a gravel (or other stable material) splash pad (Figure A.11-4). A weep hole is required to 
prevent permanent ponding in the elbow. 

 Gravel flow spreader (gravel fringe) – Consists of a 6-inch-deep, 1-foot-wide trench of washed, 
crushed rock (ASTM No. 57 stone recommended). Used to dissipate sheet flow only (Figure 
A.11-5). 

 
Figure A.11-2. Rock forebay. 

 
Figure A.11-3. Constructed concrete energy 
dissipater. 

 
Figure A.11-4. Upturned elbow energy dissipater 

 
Figure A.11-5. Gravel flow spreader. 
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A.11.4 UNDERDRAIN DESIGN 
If an underdrain is required, they should be designed to meet the recommended specifications in Table 
A.11-1. 

Table A.11-1. Underdrain and drainage layer specifications 

Component Specification 

Diameter 4-inch minimum 

Material Perforated Schedule 40 PVC  

Perforation Type Slotted or round, although slotted underdrains provide greater intake capacity, clog 
resistant drainage, and reduce entrance velocity into the pipe, thereby reducing the 
chances of solids migration. 

Perforation Spacing and 
Placement 

The maximum spacing between perforations should not exceed 6 inches, but spacing 
of perforations is typically not critical to the function of the IMP as long as the total 
opening area provides capacity for the expected underdrain flow and does not limit 
infiltration through the soil media. The perforations can be placed closest to the invert 
of the pipe to achieve maximum potential for draining the facility. If an anaerobic zone 
is intended, the perforation can be placed at the top of the pipe. 

Slope 0.5 percent minimum slope toward outlet 

Cleanout Access Rigid, unperforated observation pipes with a diameter equal to the underdrain 
diameter should be connected to each individual underdrain (every 300 feet in larger 
systems) to provide a cleanout port and an observation well to monitor dewatering 
rates. The wells/cleanouts should be connected to the perforated underdrain with the 
appropriate manufactured connections. The wells/cleanouts must extend 6 inches 
above the mulch or sod layer and be capped with a screw cap to avoid damage from 
maintenance and vandalism. The ends of upgradient, lateral underdrain pipes not 
terminating in an observation well/cleanout must also be capped. 

Outfall The underdrain can be connected to a vegetated swale or another filter cell as part of 
a connected treatment system, daylighted to a vegetated dispersion area using an 
effective flow dispersion device, stored for reuse, or connected to a stormwater 
drainage system. 

Drainage Layer Washed No. 57 stone or similar alternative that has been washed to remove all fines. 

 

A.11.4.1 DRAINAGE LAYER SEPARATION 
A barrier to separate the soil media from the drainage layer should be installed. The following two options 
can be used for providing the separation from the soil media and the drainage layer: 

 Option 1: Place a thin, 2- to 4-inch layer of pure sand and a thin layer (nominally 2 inches) of 
choking stone (such as No. 8) between the soil media and the drainage stone as shown in Figure 
A.11-6. 
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Figure A.11-6. Underdrain barrier option 1: soil media barrier. Source: City of San Diego LID 
Design Manual. 

 Option 2: Place a geotextile fabric between the soil media and the drainage layer (Figure A.11-7). 
Geotextile should meet the requirements shown in Table A.11-2. 

Table A.11-2. Geotextile layer specifications 

Geotextile property Value Test method 

Trapezoidal tear (lbs) 40 (min) ASTM D4533 

Permeability (cm/sec) 0.2 (min) ASTM D4491 

AOS (sieve size) #60–#70 (min) ASTM D4751 

Ultraviolet resistance 70% or greater ASTM D4355 

 



PAGE A-100 APPENDIX A. INTEGRATED MANAGEMENT PRACTICE DESIGN GUIDANCE 

 
Source: City of San Diego LID Design Manual 

Figure A.11-7. Underdrain barrier option 2: geotextile liner. 

A.11.5 DIVERSION STRUCTURES 
If an IMP is designed as an offline system, a diversion structure will be required to route the design 
volume into the IMP. Figure A.11-8 shows a typical diversion structure that can be installed at an inlet. 

The inlet pipe and bypass pipe should be sized to limit the flow into the IMP to non-erosive flows. The 
maximum flow rates are as follows for different surface materials: 

 Mulched system = 1 foot per second 

 Grassed system = 3 feet per second 

 Reinforced turf matting = up to 14 feet per second (per manufacturers specifications) 
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Source: City of San Diego LID Design Manual. 

Figure A.11-8. Typical diversion structure. 

A.11.6 IMPERMEABLE LINERS AND HYDRAULIC RESTRICTION LAYERS 
Hydraulic restriction layers and impermeable liners prohibit horizontal and vertical infiltration (Figure 
A.11-9 and Figure A.11-10). Three material options exist to create impermeable liners and hydraulic 
restriction layers; geomembranes, concrete, and clay. All hydraulic restriction layers should extend the 
full depth of the soil media to the base of the drainage layer or to a depth where saturation will not affect 
any adjacent load-bearing soils. 



PAGE A-102 APPENDIX A. INTEGRATED MANAGEMENT PRACTICE DESIGN GUIDANCE 

A.11.6.1 GEOMEMBRANES 
Geomembranes are the most common impermeable liner and hydraulic restriction layer material used. 
Geomembranes should be a minimum of 30 mils thick and ultraviolet resistant. A geotextile fabric should 
be placed to protect the geomembrane. The fabric should meet the specifications Table A.11-3 describes. 

Table A.11-3. Protective geotextile fabric specifications 

Property Test Method Unit Specifications 

Unit weight -- oz/yd2 8 

Filtration rate ASTM D-423 & D-424 0.08 0.08 

Puncture strength ASTM D-751* lb 125 

Mullen burst strength ASTM D-751 psi 400 

Tensile strength ASTM D-1682 lb 200 

Equiv. opening size US Standard Sieve No. 80 

Source: Barrett 2005. 

A.11.6.2 CONCRETE 
Concrete can be used to line an IMP to create a hydraulic boundary. When used on the bottom to prevent 
infiltration, the IMP is commonly referred to as a planter box. Concrete barriers typically prevent damage 
that can occur to a liner during maintenance required for utilities in the right-of-way. 

A.11.6.3 CLAY 
Clay liners are typically only used as a vertical infiltration restriction layer and are used in conjunction 
with geomembranes if lateral seepage prevention is desired. Clay liners should meet the specifications 
Table A.11-4 describes. 

Table A.11-4. Clay liner specifications 

Property Test method Unit Specifications 

Thickness -- inch 12 

Permeability ASTM D-2434 cm/sec 1 x 10-6 

Plasticity Index of Clay ASTM D-423 & D-424 % Not less than 15 

Liquid Limit of Clay ASTM D-2216 % Not less than 30 

Clay Particles Passing ASTM D-422 % Not less than 30 

Clay Compaction ASTM D-2216 % 95% of Standard Proctor Density 

Source: Barrett 2005. 
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Source: City of San Diego LID Design Manual. 

Figure A.11-9. Lateral hydraulic restriction layer. 

 
Source: City of San Diego LID Design Manual. 

Figure A.11-10. Fully-lined bioretention area (flow-through planter). 
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A.11.7 UTILITIES 
Utilities should be avoided as much as possible when implementing IMPs. This can require shifting or 
relocating IMPs to prevent construction over utilities. When utilities are unavoidable, hydraulic restriction 
layers should be used to direct infiltration away from the utility. If a utility must pass through the IMP, 
liners should be appropriately sealed to prevent any seepage. Liners can be sealed using a patch that 
adheres to the utility line and seals directly to the liner. Local plumbing codes should be reviewed for 
restrictions pertaining to water and sewer utilities. 

Locations of future utilities should also be considered when planning an IMP’s site layout and 
configuration. Long, linear IMPs should have periodic breaks to allow for future utility trenches. At least 
one access point should be placed along any IMP for each parcel. 

 
Source: City of San Diego LID Design Manual. 

Figure A.11-11. Utility through a hydraulic restriction layer. 
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A.11.8 CONNECTIVITY 
When IMPs are implemented in rights-of-way and parking lots, pedestrian access routes should be 
maintained to prevent disturbance to the IMP and harm to the public, and also provide connections for 
future utilities. The IMP should remain hydraulically connected to fully use as much of the available area 
as possible. Connections can include open channels covered with an appropriate grate or culverts. 
Maintenance access and prevention of blockage should always be considered when planning connectivity. 

 
Source: City of San Diego LID Design Manual. 

Figure A.11-12. Access over linear IMPs. 

A.11.9 ADA REQUIREMENTS 
Americans with Disabilities Act (ADA) requirements are rarely an issue with IMP implementation. In 
areas with high pedestrian traffic levels, however, IMP designers should consider delineating the IMP 
using measures such as low-level and decorative fencing or a low profile curb to alert pedestrians of the 
IMP and potential changes in grade. 
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A.11.10 REFERENCES 
Barrett, M.E. 2005. Complying with the Edwards Aquifer Rules. Technical Guidance on Best 

Management Practices. RG-348. Prepared for Texas Commission on Environmental Quality, 
Field Operations Division, Austin, TX. 

A.12 COST ESTIMATES 
Planning-level cost estimates were developed for each IMP type on the basis of labor cost estimates from 
the County of San Diego and estimates from local vendors. Estimates for each cost component were 
developed on the basis of the design standards the previous sections provide. Costs are based on local 
information and recommendations compiled from local vendors. Table A.12-1 summarizes common cost 
elements associated with the planning and design of integrated management practices (IMPs). Table 
A.12-2 presents typical installation costs for a variety of IMP components. The range in cost estimates 
reflects the recommended ranges in the design specifications for each component. For example, a range in 
media depth of 2 to 4 feet results in a cost range of $2.65 to $4.00 per square foot. The project manager 
must refine these numbers throughout the phases of design to prepare a more accurate project 
construction estimate for bidding purposes. 

Table A.12-1. Common cost considerations in LID planning and design 

Common cost elements 

Planning 10% of total project costs 

Design 40% of total project costs 

Mobilization 10% of total project costs 

Contingency 20% of total project costs 

Site Preparation 

Clearing and grubbing 

Asphalt removal 

Concrete removal 

Sidewalk removal 

$0.79/ft2 

$3.35/ft2 

$3.35/ft2 

$2.00/ft2 
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Table A.12-2. Typical IMP installation cost estimates 

Implementation 

component 

IMP 

Bioretention 

Bioretention 

swale 

Permeable 

pavement 

Rock 

infiltration 

trench 

Flow 

through 

planter 

boxes Sand filter 

Vegetated 

(green) 

roof 

Vegetated 

filter strip 

Vegetated 

swale 

Cisterns/ 

rain 

barrels 

Excavation 

  
$1.35/ft2 to 

$2.65/ft2  
$5.90/ft2 to 

$7.20/ft2  
 

 
$1.32/ft3 

 

Without underdrains $4.00/ft2 to 
$5.25/ft2 

$4.00/ft2 to 
$5.25/ft2  

$4.00/ft2 to 
$5.25/ft2   

 
   

With underdrains $5.90/ft2 to 
$7.20/ft2 

$5.90/ft2 to 
$7.20/ft2  

$5.90/ft2 to 
$7.20/ft2  

$4.60/ft2 to 
$6.00/ft2 

 
   

2 feet (minimum) to 3 feet 

     

$2.65/ft2 to 
$4.00/ft2 

 
   

Fine Grading 
      

 
 

$0.34/ft2 
 

Soil Media 

     
$2.25/ft2 to 

$3.70/ft2  
   

Recommended mix $2.90/ft2 to 
$4.30/ft2 

$2.90/ft2 to 
$4.30/ft2  

$2.90/ft2 to 
$4.30/ft2 

$2.90/ft2 to 
$4.30/ft2  

 
   

With engineered media $3.60/ft2 to 
$5.40/ft2 

$3.60/ft2 to 
$5.40/ft2  

$3.60/ft2 to 
$5.40/ft2 

$3.60/ft2 to 
$5.40/ft2  

 
   

Soil Media Barrier 

Geotextile $0.50/ft2 $0.50/ft2 
 

$0.50/ft2 $0.50/ft2 $0.50/ft2  
   

Washed sand (2-inch 
layer) 

$0.25/ft2 $0.25/ft2 
 

$0.25/ft2 $0.25/ft2 $0.25/ft2  
   

No. 8 aggregate (min 2 
inches thick) $0.30/ft2 $0.30/ft2 

 
$0.30/ft2 $0.30/ft2 $0.30/ft2  
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Implementation 

component 

IMP 

Bioretention 

Bioretention 

swale 

Permeable 

pavement 

Rock 

infiltration 

trench 

Flow 

through 

planter 

boxes Sand filter 

Vegetated 

(green) 

roof 

Vegetated 

filter strip 

Vegetated 

swale 

Cisterns/ 

rain 

barrels 

Underdrain Pipe 

(includes drainage stone; 
assumes 5-foot spacing) 

$3.75/ft2 $3.75/ft2 
 

$3.75/ft2 $3.75/ft2 $3.75/ft2  
   

Curb and Gutter $22/ft $22/ft 
 

$22/ft $22/ft 
 

 
   

Mulch 

(ranges from mixed 
hardwood to gorilla hair) 

$0.25/ft2 to 
$0.5/ft2 

$0.25/ft2 to 
$0.5/ft2   

$0.25/ft2 to 
$0.5/ft2  

 
   

Hydraulic Restriction Layer 

Filter fabric $0.50/ft2 $0.50/ft2 
 

$0.50/ft2 
  

 
   

Clay $0.65/ft2 $0.65/ft2v 
 

$0.65/ft2v 
  

 
   

30-mil liner $0.40/ft2 $0.40/ft2 
 

$0.40/ft2 $0.40/ft2 $0.40/ft2  
   

Concrete barrier $16.00/ft2 $16.00/ft2 
 

$16.00/ft2 $16.00/ft2 $16.00/ft2  
   

Vegetation $0.40/ft2 to 
$4.00/ft2 

$0.40/ft2 to 
$4.00/ft2   

$0.40/ft2 to 
$4.00/ft2  

 
   

Sod 
      

 $0.42/ft2 $0.42/ft2 
 

Seeding 
      

 $0.33/ft2 $0.33/ft2 
 

Permeable Pavement Materials 

Pervious asphalt 
  

$2.00/ft2 
   

 
   

Pervious concrete 
  

$6.00/ft2 
   

 
   

PICP 
  

$4.00/ft2 
   

 
   

Plastic grid pavers 
  

$2.80 ea 
   

 
   

Bedding Layer 
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Implementation 

component 

IMP 

Bioretention 

Bioretention 

swale 

Permeable 

pavement 

Rock 

infiltration 

trench 

Flow 

through 

planter 

boxes Sand filter 

Vegetated 

(green) 

roof 

Vegetated 

filter strip 

Vegetated 

swale 

Cisterns/ 

rain 

barrels 

Washed sand (2-inch 
layer)   

$0.25/ft2 
   

 
   

No. 8 aggregate (min 2 
inches thick)   

$0.30/ft2 
   

 
   

No. 57 stone (min 6 
inches to 1 foot)   

$1.00/ft2 to 
$2.00/ft2    

 
   

Tanks/Cisterns 
      

 
  

$0.75/gallon 

Filter 

      
 

  
$35.00 to 
$360.00 

Foundation 

Gravel (assume 6-inch 
depth)       

 
  

$1.00/ft2 

Concrete (assume 6-inch 
depth)       

 
  

$16.00/ft2 

Vegetated (Green) Roof 

Extensive        $15 to $25    
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The inclusion of various sizes of projects in the maintenance costs attempts to include those costs in 
which an economy of scale has been observed. The sizes selected for this analysis were: 

 Large IMP systems = 4000 ft2 

 Medium IMP system = 2000 ft2 

 Small IMP system = 500 ft2 

These categories are based on typically sized IMPs. Treatment can be provided by a system of multiple 
IMP types, depending on the configuration of the site. The maintenance costs for each IMP type should 
be considered when developing an overall cost estimate for maintenance of the site as a whole. Table 
A.12-3 presents detailed information on installation and maintenance costs; these are based on the 
frequency and type of maintenance required, such as routine maintenance (costs associated with 
maintenance required monthly up to every 2 years), intermediate maintenance (costs associated with 
maintenance required every 6 to 10 years), and replacement maintenance (costs associated with 
replacement of the system; estimated as a service life of 20 years). This cost information will help provide 
full lifecycle cost analyses for these IMPs. Maintenance costs are based on estimates The County of San 
Diego developed. Cost estimates were compared to costs developed by the Water Environment Federation 
(WERF 2009) research and labor and equipment usage from other low impact development (LID) 
programs across the country. 
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Table A.12-3. Typical operation and maintenance costs 

Operation and 

maintenance 

activities 

LID practice type 

Bioretention 

Bioretention 

swale 

Permeable 

pavement 

Rock 

infiltration 

trench 

Flow 

through 

planter 

boxes 

Vegetated 

(green) 

roof 

Sand 

filter 

Cisterns/rain 

barrels 

Vegetated 

filter strip 

Vegetated 

swale 

Routine Maintenance (maintenance required monthly to every 2 years) 

Routine (small) $6.35/ft2 $6.35/ft2 $1.62/ft2 $3.13/ft2 $4.73/ft2 $3.95/ft2 $3.42/ft2 $2.85/ft2 $2.95/ft2 $2.95/ft2 

Routine (medium) $2.04/ft2 $2.04/ft2 $0.60/ft2 $1.21/ft2 $1.44/ft2 $1.13/ft2 $1.19/ft2 $0.92/ft2 $1.10/ft2 $1.10/ft2 

Routine (large) $1.47/ft2 $1.47/ft2 $0.48/ft2 $1.01/ft2 $0.95/ft2 $0.79/ft2 $0.86/ft2 $0.57/ft2 $0.66/ft2 $0.66/ft2 

Intermediate Maintenance (maintenance required every 2 to 3 years) 

Intermediate (small) $8.02/ft2 $8.02/ft2 $3.23/ft2 $4.52/ft2 $6.40/ft2  $4.81/ft2  $4.02/ft2 $4.02/ft2 

Intermediate 
(medium) $3.71/ft2 $3.71/ft2 $1.21/ft2 $2.60/ft2 $3.11/ft2  $2.58/ft2  $2.17/ft2 $2.17/ft2 

Intermediate (large) $3.14/ft2 $3.14/ft2 $0.96/ft2 $2.40/ft2 $2.61/ft2  $2.25/ft2  $1.72/ft2 $1.72/ft2 

Replacement 

Replacement (small) $14.68/ft2 $14.68/ft2 $13.17/ft2 $11.46/ft2 $13.07/ft2 $6.69/ft2 $8.98/ft2 0.6-2.25/gal $4.02/ft2 $4.02/ft2 

Replacement 
(medium) $10.37/ft2 $10.37/ft2 $8.57/ft2 $9.54/ft2 $9.77/ft2 $3.87/ft2 $6.74/ft2 0.6-2.25/gal $2.17/ft2 $2.17/ft2 

Replacement (large) $9.80/ft2 $9.80/ft2 $2.02/ft2 $9.34/ft2 $9.28/ft2 $3.53/ft2 $6.42/ft2 0.6-2.25/gal $1.72/ft2 $1.72/ft2 

Routine: Following event, monthly annual, up to 2-3 years 
Intermediate: once or perhaps twice during the service life; every 6-10 years 
Replacement: end of service life; 20 years 
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Description
Bioretention areas are small-scale, vegetated 
depressions designed to provide stormwater storage 
and filtration through engineered media. Using 
detention, sedimentation, filtra tion and adsorption, 
bioretention enhances the removal of contamin ants 
from stormwater by both plants and soils.

Bioretention can also incorporate pretreatment 
(i.e., vegetated filter strips, vegetated swales or 
settling forebays), allowing increased sedimentation 
and capture of debris from heavily trafficked 
areas. Finally, bioretention can be used in-line with 
traditional stormwater conveyance systems.

Treatment Efficiency

Runoff Volume High (unlined) / Low (lined)

Sediment High

Nutrients Medium

Pathogens High

Metals High

Oil & Grease High

Organics High

Bioretention Siting and Suitability
Bioretention areas offer flexibility in design 
and can easily be incorporated into new or 
existing infrastructure such as parking lot 
islands and edges, street rights-of-way and 
medians, roundabouts, pedestrian walkways, 
public transit stops, or building drainage 
areas. The available space and site topography 
often dictate the geometry and size of the 
bioretention areas. Additional site objectives 
include incorporation into the site’s natural 
hydrologic regime and further enhancement of 
natural landscape features in an urban setting. 
See Section 3 for details.

Drainage Area: Less than 5 acres and fully 
stabilized.

Head Requirements: Bioretention typically 
requires a minimum of 2.5 to 3.5 ft of 
elevation difference between the inlet and 
outlet to the receiving storm drain network.

Slopes: Slopes draining to bioretention should 
be 15% or less, side slopes should be 3:1 
(H:V) or flatter, and internal longitudinal slope 
should be 2% or less.

Setbacks: Provide 10-ft setback from 
structures/foundations, 100-ft setback from 
septic fields and water supply wells, and 50-ft 
setback from steep slopes.

Water Table & Bedrock: At least 10 ft 
separation must be provided between bottom 
of cut (subgrade) and seasonal high water 
table, bedrock, or other restrictive features.

Soil Type: Bioretention can be used in any 
soils. If subsoil infiltration is less than  
0.5 in/hr, an underdrain should be installed. 
A liner may be needed if subsoils contain 
expansive clays or calcareous minerals.

Areas of Concern: Infiltration is not allowed 
at sites with known soil contamination or hot 
spots, such as gas stations. An appropriate 
impermeable liner must be used in areas of 
concern.

Design Considerations & Specifications  
(see Appendices A & G for details)

Design 
Component General Specification
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1 Impermeable liner If non-infiltrating (per geotechnical investigation), use clay liner, 
geomembrane liner, or concrete.

2 Lateral hydraulic 
restriction barriers

May use concrete or geomembrane to restrict lateral flows to 
adjacent subgrades, foundations, or utilities. 

3 Underdrain/
Infiltration

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 40 
PVC pipe with perforations (slots or holes) every 6 inches. If design 
is fully-infiltrating, ensure that subgrade compaction is minimized.

4 Cleanouts/ 
Observation Wells

Provide 6-inch diameter cleanout ports/observation wells for each 
underdrain pipe. 

5 Internal Water 
Storage (IWS)

If using underdrain, the underdrain outlet can be elevated to create 
a sump for additional moisture retention to promote plant survival 
and treatment. Top of IWS should be greater than 18 inches below 
surface.

6 Temporary Ponding 
Depth 

6–18 inches (6–12 inches near schools or in residential areas); 
average ponding depth of 9 inches is recommended.

7 Drawdown Time Surface drawdown: 12–96 hrs, Subsurface dewatering: 48 hrs.
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8 Soil Media Depth 1.5–4 feet (deeper for better pollutant removal, hydrologic benefits, 
and deeper rooting depths).

9 Soil Media 
Composition

65% sand, 20% sandy loam, and 15% compost (from vegetation-
based feedstock; animal wastes or by-products should not be 
applied) by volume.

10 Media Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 in/hr 
for alternative designs, as approved by local jurisdiction).

11 Chemical Analysis Total phosphorus < 15 ppm, pH 6–8, CEC > 5 meq/100 g soil.

Organic Matter Content < 5% by weight.

12 Drainage Layer Separate media from underdrain with 2 to 4 inches of washed sand 
(ASTM C-33), followed by 2 inches of choking stone (ASTM No. 8) 
over a 1.5 ft envelope of ASTM No. 57 stone.
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13 Inlet/Pretreatment Provide stabilized inlets at least 12 inches wide and energy 
dissipation. Install rock armored forebay for concentrated flows, 
gravel fringe and vegetated filter strip for sheet flows, or vegetated 
swale.

14 Outlet Configuration Online: All runoff is routed through system—install an elevated 
overflow structure or weir at the elevation of maximum ponding.

Offline: Only treated volume is diverted to system—install a 
diversion structure or allow bypass of high flows.
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e 15 Mulch Dimensional chipped hardwood or triple shredded, well-aged 
hardwood mulch 3-inches-deep.

16 Vegetation Native, deep rooting, drought tolerant plants.

17 Multi-Use Benefits Provide educational signage, artwork, or wildlife amenities.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment inspection

Weekly or 
biweekly with 
routine property 
maintenance

Excessive sediment, trash, and/or debris 
accumulation on the surface of bioretention

Permanently stabilize any exposed soil and remove any accumulated sediment. 
Adjacent pervious areas may need to be regraded.

Inlet inspection Internal erosion or excessive sediment, 
trash, and/or debris accumulation

Check for sediment accumulation to ensure that flow into the bioretention is as 
designed. Remove any accumulated sediment.

Litter/leaf removal and misc. 
upkeep

Accumulation of litter and debris within 
bioretention area, mulch around outlet, 
internal erosion

Litter, leaves, and debris should be removed to reduce the risk of outlet clogging, 
reduce nutrient inputs to the bioretention area, and to improve facility aesthetics. 
Erosion should be repaired and stabilized.

Pruning 1–2 times/year Overgrown vegetation that interferes with 
access, lines of sight, or safety

Nutrients in runoff often cause bioretention vegetation to flourish.

Mowing 2–12 times/year Overgrown vegetation that interferes with 
access, lines of sight, or safety

Frequency depends on location and desired aesthetic appeal and type of vegetation.

Outlet inspection 1 time/year Erosion at outlet Remove any accumulated mulch or sediment.

Mulch removal and replacement 1 time/2–3 years 2/3 of mulch has decomposed Remove decomposed fraction and top off with fresh mulch to a total depth of 3 inches

Remove and replace dead plants 1 time/year Dead plants Within the first year, 10 percent of plants can die. Survival rates increase with time.

Temporary Watering 1 time/2–3 days for 
first 1–2 months 

Until establishment and during severely-
droughty weather

Watering after the initial year might be required.

Fertilization 1 time initially Upon planting One-time spot fertilization for first year vegetation.

This diagram shows the major design components of bioretention. 
Underdrains should be excluded when subsoil infiltration rates are 
suitable. Additional hydromodification control can be provided by 
increasing surface storage volume or subsurface drainage layer 
storage depth.

Typical Bioretention Profile

A bioretention area intercepts and treats runoff from a residential 
development. IWS is demonstrated in the rendered cross section by 
upturning the underdrain in the outlet structure. Note: photograph was 
enhanced by rendering additional vegetation.

Bioretention Area Cross Section 
Seaside Ridge Development, San Diego, CA



Description
Bioretention swales are shallow, open channels 
that are designed to reduce runoff volume through 
infiltra tion. Additionally, bioretention swales remove 
pollutants such as trash and debris by filtering 
water through vegetation within the channel. 
Swales can serve as conveyance for stormwater 
and can be used in place of traditional curbs and 
gutters; however, when compared to traditional 
conveyance systems the primary objective of a 
bioretention swale is infiltration and water quality 
enhancement rather than con veyance. In addition 
to reducing the mass of pollutants in runoff, 
properly maintained bioretention swales can 
enhance the aesthetics of a site.

Treatment Efficiency

Runoff 
Volume

High (unlined) /  
Low (lined)

Bacteria High

Sediment High Nutrients Medium

Trash/
debris

High Heavy 
Metals

High

Organics High Oil & 
Grease

High

Bioretention SwaleSiting and Suitability
Bioretention swales are highly versatile 
stormwater IMPs that effectively reduce 
pollutants. With a narrow width, bioretention 
swales can be integrated into site plans with 
various configurations and components. Ideal 
sites for bioretention swales include the 
right-of-way of linear transportation corridors 
and along borders or medians of parking lots. 
In heavily trafficked areas, curb cuts can be 
used to delineate boundaries. Bioretention 
swales can be combined with other basic and 
stormwater runoff BMPs to form a treatment 
train, reducing the required size of a single IMP 
unit. See Section 3 for details.

Drainage Area: Less than 2 acres and fully 
stabilized.

Head Requirements: Bioretention swale 
typically requires a minimum of 2.5 to 3.5 ft 
of elevation difference between the inlet and 
outlet to the receiving storm drain network.

Slopes: Slopes draining to bioretention swale 
should be 15% or less, side slopes should be 
3:1 (H:V) or flatter, and check dams should 
be used to provide longitudinal bed slopes of 
2.5% (average slope should not exceed 4% 
from inlet to outlet).

Setbacks: Provide 10-ft setback from 
structures/foundations, 100-ft setback from 
septic fields and water supply wells, and 50-ft 
setback from steep slopes.

Water Table & Bedrock: At least 10 ft 
separation must be provided between bottom 
of cut (subgrade) and seasonal high water 
table, bedrock, or other restrictive features.

Soil Type: Bioretention swale can be used in 
any soils. If subsoil infiltration is less than 
0.5 in/hr, an underdrain should be installed. 
A liner may be needed if subsoils contain 
expansive clays or calcareous minerals.

Areas of Concern: Infiltration is not allowed 
at sites with known soil contamination or hot 
spots, such as gas stations. An appropriate 
impermeable liner must be used in areas of 
concern.

This rendering demonstrates the application of bioretention swales 
as green street retrofits. Runoff enters the bioretention swale 
through curb cuts and is filtered vertically through the soil media. 
Lateral hydraulic restriction layers protect adjacent infrastructure 
from lateral seepage while allowing infiltration from the bottom of 
the bioretention swale. The underdrain is offset to avoid roots of 
existing vegetation.

This schematic shows the major design elements of a bioretention 
swale. IWS is incorporated for enhanced infiltration and water quality 
treatment by upturning the underdrain in the outlet structure. Check 
dams ensure capture of the water quality volume and slow surface 
flow during larger storms.

Design Considerations & Specifications  
(see Appendices A & G for details)

Design 
Component General Specification
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1 Impermeable liner If non-infiltrating (per geotechnical investigation), use clay liner, 
geomembrane liner, or concrete.

2 Lateral hydraulic 
restriction barriers

May use concrete or geomembrane to restrict lateral seepage to 
adjacent subgrades, foundations, or utilities. 

3 Underdrain/
Infiltration

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 40 PVC 
pipe with perforations (slots or holes) every 6 inches. If design is fully-
infiltrating, ensure that subgrade compaction is minimized.

4 Cleanouts/ 
Observation Wells

Provide 6-inch diameter cleanout ports/observation wells for each 
underdrain pipe. 

5 Internal Water 
Storage (IWS)

If using underdrain, the underdrain outlet can be elevated to create a 
sump for additional moisture retention to promote plant survival and 
treatment. Top of IWS should be greater than 18 inches below surface.

6 Temporary Ponding 
Depth 

Use check dams to provide 6–18 inches (6–12 inches near schools or in 
residential areas); average ponding depth of 9 inches is recommended.

7 Drawdown Time Surface drawdown: 12–96 hrs, Subsurface dewatering: 48 hrs.
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8 Soil Media Depth 2–4 feet (deeper for better pollutant removal, hydrologic benefits, and 
deeper rooting depths).

9 Soil Media 
Composition

65% sand, 20% sandy loam, and 15% compost (from vegetation-based 
feedstock; animal wastes or by-products should not be applied) by 
volume.

10 Media Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 in/hr for 
alternative designs, as approved by local jurisdiction)

11 Chemical Analysis Total phosphorus < 15 ppm, pH 6–8, CEC > 5 meq/100 g soil.

Organic Matter Content < 5% by weight.

12 Drainage Layer Separate media from underdrain with 2 to 4 inches of washed concrete 
sand (ASTM C-33), followed by 2 inches of choking stone (ASTM No. 8) 
over a 1.5 ft envelope of ASTM No. 57 stone.
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13 Inlet/Pretreatment Provide stabilized inlets at least 12 inches wide and energy dissipation. 
Install rock armored forebay for concentrated flows, gravel fringe and 
vegetated filter strip for sheet flows.

14 Slope and Grade 
Control

If necessary, use check dams to maintain maximum 2.5% bed 
slope. Check dams should extend sufficiently deep to prevent piping 
(undercutting) below the check dam.

15 Outlet 
Configuration

Online: All runoff is routed through system—install an elevated overflow 
structure or weir at the elevation of maximum ponding.

Offline: Only treated volume is diverted to system—install a diversion 
structure or allow bypass of high flows.
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e 16 Mulch Dimensional chipped hardwood or triple shredded, well-aged hardwood 
mulch 3-inches-deep.

17 Vegetation Native, deep rooting, drought tolerant plants.

18 Multi-Use Benefits Provide educational signage, artwork, or wildlife amenities.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment inspection

Weekly or 
biweekly with 
routine property 
maintenance

Excessive sediment, trash, and/or 
debris accumulation on the surface of 
bioretention swale

Permanently stabilize any exposed soil and remove any accumulated sediment. 
Adjacent pervious areas may need to be regraded.

Inlet inspection Internal erosion or excessive sediment, 
trash, and/or debris accumulation

Check for sediment accumulation to ensure that flow into the bioretention swale is as 
designed. Remove any accumulated sediment.

Litter/leaf removal and misc. 
upkeep

Accumulation of litter and debris within 
bioretention swale area, mulch around 
outlet, internal erosion

Litter, leaves, and debris should be removed to reduce the risk of outlet clogging, 
reduce nutrient inputs to the bioretention area, and to improve facility aesthetics. 
Erosion should be repaired and stabilized.

Pruning 1–2 times/year Overgrown vegetation that interferes with 
access, lines of sight, or safety

Nutrients in runoff often cause bioretention vegetation to flourish.

Mowing 2–12 times/year Overgrown vegetation that interferes with 
access, lines of sight, or safety

Frequency depends on location and desired aesthetic appeal and type of vegetation.

Outlet inspection 1 time/year Erosion at outlet Remove any accumulated mulch or sediment.

Mulch removal and replacement 1 time/2–3 years 2/3 of mulch has decomposed Remove decomposed fraction and top off with fresh mulch to a total depth of 3 inches

Remove and replace dead plants 1 time/year Dead plants Within the first year, 10 percent of plants can die. Survival rates increase with time.

Temporary Watering 1 time/2–3 days for 
first 1–2 months 

Until establishment and during severely-
droughty weather

Watering after the initial year might be required.

Fertilization 1 time initially Upon planting One-time spot fertilization for first year vegetation.

Bioretention Swale in Roadway Median (Rendering) 
Logan Avenue, San Diego, CA

Typical Bioretention Swale Profile



Description
Permeable pavement allows for percolation of 
stormwater through subsurface aggregate and offers 
an alternative to conventional concrete and asphalt 
paving. Typically, stormwater that drains through the 
permeable surface is allowed to infiltrate underlying 
soils and excess runoff drains through perforated 
underdrain pipes. Permeable pavement can be 
designed as a self-treating or self-retaining area.

Treatment Efficiency

Runoff Volume High (unlined) / Low (lined)

Sediment High

Nutrients Low

Pathogens Medium

Metals High

Oil & Grease Medium

Organics Low

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment inspection Weekly or biweekly during 
routine property maintenance

Sediment accumulation on adjacent impervious 
surfaces or in voids/joints of permeable pavement

Stabilize any exposed soil and remove any accumulated sediment. 
Adjacent pervious areas may need to be graded to drain away from 
permeable pavement.

Miscellaneous 
upkeep

Weekly or biweekly during 
routine property maintenance

Trash, leaves, weeds, or other debris accumulated on 
permeable pavement surface

Immediately remove debris to prevent migration into permeable 
pavement voids. Identify source of debris and remedy problem to avoid 
future deposition.

Preventative vacuum/
regenerative air 
street sweeping

Twice a year in higher sediment 
areas

N/A Pavement should be swept with a vacuum power or regenerative air 
street sweeper at least twice per year to maintain infiltration rates.

Replace fill materials As needed For paver systems, whenever void space between 
joints becomes apparent or after vacuum sweeping

Replace bedding fill material to keep fill level with the paver surface.

Restorative vacuum/
regenerative air 
street sweeping

As needed Surface infiltration test indicates poor performance or 
water is ponding on pavement surface during rainfall

Pavement should be swept with a vacuum power or regenerative air 
street sweeper to restore infiltration rates.

Design Considerations & Specifications  
(see Appendix A for details)

Design Component General Specification
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1 Impermeable 
liner

If non-infiltrating (per geotechnical investigation), use clay liner, 
geomembrane liner, or concrete.

2 Lateral hydraulic 
restriction 
barriers

May use concrete or geomembrane to restrict lateral seepage 
to adjacent subgrades, foundations, or utilities. 

3 Underdrain/
Infiltration

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 
40 PVC pipe with perforations (slots or holes) every 6 inches. If 
design is fully infiltrating, ensure that subgrade compaction is 
minimized.

4 Observation 
Wells

Provide capped observation wells to monitor drawdown.

5 Internal Water 
Storage (IWS)

If using underdrain in infiltrating systems, the underdrain outlet 
can be elevated to create a sump to enhance infiltration and 
treatment. 

6 Drawdown Time If using fully-lined system, provide orifice at underdrain outlet 
sized to release water quality volume over 2–5 days.

7 Subgrade Slope 
and Geotextile

Subgrade slope should be 0.5% or flatter. Baffles should be 
used to ensure water quality volume is retained. Geotextile 
should be used along perimeter of cut to prevent soil from 
entering the aggregate voids.

P
ro

fil
e

8 Surface Course Pervious concrete, porous asphalt, and permeable interlocking 
concrete pavers (PICP) are the preferred types of permeable 
pavement because detailed industry standards and certified 
installers are available. 

9 Temporary 
Ponding Depth 

Surface ponding should be provided (by curb and gutter) to 
capture the design storm in the event that the permeable 
pavement surface clogs.

10 Bedding Course 
(for PICP)

Use a 2-inch bedding course of ASTM No. 8 stone.

11 Reservoir Layer Base layer should be washed ASTM No. 57 stone (washed ASTM 
No. 2 may be used as a subbase layer for additional storage).

12 Structural Design A pavement structural analysis should be completed by a 
qualified and licensed professional.
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13 Large Storm 
Routing

For poured in place systems (pervious concrete or porous 
asphalt): system can overflow internally or on the surface.  
For modular/paver-type systems (PICP): internal bypass is 
required to prevent upflow and transport of bedding course.
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14 Edge Restraints 
and Dividers

Provide a concrete divider strip between any permeable and 
impermeable surfaces and around the perimeter of PICP 
installations.

15 Signage Signage should prohibit activities that cause premature clogging 
and indicate to pedestrians and maintenance staff that the 
surface is intended to be permeable.

16 Multi-Use Benefits Provide educational signage, enhanced pavement colors, or 
stormwater reuse systems.

Permeable PavementSiting and Suitability
The use of permeable pavement is encouraged 
for sites such as parking lots, driveways, ped-
estrian plazas, rights-of-way, and other lightly 
traveled areas. Numerous types and forms of 
permeable pavers exist and offer a range of 
utility, strength, and permeability. Permeable 
pavement must be designed to support the 
maximum anticipated traffic load but should 
not be used in highly trafficked areas. For 
designs that include infiltration, surrounding 
soils must allow for adequate infiltration. 
Precautions must be taken to protect soils 
from compaction during construction. See 
Section 3 for details.

Available Space: Permeable pavement is 
typically designed to treat storm water that 
falls on the pavement surface area and runon 
from other impervious surfaces. It is most 
commonly used at commercial, institutional, 
and residential locations in area that are 
traditionally impervious. Permeable pavement 
should not be used in high-traffic areas.

Underground Utilities: Complete a utilities 
inventory to ensure that site development will 
not interfere with or affect utilities.

Existing Buildings: Assess building effects on 
the site. Permeable pavement must be set 
away from building foundations at least 10 feet 
and 50 feet from steep slopes and 100 feet 
from water supply wells.

Water Table and Bedrock: Permeable pave ment 
is applicable where depth from subgrade to 
seasonal high water table, bedrock, or other 
restrictive feature is 10 feet or greater.

Soil Type: Examine site compaction and soil 
characteristics. Minimize compaction during 
construction; do not place the bed bottom on 
compacted fill. Determine site-specific perm-
eability; it is ideal to have well-drained soils.

Areas of Concern: Permeable pavement 
that includes infiltration in design is not 
recommended for sites with known soil 
contamination or hot spots such as gas 
stations. Impermeable membrane can be used 
to contain flow within areas of concern.

Permeable pavements can be used to treat and reduce stormwater runoff 
in parking lots, roadway parking lanes, and pedestrian plazas. A reservoir 
layer below the permeable surface detains stormwater as it infiltrates or is 
slowly release through underdrain pipes.

This schematic represents a typical permeable pavement profile with 
internal water storage to enhance capture and infiltration of the design 
storm volume. An orifice can be provided at the invert of the underdrain 
to slowly dewater captured runoff in non-infiltrating systems.

Pervious Concrete Cross Section  
Cottonwood Creek Park, Encinitas, CA

Typical Permeable Pavement Profile



Description
Rock infiltration swales are shallow, open channels 
that are designed to reduce runoff volume through 
infiltra tion. Rock infiltration swales are identical to 
bioretention swales except the surface is typically 
covered by cobble rather than mulch and vegetation. 
Rock infiltration swales can serve as conveyance for 
stormwater and can be used in place of traditional 
curbs and gutters; however, when compared 
to traditional conveyance systems the primary 
objective of a rock infiltration swale is infiltration and 
water quality enhancement rather than con veyance. 
In addition to reducing the mass of pollutants in 
runoff, properly maintained rock infiltration swales 
can enhance the aesthetics of a site.

Treatment Efficiency

Runoff 
Volume

High (unlined) /  
Low (lined)

Bacteria High

Sediment High Nutrients Medium

Trash/
debris

High Heavy 
Metals

High

Organics High Oil & 
Grease

High

Rock Infiltration SwaleSiting and Suitability
Rock infiltration swales are highly versatile 
stormwater IMPs that effectively reduce 
pollutants. With a narrow width, rock infiltration 
swales can be integrated into site plans with 
various configurations and components. Ideal 
sites for rock infiltration swales include the 
right-of-way of linear transportation corridors 
and along borders or medians of parking lots. 
In heavily trafficked areas, curb cuts can be 
used to delineate boundaries. Rock infiltration 
swales can be combined with other basic and 
stormwater runoff BMPs to form a treatment 
train, reducing the required size of a single IMP 
unit. See Section 3 for details.

Drainage Area: Less than 2 acres and fully 
stabilized.

Head Requirements: Rock infiltration swale 
typically requires a minimum of 2.5 to 3.5 ft 
of elevation difference between the inlet and 
outlet to the receiving storm drain network.

Slopes: Slopes draining to rock infiltration 
swale should be 15% or less, side slopes 
should be 3:1 (H:V) or flatter, and check dams 
should be used to provide longitudinal bed 
slopes of 2.5% (average slope should not 
exceed 4% from inlet to outlet).

Setbacks: Provide 10-ft setback from 
structures/foundations, 100-ft setback from 
septic fields and water supply wells, and 50-ft 
setback from steep slopes.

Water Table & Bedrock: At least 10 ft 
separation must be provided between bottom 
of cut (subgrade) and seasonal high water 
table, bedrock, or other restrictive features.

Soil Type: Rock infiltration swale can be used in 
any soils. If subsoil infiltration is less than 0.5 
in/hr, an underdrain should be installed. A liner 
may be needed if subsoils contain expansive 
clays or calcareous minerals.

Areas of Concern: Infiltration is not allowed 
at sites with known soil contamination or hot 
spots, such as gas stations. An appropriate 
impermeable liner must be used in areas of 
concern.

This schematic shows the major components of a rock infiltration 
swale. The rock infiltration swale in the photograph intercepts 
roadway runoff through curb cuts and filters it through subsurface 
soil media.

 Rock Infiltration Swale Cross Section, Encinitas, CA

Design Considerations & Specifications  
(see Appendices A & G for details)

Design Component General Specification
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1 Impermeable liner If non-infiltrating (per geotechnical investigation), use clay liner, 
geomembrane liner, or concrete.

2 Lateral hydraulic 
restriction barriers

May use concrete or geomembrane to restrict lateral seepage to 
adjacent subgrades, foundations, or utilities. 

3 Underdrain/
Infiltration

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 
40 PVC pipe with perforations (slots or holes) every 6 inches. If 
design is fully-infiltrating, ensure that subgrade compaction is 
minimized.

4 Cleanouts/ 
Observation Wells

Provide 6-inch diameter cleanout ports/observation wells for 
each underdrain pipe. 

5 Internal Water 
Storage (IWS)

If using underdrain, the underdrain outlet can be elevated to 
create a sump for additional moisture retention treatment. Top of 
IWS should be greater than 18 inches below surface.

6 Temporary Ponding 
Depth 

Use check dams to provide 6–18 inches (6–12 inches near 
schools or in residential areas); average ponding depth of 
9 inches is recommended.

7 Drawdown Time Surface drawdown: 12–96 hrs, Subsurface dewatering: 48 hrs.

S
oi

l M
ed

ia

8 Soil Media Depth 2–4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths).

9 Soil Media 
Composition

65% sand, 20% sandy loam, and 15% compost (from 
vegetation-based feedstock; animal wastes or by-products 
should not be applied) by volume.

10 Media Permeability 5 in/hr infiltration rate for the flow-based SUSMP method 
(1–6 in/hr for alternative designs, as approved by local 
jurisdiction).

11 Chemical Analysis Total phosphorus < 15 ppm, pH 6–8, CEC > 5 meq/100 g soil.
Organic Matter Content < 5% by weight.

12 Drainage Layer Separate media from underdrain with 2 to 4 inches of washed 
concrete sand (ASTM C-33), followed by 2 inches of choking 
stone (ASTM No. 8) over a 1.5 ft envelope of ASTM No. 57 stone.

R
ou

ti
ng

13 Inlet/Pretreatment Provide stabilized inlets at least 12 inches wide and energy 
dissipation. Install rock armored forebay for concentrated flows, 
gravel fringe and vegetated filter strip for sheet flows.

14 Slope and Grade 
Control

If necessary, use check dams to maintain maximum 2.5% bed 
slope. Check dams should extend sufficiently deep to prevent 
piping (undercutting) below the check dam.

15 Outlet 
Configuration

Online: All runoff is routed through system—install an elevated 
overflow structure or weir at the elevation of maximum ponding.

Offline: Only treated volume is diverted to system—install a 
diversion structure or allow bypass of high flows.
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tolerant, low-maintenance trees and shrubs.

17 Multi-Use Benefits Provide educational signage, artwork, or wildlife amenities.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment 
inspection

Weekly or 
biweekly with 
routine property 
maintenance

Excessive sediment, trash, and/or debris 
accumulation on the surface of rock 
infiltration swale

Permanently stabilize any exposed soil and remove any accumulated sediment in a 
manner that does not cause an illegal discharge. Adjacent pervious areas may need to 
be regraded.

Inlet inspection Internal erosion or excessive sediment, trash, 
and/or debris accumulation

Check for sediment accumulation to ensure that flow into the rock infiltration swale is 
as designed. Remove any accumulated sediment.

Litter/leaf removal 
and misc. upkeep

Accumulation of litter and debris within rock 
infiltration swale area, mulch around outlet, 
internal erosion

Litter, leaves, and debris should be removed to reduce the risk of outlet clogging, 
reduce nutrient inputs to the bioretention area, and to improve facility aesthetics. 
Erosion should be repaired and stabilized.

Outlet inspection 1 time/year Erosion at outlet Remove any accumulated mulch or sediment.

Temporary Watering 1 time/2–3 days for 
first 1–2 months 

Until establishment and during severely-
droughty weather

Watering after the initial year might be required.

Fertilization 1 time initially Upon planting One-time spot fertilization for first year vegetation.



Description
Flow-through planters are vegetated IMP units 
that capture, temporarily store, and filter storm 
water runoff. The vegeta tion, ponding areas, and 
soil media in the flow-through planters remove 
contaminants and retain storm water flows from 
small drainage areas before directing the treated 
storm water to an underdrain system. Typically, Flow-
through planters  are completely contained systems; 
for this reason, they can be used in areas where 
geotechnical constraints prevent or limit infiltration 
or in areas of concern where infiltration should be 
avoided. Flow-through planters offer considerable 
flexibility and can be incorporated into small spaces, 
enhancing natural aesthetics of the landscape.

Treatment Efficiency

Runoff Volume Low Metals High

Sediment High Oil & Grease High

Nutrients Medium Organics High

Pathogens High

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment 
inspection

Weekly or biweekly 
with routine property 
maintenance

Excessive sediment, trash, and/or debris 
accumulation on the surface of bioretention swale

Permanently stabilize any exposed soil and remove any accumulated sediment. Adjacent 
pervious areas may need to be regraded.

Inlet inspection Internal erosion or excessive sediment, trash, and/
or debris accumulation

Check for sediment accumulation to ensure that flow into the bioretention swale is as 
designed. Remove any accumulated sediment.

Litter/leaf removal 
and misc. upkeep

Accumulation of litter and debris within 
bioretention swale area, mulch around outlet, 
internal erosion

Litter, leaves, and debris should be removed to reduce the risk of outlet clogging, reduce 
nutrient inputs to the bioretention area, and to improve facility aesthetics. Erosion should 
be repaired and stabilized.

Pruning 1–2 times/year Overgrown vegetation that interferes with access, 
lines of sight, or safety

Nutrients in runoff often cause bioretention vegetation to flourish.

Mowing 2–12 times/year Overgrown vegetation that interferes with access, 
lines of sight, or safety

Frequency depends on location and desired aesthetic appeal and type of vegetation.

Outlet inspection 1 time/year Erosion at outlet Remove any accumulated mulch or sediment.

Mulch removal and 
replacement

1 time/2–3 years 2/3 of mulch has decomposed Remove decomposed fraction and top off with fresh mulch to a total depth of 3 inches

Remove and replace 
dead plants

1 time/year Dead plants Within the first year, 10 percent of plants can die. Survival rates increase with time.

Temporary Watering 1 time/2–3 days for 
first 1–2 months 

Until establishment and during severely-droughty 
weather

Watering after the initial year might be required.

Fertilization 1 time initially Upon planting One-time spot fertilization for first year vegetation.

Design Considerations & Specifications  
(see Appendices A & G for details)

Design Component/
Consideration General Specification
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1 Impermeable liner Planter boxes are typically contained within a concrete vault.

2 Underdrain 
(required)

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 40 PVC 
pipe with perforations (slots or holes) every 6 inches. If design is fully 
infiltrating, ensure that subgrade compaction is minimized. 

3 Cleanouts/
Observation Wells

Provide 6-inch diameter cleanout ports/observation wells for each 
underdrain pipe.

4 Internal Water 
Storage (IWS)

With careful plant selection, the outlet can be slightly elevated to 
create a sump for additional moisture retention to promote plant 
survival and enhanced treatment. Top of IWS should be greater than 
18 inches below surface.

5 Temporary Ponding 
Depth

Provide 6–18 inches surface ponding (6–12 inches near schools or in 
residential areas); average ponding depth of 9 inches is recommended.

6 Drawdown Time Surface drawdown: 12–96 hrs, Subsurface dewatering: 48 hrs.

S
oi

l M
ed

ia

7 Soil Media Depth 2–4 feet (deeper for better pollutant removal, hydrologic benefits, and 
deeper rooting depths).

8 Soil Media 
Composition

65% sand, 20% sandy loam, and 15% compost (from vegetation-based 
feedstock; animal wastes or by-products should not be applied) by 
volume.

9 Media Permeability 5 in/hr infiltration rate for the flow-based SUSMP method (1–6 in/hr for 
alternative designs, as approved by local jurisdiction).

10 Chemical Analysis Total phosphorus < 15 ppm, pH 6–8, CEC > 5 meq/100 g soil. 

Organic Matter Content < 5% by weight.

11 Drainage Layer Separate soil media from underdrain with 2 to 4 inches of washed 
concrete sand (ASTM C33), followed by 2 inches of choking stone 
(ASTM No. 8) over a 1.5 ft envelope of ASTM No. 57 stone. Additional 
aggregate storage depth can be provided for hydromodification control.
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12 Inlet/ Pretreatment Provide stabilized inlets and energy dissipation. Install rock armored 
forebay, gravel splash pad, or upturn incoming pipes.

13 Outlet Configuration Online: All runoff is routed through system—install an elevated overflow 
structure or weir at the elevation of maximum ponding.

Offline: Only treated volume is diverted to system—install a diversion 
structure or allow bypass of high flows.

La
nd

sc
ap

e 14 Mulch Dimensional chipped hardwood or triple shredded, well-aged hardwood 
mulch 3-inches-deep.

15 Vegetation Native, deep rooting, drought tolerant plants.

16 Multi-Use Benefits Provide educational signage, artwork, or wildlife habitat.

Flow-Through PlantersSiting and Suitability
Flow-through planters require relatively little 
space and can be easily adapted for urban 
retrofits such as building and rooftop runoff 
catchments or into new street and sidewalk 
designs. Because flow-through planters are 
typically fully-contained systems, available 
space presents the most significant limitation. 
To ensure healthy vegeta tion in the planter box, 
proper plant and media selection are important 
considerations for accommodating the drought, 
ponding fluctuations, and brief periods of 
saturated soil conditions. See Section 3 for 
details.

Drainage Area: To be less than 0.35 acres and 
fully stabilized.

Underground Utilities: Complete a utilities 
inventory to ensure that site development will 
not interfere with or affect the utilities.

Existing Buildings: Assess building effects 
(runoff, solar shadow) on the site. When 
completely contained, building setbacks are 
less of a concern.

Water Table: Seasonal high water table should 
be located below the bottom of the planter.

Soil Type: Soils within the drainage area must 
be stabilized. If flow-through planters are fully 
contained, local soils must provide structural 
support.

Areas of Concern: Fully-contained flow-through 
planters can be used in areas with known soil 
contamination or in hot spots.

This diagram shows the design elements of a flow-through planter 
installed for water quality control. Flow-through planters can be 
used in highly urbanized settings or areas where infiltration is 
restricted. Additional surface storage or subsurface aggregate 
storage can be provided for hydromodification control.

Typical Flow-Through Planter Cross Section



Description
Vegetated roofs are vegetated surfaces generally 
installed on flat or gently sloped rooftops. 
Sometimes called green roofs, they consist of 
drought tolerant vegetation grown in a thin layer of 
media underlain by liner and drainage components. 
Vegetated roofs reduce stormwater runoff volume 
and improve water quality by intercepting rainfall 
which is either filtered by the media, evaporated 
from the roof surface or utilized by the vegetation. 
Vegetated roofs can be installed on a wide range of 
building types and may provide additional functions 
such as extending roof-life and reducing energy 
requirements of the building. Research has shown 
that vegetated roofs also may improve property 
values of adjacent buildings and provide air quality 
benefits. In addition to these functions vegetated 
roofs can serve as passive recreation areas 
and provide wildlife habitat. Vegetated roofs are 
considered self-treating areas and drainage requires 
no further treatment control.

Treatment Efficiency

Runoff Volume High Bacteria Low

TSS Medium Nutrients Low

Trash/debris Medium Heavy Metals High

Vegetated RoofsSiting and Suitability
Vegetated roofs are typically constructed on 
flat or gently sloped rooftops of a wide variety 
of shapes and sizes. Where installed on new 
construction, building structural design should 
consider the additional load of the vegetated 
roof. Where installed on existing buildings the 
structure should be evaluated by a structural 
engineer to determine suitability. Vegetated 
roofs can be implemented on a wide range of 
building types and settings and can integrate 
with other roof infrastructure such as HVAC 
components, walkways, and solar panels. See 
Section 3 for details.

Drainage Area: Varies widely from a few square 
feet to several acres. 

Head Requirements: Not applicable

Slopes: Vegetated roofs can be installed on 
roof surfaces that are flat or are sloped. 

Setbacks: Not applicable

Structural Requirements: a structural engineer 
should evaluate the structure to ensure that it 
is capable of supporting the vegetated roof.

Areas of Concern: In areas of significant wind 
loads design considerations may be necessary 
to ensure security of media or a vegetated roof 
may not be suitable.

The extensive vegetated roof on this public library features modular 
units containing lightweight media and various drought-tolerant 
vegetation.

Typical components of an extensive green roof. The cross section 
of intensive green roofs will be deeper and vary from site to site 
based on desired functions and structural capacity of the underlying 
structure.

Design Considerations & Specifications  
(see Appendix A for details)

Design Component General Specification
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1 Roof Slope Vegetated roofs may be constructed on slopes from 1% to 30%. 
Where slopes approach 30% media retention practices such as 
baffles or geo-grids should be incorporated into the design. 

2 Waterproof Liner All vegetated roof systems should incorporate a waterproof liner 
to protect the roof deck and underlying structure from leaks. 

3 Insulation 
(optional)

Insulation may be placed either above or below the waterproof 
liner to enhance the energy efficiency of the building and to 
provide additional protection of the roof deck. 

4 Root Barrier Root barrier is placed directly above the waterproof liner, or 
insulation as appropriate,  to prevent plant roots from impacting 
the integrity of the liner

5 Drainage Layer Aggregate: Minimum of 2 inches of clean washed synthetic or 
inorganic aggregate material such as no 8 stone or suitable 
alternatives. 

Manufactured: A wide range of prefabricated drainage layers 
are available which incorporate drainage and storage or rainfall. 
Minimum storage capacity should be 0.8 inches.

6 Permeable Filter 
Fabric

A semipermeable filter fabric is placed between the drainage 
layer and growth media to prevent migration of the media into 
the drainage layer.
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8 Media 
Composition

80–90% lightweight inorganic materials such as expanded 
slates, shales, or pumice.

No more than 20% organic materials with a low potential for 
leaching nutrients.
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9 Roof Drains and 
Scuppers

Setback vegetated roof media and drainage layers a minimum 
of 12 inches from all roof drains and scupper and fill these 
areas with washed no. 57 stone to a depth equal to or greater 
than the depth of the vegetated roof components.

10 Other 
Infrastructure

Setback vegetated roof 24 inches from other rooftop 
infrastructure such as vents, HVAC components, etc. Setback 
areas may be filled with washed no. 57 gravel or suitable 
alternative.

11 Access Adequate access to the roof must be provided to allow routine 
maintenance.
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environment without supplemental irrigation; see Plant List 
(Appendix E).

13 Multi-Use 
Benefits

Include features to enhance habitat, aesthetics, recreation, and 
public education as desired.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Media Inspection 2 times/year Internal erosion of media from runoff or wind 
scour, exposed underlayment components

Replace eroded media and vegetation. Adopt additional erosion prevention practices as 
appropriate.

Liner Inspection 1 time/year Liner is exposed or tenants have experienced 
leaks

Evaluate liner for cause of leaks. Repair or replace as necessary. 

Outlet Inspection 2 times/year Accumulation of litter and debris around the 
roof drain or scupper or standing water in 
adjacent areas.

Litter, leaves, and debris should be removed to reduce the risk of outlet clogging. If 
sediment has accumulated in the gravel drain buffers remove and replaces the gravel.

Vegetation 
Inspection

1 time/year Dead plants or excessive open areas on 
vegetated roof

Within the first year, 10 percent of plants can die. Survival rates increase with time.

Invasive Vegetation 2 times/year Presence of unwanted or undesirable species Remove undesired vegetation. Evaluate vegetated roof for signs of excessive water retention. 

Temporary Watering 1 time/2–3 days for 
first 1–2 months 

Until establishment and during severely-
droughty weather

Watering after the initial year might be required.

Extensive vegetated roof at Fallbrook Library, Fallbrook, CA

Extensive Vegetated Roof  
at County of San Diego Operations Center - Cross Section



Description
Sand filters are filtering IMPs that can be installed 
on the surface or subsurface. They remove 
pollutants by filtering stormwater vertically 
through a sand media and can also be designed 
for infiltration. Although they function similar to 
bioretention, sand filters lack the pollutant removal 
mechanisms provided by the biological activity and 
fine clay particles found in bioretention media.

Treatment Efficiency

Runoff Volume Low

Sediment High

Nutrients Low

Pathogens Medium

Metals Low

Oil & Grease Medium

Organics Medium

Sand Filters Siting and Suitability
Sand filters require less space than many 
LID IMPs and are typically used in areas with 
restricted space such as parking lots or other 
highly impervious areas. Sizing should be 
based on the desired water quality treatment 
volume and should take into account all runoff 
at ultimate build-out, including off-site drainage. 
The design phase should also identify where 
pretreatment will be needed. Aboveground units 
should be designed with a vegetated filter strip 
or forebay as a pretreatment element, and 
belowground units should incorporate a forebay 
sediment chamber. See Section 3 for details.

Underground Utilities: A complete utilities 
inventory should be done to ensure that site 
development will not interfere with or affect 
the utilities.

Existing Buildings: If used underground, ensure 
that the sand filter will not interfere with 
existing foundations.

Water Table and Bedrock: Sand filters are 
applicable where depth from subgrade to 
seasonal high water table, bedrock, or other 
restrictive feature is 10 ft or greater.

Soil Type: If infiltration is planned to existing 
soils, examine site compaction and soil 
character istics. Determine site-specific 
permeability. It is ideal to have well-drained 
soils. If native soils show less than 0.5 in/hr 
infiltration rate, underdrains should be included.

Areas of Concern: Sand filters, if lined, can be 
used for sites with known soil contamination 
or hot spots such as gas stations. Impermeable 
membranes must be used to contain infiltration 
within areas of concern.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Catchment 
inspection

Weekly or biweekly with routine property 
maintenance

Excessive sediment, trash, and/or debris 
accumulation on the surface of sand filter.

Permanently stabilize any exposed soil and remove any accumulated 
sediment.  Adjacent pervious areas may need to be regarded.

Inlet inspection Once after first major rain of the season, 
then every 2 to 3 months depending on 
observed sediment and debris loads

Debris or sediment has blocked inlets. Remove any accumulated material.

Sedimentation 
chamber/forebay 
inspection 

Every two months Sediment has reached 6-inches-deep (install a fixed 
vertical sediment depth marker) or litter and debris 
has clogged weirs between sedimentation chamber 
and sand filter chamber (for subsurface filters).

Remove accumulated material from sedimentation chamber. 
Remove and replace top 2 to 3 inches of sand filter if necessary.

Sand filter surface 
infiltration 
inspection

After major storm events or biannually Surface ponding draws down in greater than 
48 hours.

Remove and replace top 2 to 3 inches of sand filter, or as needed 
to restore infiltration capacity. Inspect watershed for sediment 
sources.

Outlet inspection Once after first major rain of the season, 
then monthly

Erosion or sediment deposition at outlet. Check for erosion at the outlet and remove any accumulated 
sediment.

Miscellaneous 
upkeep

12 times/year Tasks include trash collection, spot weeding, soil media 
replacement, and removal of visual contamination.

Design Considerations & Specifications  
(see Appendix A for details)

Design Component General Specification
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1 IMP Type Surface sand filters: installed in shallow depressions on surface. 
Require pretreatment by vegetated swales, filter strip, or forebay.
Subsurface sand filters: can be installed along the edges of roads 
and parking lots to conserve space. Must include a sedimentation 
chamber for pretreatment.

2 Impermeable liner If non-infiltrating (per geotechnical investigation), use clay liner, 
geomembrane liner, or concrete.

3 Lateral hydraulic 
restriction barriers

May use concrete or geomembrane to restrict lateral seepage to 
adjacent subgrades, foundations, or utilities.

4 Underdrain/
Infiltration

Underdrain required if subsoil infiltration < 0.5 in/hr. Schedule 
40 PVC pipe with perforations (slots or holes) every 6 inches. If 
design is fully infiltrating, ensure that subgrade compaction is 
minimized.

5 Cleanouts/
Observation Wells

Provide 6-inch diameter cleanout ports/observation wells for each 
underdrain pipe.

6 Internal Water 
Storage (IWS)

If using underdrain in infiltrating systems, the underdrain outlet 
can be elevated to create a sump for enhanced infiltration and 
treatment. Top of IWS should be greater than 10 inches below 
surface.

7 Temporary Ponding 
Depth

No greater than 8 feet (shallower depth should be used in 
residential areas or near schools and parks).

8 Drawdown Time Surface drawdown: 12–96 hrs.

Subsurface dewatering: 48 hrs.
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9 Soil Media Depth 1.5–4 feet (deeper for better pollutant removal, hydrologic 
benefits, and deeper rooting depths).

10 Gradation Washed concrete sand (ASTM C-33) free of fines, stones, and 
other debris.

11 Chemical Analysis Total phosphorus < 15 ppm.

12 Drainage Layer Separate soil media from underdrain with 2 to 4 inches of washed 
concrete sand (ASTM C-33), followed by 2 inches of choking stone 
(ASTM No. 8) over a 1.5 ft envelope of ASTM No. 57 stone.
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13 Inlet/ Pretreatment Provide stabilized inlets at least 12 inches wide and energy 
dissipation. Install rock armored forebay for concentrated flows, 
gravel fringe and vegetated filter strip for sheet flows to surface 
sand filters. For subsurface sand filters, a sedimentation chamber 
is provided (should be dewatered between storm events).

14 Outlet Configuration Online: All runoff is routed through system—install an elevated 
overflow structure or weir at the elevation of maximum ponding.
Offline: Only treated volume is diverted to system—install a 
diversion structure or allow bypass of high flows.

O
th

er 15 Multi-Use Benefits Provide features to enhance aesthetics and public education.

A surface sand filter intercepts and filters runoff from a parking lot. 
Underdrains discharge to the adjacent creek.

Surface Sand Filter (Rendering) 
San Carlos Recreation Center, San Diego, CA

Subsurface Sand Filter on College Campus 
NC State University, Raleigh, NC

A subsurface sand filter intercepts sheet flow from a parking lot through 
grate inlets. Runoff is pretreated in a sedimentation chamber to remove 
coarse sediment and debris, then flows through slot weirs into the sand 
filter chamber. Underdrain discharge and overflow are routed to an 
adjacent catch basin structure.



Description
Cisterns are storage vessels that can collect and store 
rooftop runoff from a downspout for later use. Sized 
according to rooftop area and desired volume, cisterns 
can be used to collect both resi dential and commercial 
building runoff. By temporarily storing the runoff, less 
runoff enters the storm water drainage system, thereby 
reducing the amount of pollutants discharged to sur
face waters. Additionally, cisterns and their smaller 
counterpart referred to as rain barrels are typically used 
in a treatment train system where collected runoff is 
slowly released into another IMP or landscaped area for 
infiltration. Because of the peakflow reduction and stor
age for potential bene ficial uses, subsequent treatment 
train IMPs can be reduced in size. Cisterns can collect 
and hold water for commercial uses, most often for 
nonpotable uses such as irrigation or toilet flushing. 

Treatment Efficiency

Runoff 
Volume

Varies based on cistern size and drawdown 
mechanisms

Water 
Quality

Water quality improvements depend on down stream 
practices—high pollutant removal can be achieved 
if paired with an infiltrating or filtering practice

Cisterns Siting and Suitability
Cisterns should be placed near a roof 
downspout, but can also be located remotely 
if a “wet conveyance” configuration is used. 
The structural capacity of soils should be 
investigated to determine whether a footer is 
needed. Cisterns are available commercially 
in numerous sizes, shapes, and materials. 
The configuration will be determined by 
available space, intended reuse strategy, and 
aesthetic preference. An overflow mechanism 
is important to prevent water from backing up 
onto rooftops—overflow should be conveyed 
in a safe direction away from building 
foundations. See Section 3 for details.

Drainage Area: Rooftop area.

Existing Buildings: Ideally, cistern overflows 
should be set away from building foundations 
at least 5 feet.

Water Table: The seasonal high water table 
should be located below the bottom of the 
cistern, particularly underground cisterns, 
to prevent buoyant forces from affecting the 
cistern.

Soil Type: Ensure that the cistern is securely 
mounted on stable soils. If structural 
capacity of the site is in question, complete 
a geotechnical report to determine the 
structural capacity of soils.

Areas of Concern: Overflow volume or outflow 
volume should not be directed to areas 
where infiltration is not desired. Such areas 
may include hot spots, where soils can be 
contaminated.

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Indicator Maintenance is Needed Maintenance Notes

Gutter and rooftop 
inspection

Biannually and before 
heavy rains

Inlet clogged with debris Clean gutters and roof of debris that have accumulated, check for leaks

Remove accumulated 
debris

Monthly Inlet clogged with debris Clean debris screen to allow unobstructed stormwater flow into the cistern

Structure inspection Biannually Cistern leaning or soils slumping/eroding Check cistern for stability, anchor system if necessary

Structure inspection Annually Leaks Check pipe, valve connections, and backflow preventers for leaks

Add ballast Before any major 
wind-related storms

Tank is less than half-full Add water to half full

Miscellaneous upkeep Annually Make sure cistern manhole is accessible, operational, and secure

Design Considerations & Specifications  
(see Appendix A for details)

Design 
Component General Specification
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1 Cistern material 
and foundation

Tanks should typically be opaque to prevent algal growth. A 
foundation of gravel should be provided if the weight of the 
cistern at capacity is less than 2000 pounds, otherwise a 
concrete foundation should be provided.

2 Conveyance 
configuration

Runoff should be conveyed to the cistern such that no backwater 
onto roofs occurs during the 100-yr event. Two types of inlet 
configurations are available:

• Dry conveyance: conduit freely drains to cistern with no water 
storage in pipe

• Wet conveyance: a bend in the conduit retains water between 
rainfall events (allows cistern to be placed further from 
buildings)

3 Inlet filter A self-cleaning inlet filter should be provided to strain out large 
debris such as leaves. Some systems incorporate built-in bypass 
mechanisms to divert high flows.

4 First flush 
diverter

A passive first flush diverter should be incorporated in areas with 
high pollutant loads to capture the first washoff of sediment, 
debris, and pollen during a rainfall event. First flush diverters are 
typically manually dewatered between events.

5 Low-flow outlet An outlet should be designed to dewater the water quality 
storage volume to a vegetated area in no less than 2 days. The 
elevation of the outlet depends on the volume of water stored for 
alternative purposes.

6 Overflow or 
bypass

Emergency overflow (set slightly below the inlet elevation) or 
bypass must be provided to route water safely out of the cistern 
when it reaches full capacity.
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7 Signage Signage indicating: “Caution: Reclaimed Water, Do Not Drink” 
(preferably in English and Spanish) must be provided anywhere 
cistern water is piped or outlets.

8 Pipe color and 
locking features

All pipes conveying harvested rainwater should be purple in color 
and be labeled as reclaimed or recycled water. All valves should 
feature locking features.

9 Routing water 
for use

Regardless of gravity or pumped flow, adequate measures must 
be taken to prevent contamination of drinking water supplies.

10 Makeup water 
supply

A makeup water supply can be provided to refill the cistern to a 
desired capacity when harvested water has a dedicated use.

11 Vector control All inlets and outlets to the cistern must be covered with a 1-mm 
or smaller mesh to prevent mosquito entry/egress.
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12 Multi-use 
benefits

Harvested rainwater should be used to offset potable water uses, 
such as irrigation, toilet flushing, car washing, etc. Additionally, 
educational signage and aesthetically-pleasing facades should 
be specified.

This diagram illustrates the major design elements of a rainwater 
harvesting system. In this configuration, detention storage is provided 
above the low flow outlet and water for reuse is stored in the lower half 
of the cistern. Note that the cistern is paired with a bioretention area to 
achieve both hydromodification and water quality control.

Typical Rainwater Harvesting Components

Smaller cisterns or rain barrels can be used to capture 
and reuse residential rooftop runoff for irrigation and 
other non-potable uses. 

Residential Cistern
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Description
Swales are shallow, open channels that are 
designed remove pollutants such as sediment 
by physically straining and filtering water through 
vegetation or cobble within the channel. Additionally, 
swales can serve as conveyance for storm water 
and can be used in place of traditional curbs and 
gutters; however, when compared to traditional 
conveyance systems the primary objective of a 
swale is filtration and water quality enhancement 
rather than conveyance. Some designs also include 
infiltration through subsurface soil media, or 
underlying soils to reduce peak runoff volume during 
storms.

Treatment Efficiency

Runoff Volume Low Bacteria Low

Sediment High Nutrients Low

Trash/debris High Heavy Metals Medium

Organics Medium Oil & Grease Medium

Vegetated Swales Siting and Suitability
Site evaluation must first determine the 
volume of water to be conveyed through the 
swale. To accommodate the volume, design 
considerations must incorporate three 
components: the longitudinal slope, resistance 
to flow, and cross-sectional area. Incorporating 
vegetated filter strips along the top of the 
channel banks and using sheet flow for entry 
can enhance treatment in swales. Avoid slopes 
and soil conditions that limit infiltration as they 
could lead to excessive ponding. See Section 3 
for details.

Drainage Area: Less than 2 acres.

Available Space: The footprint of swales 
is dependent on drainage area, typically 
sized as 10 to 20 percent of the upstream 
drainage. If space allows, pretreatment can be 
incorporated into design.

Underground Utilities: A complete utilities 
inventory should be done to ensure that site 
development will not interfere with or affect 
utilities.

Existing Buildings: Assess building effects 
(runoff, solar shadow) on the site. Swales must 
be setback from building foundations at least 
10 feet.

Water Table: Swales are applicable where 
depth to water table is more than 2 feet to 
limit the potential of undesired ponding.

Soil Type: Examine site compaction and 
soil characteristics. Determine site-specific 
permeability; it is ideal to have well-drained 
soils for volume reduction and treatment in 
swales.

Areas of Concern: Swales should not be used 
to receive storm water runoff from storm water 
hot spots, unless adequate pretreatment is 
provided upstream.

Design Considerations & Specifications  
(see Appendix A for details)

Design 
Component General Specification
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1 Footprint and 
flowpath

Determine allowable swale dimensions per site 
constraints. Maximize flow path to optimize 
treatment.

2 Swale 
bottom width

2 ft to 8 ft width. If wider than 8 ft, channel 
dividers may be necessary to prevent 
meandering and low-flow channel formation.

3 Flow depth Water quality flow: flow depth during the water 
quality treatment event should not exceed two-
thirds the height of the vegetation for optimum 
treatment.

100-yr flow: flow depth should be fully 
contained within the swale so as not to flood 
adjacent property or infrastructure.

4 Longitudinal 
slope

1% to 6% overall slope (1% to 2% optimum). 
Slopes greater than 2.5% should incorporate 
grade control (see below). Slopes flatter than 
0.5% may result in nuisance ponding. Flow 
should not exceed 3 feet/second in grassed 
swales.

5 Side slopes 3:1 (H:V) or flatter to prevent bank erosion.
IM

P
 D

es
ig

n 
Fe

at
ur

es
6 Channel 

dividers
If bottom width exceeds 8 ft, channel dividers 
may be necessary to prevent meandering and 
low-flow channel formation.

7 Grade and 
erosion 
control

Grade control provided by 6–18 inch check 
dams to maintain < 2.5% longitudinal invert 
slope. For particularly flashy catchments, 
turf reinforcement mats may be necessary to 
prevent erosion.

8 Pretreatment Where practicable provide vegetated filter 
strip (sheet flow) or cobble energy dissipater 
(concentrated flow) for pretreatment.

9 Soil 
amendments

Soils can be amended with organic matter 
or bioretention media to improve volume 
reduction.

10 Vegetation Turf grasses (not bunch grasses) should be 
maintained on the surface to prevent erosion 
and improve treatment. 

Maintenance Considerations (see Appendix D for detailed checklist)
Task Frequency Maintenance Notes

Inlet Inspection Twice annually Check for sediment accumulation and erosion within the swale.

Mowing 2–12 times per year Frequency depends upon location and desired aesthetic appeal.

Watering 1 time per 2–3 days for first 
1–2 months; sporadically after 
establishment

If drought conditions exist, watering after the initial year may be required.

Fertilization 1 time initially One time spot fertilization for “first year” vegetation.

Remove and replace dead 
plants

1 time per year Within first year 10 percent of plants may die. Survival rates increase with time.

Check dams One prior to the wet season and 
monthly during the wet season

Check for sediment accumulation and erosion around or underneath the dam 
materials.

Miscellaneous upkeep 12 times per year Tasks include trash collection and spot weeding.

This schematic labels the typical design components of swales.

Vegetated Swale Cross Section

A vegetated swale conveys and treats runoff from a public park. Proper design, 
maintenance of dense vegetation, and accurate fine grading ensure optimum 
treatment and minimize the risks of erosion or standing water.

Vegetated Swale at Public Park, San Diego County, CA
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SUSMP VERIFICATION 
The following inspection and maintenance forms can be substituted for the self-verification forms in the 
San Diego County SUSMP (2012), which are available from: 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_appendix_f.pdf 

These are general maintenance checklists. Please refer to the project-specific Storm Water Management 
Plan (SWMP) for specific design elements for each IMP. These maintenance checklists can be modified 
to incorporate specific maintenance requirements based on the project specific IMP design.  

Ensure that no illegal discharges occur when maintenance activities are being conducted. For example, 
collect sediment laden discharge and debris if flushing an underdrain system or cleaning rock infiltration 
swales, etc. Leaves and debris should not be disposed of in the adjacent catch basin or receiving water. 

If mosquitoes are present or larvae observed in standing water please call the County Vector Control at 
(858) 694-2888. All IMPs should be designed to dewater in 96 hours. 

All IMPs identified in the project SWMP should be reported annually to the County of San Diego. For 
more information please call (858) 495-5318 or e-mail watersheds@sdcounty.ca.gov. 

 

http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_appendix_f.pdf
mailto:watersheds@sdcounty.ca.gov
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Inspection and Maintenance  
Checklist 

BIORETENTION 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water Water stands in the bioretention area 

between storms and does not drain within 
24 hours after rainfall. 

  There should be no areas of standing water once 
inflow has ceased. Any of the following could apply: 
sediment or trash blockages removed, grade from 
head to foot of bioretention area improved, media 
surface scarified, underdrains flushed in manner that 
does not cause an illegal discharge. 

2. Trash and debris  Trash and debris accumulated in the 
bioretention area and around the inlet and 
outlet. 

  Trash and debris removed from the bioretention area 
and disposed of properly. 

3. Sediment Evidence of accumulated sediment in the 
bioretention area. 

  Material removed so that there is no clogging or 
blockage. Material is disposed of properly. 

4. Erosion Channels have formed around inlets, there 
are areas of bare soil, or there is other 
evidence of erosion. 

  Obstructions and sediment removed so that water 
flows freely and disperses over a wide area. 
Obstructions and sediment are disposed of properly. 

5. Vegetation Vegetation is dead, diseased or overgrown.   Vegetation is healthy and attractive. Grass is 
maintained at least 3 inches in height. 

6. Mulch Mulch is missing or patchy. Areas of bare 
earth are exposed or mulch layer is less 
than 3 inches deep. 

  All bare earth is covered, except mulch is kept 
6 inches away from trunks of trees and shrubs. 
Mulch is even at a depth of 3 inches. 

7. Inlet/outlet Sediment accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

8. Miscellaneous Any condition not covered above that 
needs attention for the bioretention area to 
function as designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

BIORETENTION SWALE 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water Water stands in the bioretention swale 

between storms and does not drain within 
24 hours after rainfall. 

  There should be no areas of standing water once 
inflow has ceased. Any of the following could apply: 
sediment or trash blockages removed, grade from 
head to foot of bioretention area improved, media 
surface scarified, underdrains flushed in manner that 
does not cause an illegal discharge. 

2. Trash and debris  Trash and debris accumulated in the 
bioretention swale and around the inlet and 
outlet. 

  Trash and debris removed from the bioretention 
swale and disposed of properly. 

3. Sediment  Evidence of accumulated sediment in the 
bioretention swale. 

  Material removed so that there is no clogging or 
blockage. Material is disposed of properly. 

4. Erosion Channels have formed around inlets, there 
are areas of bare soil, or there is other 
evidence of erosion. 

  Obstructions and sediment removed so that water 
flows freely and disperses throughout the 
bioretention swale. Obstructions and sediment are 
disposed of properly. 

5. Vegetation Vegetation is dead, diseased, or overgrown.   Vegetation is healthy and attractive. Grass is 
maintained at least 3 inches in height. 

6. Mulch (if used) Mulch is missing or patchy. Areas of bare 
earth are exposed or mulch layer is less 
than 3 inches deep. 

  All bare earth is covered, except mulch is kept 
6 inches away from trunks of trees and shrubs. 
Mulch is even at a depth of 3 inches. 

7. Inlet/outlet Sediment or debris accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

8. Miscellaneous Any condition not covered above that needs 
attention for the bioretention swale to 
function as designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

PERMEABLE PAVEMENT 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water When water stands on the surface of the 

permeable pavement and 48 hours has 
passed since the last rainfall. 

  There should be no areas of ponded/standing water 
more than 48 hours after a rain event. Any of the 
following can apply: surface swept or vacuumed, 
underdrains added, underdrains flushed in manner 
that does not cause an illegal discharge. 

2. Trash and debris  Leaves, grass clippings, trash, etc., are 
preventing water from draining into the 
permeable pavement and are unsightly. 

  Area is free of all debris and the permeable 
pavement is draining properly. 

3. Vegetation Vegetation around the perimeter of the 
permeable pavement is dead, diseased, or 
overgrown. 

  Area adjacent to pavement is well-maintained and 
no bare/exposed areas exist; grass is maintained at 
a height of 3–6 inches. 

 Weeds are growing on the surface of the 
permeable pavement. 

  No weeds present in the pavement area. 

4. Deteriorating surface The pavement is cracked; paver blocks are 
misaligned or have settled. 

  The surface area is stabilized, exhibiting no signs of 
cracks or uneven areas in the pavement area. 

5. Miscellaneous Any condition not covered above that needs 
attention for the permeable pavement area 
to function as designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

ROCK INFILTRATION 
TRENCH 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water When water stands in the infiltration trench 

between storms and does not drain within 
24 hours after rainfall. 

  There should be no areas of standing water once 
inflow has ceased. Any of the following can apply: 
sediment or trash blockages removed, grade 
improved, media surface scarified, underdrains 
flushed in manner that does not cause an illegal 
discharge. 

2. Trash and debris Trash and debris accumulated in the 
infiltration trench and around the inlet and 
outlet. 

  Trash and debris removed and disposed of properly. 

3. Sediment Evidence of accumulated sediment in the 
infiltration trench. 

  Material removed so that there is no clogging or 
blockage. Material is disposed of properly. 

4. Erosion Channels have formed around inlets, there 
are areas of bare soil, or there is other 
evidence of erosion. 

  Obstructions and sediment removed so that water 
flows freely and disperses throughout the infiltration 
trench. Obstructions and sediment are disposed of 
properly. 

5. Inlet/outlet Sediment or debris accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

6. Surface materials Material is missing or patchy; areas of bare 
earth are exposed. 

  All bare earth is covered, except mulch is kept 
6 inches away from trunks of trees and shrubs. 
Mulch is even at a depth of 3 inches. 

7. Miscellaneous Any condition not covered above that needs 
attention for the infiltration trench to function 
as designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

FLOW THROUGH PLANTER 
BOX 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water When water stands in the planter box 

between storms and does not drain within 
24 hours after rainfall. 

  There should be no areas of standing water after 
inflow has ceased. Any of the following could apply: 
sediment or trash blockages removed, mulch 
replaced, soil media surface scarified, underdrains 
flushed in manner that does not cause an illegal 
discharge. 

2. Trash and debris  Trash and debris accumulated in the planter 
box and around the inlet and outlet. 

  Trash and debris removed and disposed of properly. 

3. Sediment Evidence of accumulated sediment in the 
planter box. 

  Material removed so that there is no clogging or 
blockage. Material is disposed of properly. 

4. Erosion Channels have formed around inlets, there 
are areas of bare soil, or there is other 
evidence of erosion. 

  Obstructions and sediment removed so that water 
flows freely and disperses over a wide area. 
Obstructions and sediment are disposed of properly. 

5. Vegetation Vegetation is dead, diseased, or overgrown.   Vegetation is healthy and attractive. Grass 
maintained at least 3 inches in height. 

6. Mulch Mulch is missing or patchy; areas of bare 
earth are exposed, or mulch layer is less 
than 3 inches deep. 

  All bare earth is covered, except mulch is kept 
6 inches away from trunks of trees and shrubs. 
Mulch is even at a depth of 3 inches. 

7. Inlet/outlet Sediment or debris accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

8. Affected impervious 
areas or structures 

Obvious effects on surrounding impervious 
areas or structures. 

  Hydraulic restriction layers prevent impacts from 
infiltration to surrounding structures. 

9. Miscellaneous Any condition not covered above that needs 
attention for the planter box to function as 
designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

VEGETATED (GREEN) ROOF 

Permit no. ___________________________________________________________  
BMP location _________________________________________________________  
Responsible party _____________________________________________________  
Phone number ( ____ ) __________________  Email _________________________  
Responsible party address ______________________________________________  
Date of inspection _____________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water Roof drainage system is clogged.   There should be no areas of standing water on the 

green roof. The drainage system is inspected for 
clogging conditions and repaired or replaced as 
needed. 

2. Erosion Areas of scoured media or bare roof.   Green roof media stays in place and does not 
migrate across or erode from roof surface. Eroded 
media replaced and re-vegetated. If problem is 
recurrent, consider media more resistant to wind 
erosion or installing media retention components. 

3. Vegetation Vegetation is dead, missing, incorrect or unwanted.   Areas of missing vegetation replanted. Plant 
species are appropriate to conditions and drainage 
system is functioning properly. If problem is 
recurrent, consider irrigation during establishment 
or use alternative species. Unwanted vegetation 
removed and replaced with appropriate species. 
Evaluate growing conditions for cause of invasive 
vegetation. 

4. Leaking roof Roof liner has failed.   Evaluate liner for cause of leaks. Repair or replace 
as necessary. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

SAND FILTER 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water When water stands over the sand filter 

media between storms and does not drain 
within 24 hours after rainfall. 

  There should be no areas of standing water after 
inflow has ceased. Any of the following could apply: 
sediment or trash blockages removed, filter media 
surface scarified, media replaced underdrains 
flushed in manner that does not cause an illegal 
discharge. 

2. Trash and debris  Trash and debris accumulated in the sand 
filter and around the inlet and outlet. 

  Trash and debris removed from filter and disposed 
of properly. 

3. Sediment Evidence of accumulated sediment in the 
sand filter. 

  Material removed so that there is no clogging or 
blockage. Material is disposed of properly. 

4. Erosion Channels have formed around inlets, there 
are areas of bare soil, or there is other 
evidence of erosion. 

  Obstructions and sediment removed so that water 
flows freely and disperses throughout the sand filter 
media. Obstructions and sediment are disposed of 
properly. 

5. Inlet/outlet Sediment or debris accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

6. Miscellaneous Any condition not covered above that 
needs attention for the sand filter to 
function as designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 
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Inspection and Maintenance  
Checklist 

CISTERN 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Low flow Gutters are full of debris and overflowing.   Gutters should be clear and free-flowing when 

gutters are cleaned and gutter guards or screens are 
installed. 

2. Inlet Filters are clogged or full.   Filters are clean and free of trash and debris. 
3. First flush diverter First flush filter is full or clogged causing 

permanent flow to the cistern. 
  First flush is diverted away from the cistern when the 

first flush diverter valve is removed and cleaned. 
4. Cistern does not 

drain within 48 hours 
Outlet is clogged.   Cistern completely drains in less than 48 hours. 

5. Cistern drains in less 
than 24 hours 

Cistern leaks or outlet allows excessive 
flows. 

  Cistern drains in 24 to 48 hours. 

6. Miscellaneous Any condition not covered above that 
needs attention for the cistern to function as 
designed. 

  The design specifications are met. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records).  
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Inspection and Maintenance  
Checklist 

VEGETATED SWALE 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Standing water When water stands in the swale between 

storms and does not drain freely. 
  There should be no areas of standing water after 

inflow has ceased. Outlet structures and underdrain 
(if installed) should drain freely. 

2. Trash and debris  Trash and debris that exceeds 5 cubic feet 
per 1,000 square feet (one standard 
garbage can). 

  Trash and debris are removed from the swale. 

3. Visual contaminants 
and pollution 

Visual evidence of oil, gasoline, 
contaminants, or other pollutants. 

  No visual evidence of contaminants or pollutants 
present. 

4. Sediment Sediment depth exceeds 2 inches or covers 
vegetation. 

  Sediment deposits removed without significant 
disturbance of the vegetation. Swale is level from 
side to side and drains freely toward outlet.  

5. Erosion Eroded or scoured areas due to flow 
channelization or high flows. 

  No erosion or scouring in swale bottom. For ruts or 
bare areas less than 12 inches wide, damaged 
areas repaired by filling with crushed gravel. Over 
time the grass will start to cover the rock. 

6. Vegetation Grass is sparse or bare or eroded patches 
occur in more than 10% of the swale 
bottom. 

  Vegetation coverage is in more than 90% of the 
swale bottom. Poorly vegetated areas of the swale 
bottom are re-planted with plugs of grass from the 
upper slope and reseeded in locations where plugs 
were taken. Plugs are planted in the swale bottom 
with no gaps, or reseeded into loosened, fertile soil. 
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Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
 Grass is excessively tall (greater than 10 

inches) or nuisance weeds and other 
vegetation start to take over. 

  Vegetation trimmed or mowed, and nuisance 
vegetation removed so that flow is not impeded. 
Vegetation/grass maintained at a height of 4–6 
inches (depending on landscape requirements). 
Grass clippings removed. 

 Vegetation growth is poor because sunlight 
does not reach swale. 

  Overhanging limbs and brushy vegetation on side 
slopes are trimmed back. 

7. Inlet/outlet Sediment or debris accumulations.   Inlet/outlet is clear of sediment and debris and 
allows water to flow freely. 

8. Flow spreader Flow spreader uneven or clogged so that 
flows are not uniformly distributed through 
entire swale width. 

  Spreader leveled and cleaned such that flows are 
distributed evenly over the entire swale width.  

9. Low-flow channel 
overflow 

Nuisance flows are ponding, swale is 
continually wet. 

  Low-flow channel media is renewed to adequately 
convey nuisance flows. 

10. Constant baseflow When small quantities of water continually 
flow through the swale, even when it has 
been dry for weeks, and an eroded muddy 
channel has formed in the swale bottom. 

  A low-flow pea gravel drain can be added to the 
length of the swale or an underdrain can be installed 
to prevent an eroded or muddy channel.  

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records).  
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Inspection and Maintenance  
Checklist 

VEGETATED FILTER STRIP 

Permit no. ________________________________________________________________  
BMP location ______________________________________________________________  
Responsible party __________________________________________________________  
Phone number ( ____ ) __________________  Email ______________________________  
Responsible party address ___________________________________________________  
Date of inspection __________________________________________________________  

     

Defect 
Conditions when  

maintenance is needed 
Maintenance 

needed? 
Date and description of 

maintenance conducteda 
Results expected when  

maintenance is performed 
1. Sediment  Sediment depth exceeds 2 inches or covers 

vegetation. 
  Sediment deposits removed and surface re-leveled 

to maintain sheet flow over the filter strip. 
2. Erosion Eroded or scoured areas due to flow 

channelization or high flows. 
  No erosion or scouring evident. For ruts or bare 

areas less than 12 inches wide, damaged areas 
repaired by filling with crushed gravel. Over time the 
grass will start to cover the rock. 

3. Trash and debris  Trash and debris accumulated on the filter 
strip. 

  Trash and debris removed from filter strip and flow 
spreading devices. 

4. Visual contaminants 
and pollution 

Any visual evidence of oil, gasoline 
contaminants, or other pollutants. 

  No visual contaminants or pollutants present. 

5. Vegetation When grass becomes excessively tall 
(greater than 10 inches). 

  Grass mowed to a height of 2–5 inches and 
clippings removed. 

 Evidence of nuisance weeds and other 
unwanted vegetation. 

  Nuisance vegetation controlled such that flow is not 
impeded using Integrated Pest Management (IPM) 
techniques if applicable. For more information, see 
http://www.ipm.ucdavis.edu. 

 Vegetation seems crowded or overgrown.   Minor vegetation removal and thinning. Mowing 
berms and surroundings. Facility looks well kept. 

6. Flow spreader Flow spreader uneven or clogged so that 
flows are not uniformly distributed through 
the entire filter width. 

  No visual contaminants or pollutants present. 

a. Attach copies of available supporting documents (photographs, copies of maintenance contracts, and/or maintenance records). 

http://www.ipm.ucdavis.edu/


COUNTY OF SAN DIEGO LOW IMPACT DEVELOPMENT HANDBOOK  PAGE E-I 

E APPENDIX E. PLANT PALETTE 
(ADAPTED FROM THE CITY OF SAN DIEGO LID 
DESIGN MANUAL) 
The following Plant List was developed to aid in the selection of plant material for IMPs. Plants listed 
below for ‘Landscape Position 1’ are mostly documented in literature, or by vendors, as capable of 
withstanding brief seasonal flooding. Due to the wide range of species that thrive in San Diego, the 
designer may have knowledge of additional species that will function well in specific BMPs.  In using 
this plant list as a starting point for selection of plant material, the designer should also consider the 
requirements of the individual site and its microclimatic conditions before making final plant selections. 
Only native non-invasive species will be planted in Multi-Habitat Planning Areas (MHPAs), or in areas 
designated as natural open space. 
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Acer negundo californicum4,5 California Box Elder5 SD 1 60'x60' M-H SU, PS D A2-3; 1-10, 12-24 

Alnus rhombifolia4,5 White Alder5 SD 1 50-90' x 40' H SU, PS, SH D Y 1b-10, 14-21 

Cercis occidentalis4 Western Redbud SD 1 10-18' x 10-18' M SU, PS D 2-24 

Chilopsis linearis4 Desert Willow SD 1 15-30' x 10-20' L-M SU D 3b, 7-14, 18-23 

Gleditsia triacanthos var. internis Thornless Honeylocust X 1 35-70'x 25-35' M-H SU D 1-16, 18-20 

Ilex vomitoria Yaupon Holly X 1 15-20' x 10-15' H SU, PS E 4-9, 11-24 

Juglans californica Southern California Black 
Walnut SD 1 15-30’ x 15-30’ N-L SU D 18-24 

Liquidambar styraciflua5 Sweet Gum5 X 1 60' x 20-25' M-H SU D 3-9, 14-24 

Magnolia grandiflora5 Southern Magnolia5 X 1 80' x 60' H SU, PS E Y 4-12, 14-24, H1-2 

Metasequoia glyptostroboides5 Dawn Redwood5 X 1 90' x 20' H SU D A3, 3-10, 14-24 

Myrica californica Pacific Wax Myrtle CA 1 10-30 x 10-30' M SU E Y 4-9, 14-24 

Olneya tesota Desert Ironwood SD 2 15-30' x 15-30' N-M SU E 8,9,11-14, 18-23 



P
AGE-2 

A
PPEN

D
IX E. P

LAN
T P

ALETTE 

Trees Sa
n 

D
ie

go
 C

o.
 N

at
iv

e 
- S

D
 

C
al

ifo
rn

ia
 N

at
iv

e 
- C

A
 

N
on

-N
at

iv
e 

- X
 

La
nd

sc
ap

e 
Po

si
tio

n:
 

1 
- L

ow
1 ,  

 2
 - 

M
id

2 ,   
3 

- H
ig

h3  

 M
at

ur
e 

Si
ze

  
(h

ei
gh

t x
 w

id
th

) 

Irr
ig

at
io

n 
D

em
an

ds
:  

H
ig

h 
- H

  ▪
  M

od
er

at
e 

- M
  

Lo
w

 - 
L 

 ▪ 
  R

ai
nf

al
l O

nl
y 

- N
 

Li
gh

t R
eq

ui
re

m
en

ts
 

Su
n 

- S
U

  ▪
  S

ha
de

 - 
SH

 
Pa

rt
 S

ha
de

 - 
PS

  

Se
as

on
  

Ev
er

gr
ee

n 
- E

, D
ec

id
uo

us
 - 

D
 

Se
m

i-E
ve

rg
re

en
 - 

SE
 

C
oa

st
al

 E
xp

os
ur

e?
 

Ye
s 

- Y
 

Su
ns

et
 Z

on
es

 
C

ity
 o

f S
an

 D
ie

go
 z

on
es

: 
21

, 2
3 

an
d 

24
 

Platanus acerifolia London Plane Tree X 1 40-80’ x 30-40’ M-H SU D 2-24 

Platanus racemosa4,5 California Sycamore5 SD 1 30-80' x 20-50' M-H SU D Y 4-24 

Populus fremonti 4,5 Western Cottonwood5 SD 1 40-60' x 30' H SU D 1-12, 14-21 

Quercus agrifolia4,5 Coast Live Oak5 SD 1 20-70' x 20-70' N-L SU E Y 7-9, 14-24 

Quercus engelmannii*5 Engelmann Oak5 SD 2 40-50' x 70' N-L SU E 7-9, 14-24 

* Species not recommended for areas of coastal influence.  Better suited to locations east of I-15 (north Hwy. 52) and areas east of Hwy 125 (south of Hwy. 52).

Salix gooddingii4,5 Western Black Willow5 SD 1 20-40'x20-30' H SU D - 

Sambucus mexicana4,5 Mexican Elderberry5 SD 1 10-30' x 8-20' M-H SU, PS SE 2-24, H1 

Taxodium spp. 5 Cypress5 X 1 50-70' x 15-30' L-H SU D 2-10, 12-24 

Umbellularia californica5 California Bay5 CA 1 20-25' x 20-25' L-H SU, PS, SH E Y 4-9, 14-24 

Washingtonia filifera4,5 California Fan Palm5 SD 1 60' x 20' L-M SU E 8,9,10,11-24,H1-2 
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Baccharis pilularis 'Pigeon Pt.’ Dwarf Coyote Bush CA 3 1-2' x 6' L-M SU E Y 5-11, 14-24 

Baccharis salicifolia4 Mulefat SD 1 4-10'x8' M-H SU, PS, SH SE - 

Carpenteria californica Bush Anemone CA 1 4-6' x 4-6" L-M SU, PS E 5-9, 14-24 

Frangula californica 
'Little Sur' 

Dwarf California 
Coffeeberry SD 2 3-4' x 3' N-M SU, PS E Y 4-9, 14-24, H1, H2 

Heteromeles arbutifolia Toyon SD 3 6-10' x 6-10' M SU, PS E Y 5-9, 14-24 

Mahonia repens Creeping Oregon Grape CA 3 1' x 3' N-L SU, PS E 2B-9, 14-24 

Philadelphus lewisii Wild Mock Orange CA 2 4-10' x 4-10' M-H SU, PS E 1-10, 14-24 

Rosa californica4 California Rose SD 1 3-6' x 6' M-H SU, PS, SH SE Y - 

Ruellia peninsularis Desert Ruellia X 3 4' x 6' N-M SU, PS E 12-13, 21-24 

Russelia equisetiformis Coral Fountain X 2 5' x 5' M-H SU, PS E 14, 19-24, H1, H2 

Russelia x St. Elmo's Fire Red Coral Fountain X 2 4' x 6-8' M-H SU, PS E - 

Styrax officinalis Snowdrop Bush SD 2 6-8' x 5' H SU, PS D 4-9, 14-21 

Symphoricarpos mollis Southern California 
Snowberry SD 2 1-3'x3' L-M PS D Y 2-10, 14-24 



P
AGE-4 

A
PPEN

D
IX E. P

LAN
T P

ALETTE 

Perennials Sa
n 

D
ie

go
 C

o.
 N

at
iv

e 
- S

D
 

C
al

ifo
rn

ia
 N

at
iv

e 
- C

A
 

N
on

-N
at

iv
e 

- X
 

La
nd

sc
ap

e 
Po

si
tio

n:
 

1 
- L

ow
1 ,  

 2
 - 

M
id

2 ,   
3 

- H
ig

h3  

 M
at

ur
e 

Si
ze

  
(h

ei
gh

t x
 w

id
th

) 

Irr
ig

at
io

n 
D

em
an

ds
:  

H
ig

h 
- H

  ▪
  M

od
er

at
e 

- M
  

Lo
w

 - 
L 

 ▪ 
  R

ai
nf

al
l O

nl
y 

- N
 

Li
gh

t R
eq

ui
re

m
en

ts
 

Su
n 

- S
U

  ▪
  S

ha
de

 - 
SH

 
Pa

rt
 S

ha
de

 - 
PS

  

Se
as

on
  

Ev
er

gr
ee

n 
- E

, D
ec

id
uo

us
 - 

D
 

Se
m

i-E
ve

rg
re

en
 - 

SE
 

C
oa

st
al

 E
xp

os
ur

e?
 

Ye
s 

- Y
 

Su
ns

et
 Z

on
es

 
C

ity
 o

f S
an

 D
ie

go
 z

on
es

: 
21

, 2
3 

an
d 

24
 

Achillea millefolium4 Common Yarrow SD 1 3' x 2' L-M SU SE Y A1-A3, 1-24 

Anemopsis californica4 Yerba Mansa SD 1 1'x2-4' H SU, PS, SH D - 

Aquilegia formosa Western Columbine SD 2 1-3' x 1.5' H SU, PS SE A1-3, 1-11, 14-24 

Artemisia palmeri4 San Diego Sagewort SD 2 2-3'x3' H SU, PS SE Y - 

Asarum caudatum Wild Ginger CA 2 1' x 3' H SH E 4-6, 14-24 

Epilobium californica4 California Fuscia CA 1 1-2'x3-5' L-M SU SE 2-11, 14-24 

Fragaria chiloensis4 Beach Strawberry CA 1 4-8" x 
spreading H SU, PS E Y 4-24 

Iris douglasiana Pacific Coast Iris CA 1 2' x 2' M SU, PS E Y 4-9, 14-24 

Iris missouriensis Western Blue Flag Iris SD 1 2' x 2' M-H SU, PS D 1-10, 14-24 

Iva hayesiana4 San Diego Marsh Elder SD 2 1' x 5' N SU, PS SE Y 17, 23-24 

Jaumea carnosa Jaumea SD 1 <1' x spreading H SU E - 

Limonium californicum California Sea Lavender SD 1 1-1.5’ x  < 3’ 
spreading M-H SU, PS SE Y - 

Lobelia cardinalis Cardinal Flower SD 1 2-4’ x 1’ M-H SU, PS, SH E 1-7, 14-17 

Lobelia dunnii Dunn’s Lobelia SD 2 1-1.5’ x 1.5-3’ M-H SU, PS E Y - 
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Mimulus cardinalis Scarlet Monkey Flower SD 1 2.5’ x 2.5’ M-H SU, PS, SH D 2-24 

Polystichum munitum Western Sword Fern CA 2 2-4' x 2-4' H SH E Y A3, 2-9, 14-24 

Potentilla glandulosa Sticky Cinquefoil SD 1 2' x 3' M-H SU, PS, SH E Y - 

Ribes viburnifolium Evergreen Currant SD 3 3-6' x 12' N-M SU, PS E Y 5,7-9,14-17, 19-24 

Salicornia pacifica 
(or virginica)4 Pickleweed SD 1 1-2' x 

spreading H SU SE Y - 

Salvia uliginosa Bog Sage X 2 4-6' x 3-4' M-H SU E 6-9, 14-24 

Satureja douglasii Yerba Buena CA 2 <1' x 3' H PS E 4-9, 14-24 

Satureja mimuloides Monkeyflower Savory CA 1 1-3' x 1-3' M-H SU, PS D - 

Sisyrinchium bellum4 Blue-eyed Grass SD 2 6-18” x 6-18” M-H SU, PS E Y 2-9, 14-24 

Trifolium wormskioldii Coast Clover SD 1 2' x spreading H SU D - 
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Salicornia pacifica 
(or virginica)4 Pickleweed SD 1 1-2' x 

spreading H SU SE Y - 

Salvia uliginosa Bog Sage X 2 4-6' x 3-4' M-H SU E 6-9, 14-24 

Satureja douglasii Yerba Buena CA 2 <1' x 3' H PS E 4-9, 14-24 

Satureja mimuloides Monkeyflower Savory CA 1 1-3' x 1-3' M-H SU, PS D - 

Sisyrinchium bellum4 Blue-eyed Grass SD 2 6-18” x 6-18” M-H SU, PS E Y 2-9, 14-24 

Trifolium wormskioldii Coast Clover SD 1 2' x spreading H SU D - 
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Bouteloua gracilis Blue Grama CA 2 1-2' x 1' L SU D 1-3, 7-11,14,18-21 

Buchloe dactyloides 
'UC Verde' ‘UC Verde' Buffalograss X 1 6-8" x spreading L-H SU D - 

Carex praegracilis California Field Sedge SD 1 1'-2’ x spreading M-H SU, PS E Y - 

Carex pansa California Meadow Sedge CA 1 6-8” x spreading M-H SU, PS SE Y 7-9, 11-24 

Carex spissa4 San Diego Sedge SD 1 5' x 5' H SU, PS SE Y 7-9, 14-17, 19-24 

Carex subfusca Rusty Sedge SD 1 6-8” x spreading M SU, PS, SH SE 7-9, 11-24 

Chondropetalum tectorum Small Cape Rush X 1 3-4' x 3-4' M-H SU, PS E Y 8-9, 14-24 

Distichlis spicata4 Salt Grass SD 1 1' x 3' M-H SU, PS D Y - 

Eleocharis macrostachya4 Common Spike Rush SD 1 1-3' x 2' H SU, PS E Y - 

Equisetum hyemale 
ssp. affine Horsetail Reed SD 1 4' x spreading H SU, PS E 1-24 

Festuca californica California Fescue CA 1 2-3' x 1-2' M-H SU, PS E Y 4-9, 14-24 

Festuca rubra ‘Molate’ Molate Red Fescue CA 1 1-2' x spreading H SU, PS E A2-3, 1-10, 14-24 

Juncus effusus Soft Rush SD 1 2.5' x 2.5 M-H SU, PS E 1-24, H1 

Juncus mexicanus4 Mexican Rush SD 1 2' x 2' M-H SU, PS E - 

Juncus patens4 California Gray Rush CA 1 2' x 2' L-H SU, PS E 4-9, 14-24 
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Leymus triticoides Creeping Wildrye CA 1 1.5’-4.5’ L-M SU, PS E Y - 

Muhlenbergia rigens4 Deer Grass SD 1 2-4' x 3-4' L SU E 4-24 

Nassella pulchra Purple Needlegrass CA 2 3’ x 2’ N-L SU D 5-9, 11, 14-24 

Schoenoplectus 
californicus4 California Bulrush SD 1 10' x 

spreading H SU, PS, SH E - 

Sporobolus airoides Alkali Dropseed CA 1 3' x 3' L-M SU D 1-24 

Zephyranthes candida Rain Lily X 1 12"x12" H SU, PS E 4-9, 12-24, H1, H2 
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Limnanthes douglasii Meadowfoam CA 1 6-12" x 6-12" H SU - 1-9, 14-24 

Limnanthes gracilis ssp. 
Parishii Parish Meadowfoam SD 2 6-12" x 6-12" H SU - - 

Lupinus succulentus4 Arroyo Lupine SD 2 3'x3' M-H SU - 7-24 

Oenothera elata4 Yellow Evening 
Primrose SD 1 2-3' x 2-3' L-H SU, PS E 5-7, 14-24 

Pluchea odorata4 Salt Marsh Fleabane SD 1 2-3' x 1-2' H SU, PS SE - 

Vines 

Vitis californica California Grape SD 1 30' N-L SU, PS D 4-24 
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E.1 FOOTNOTES 
1. Landscape Position 1 (Low): These areas are the base or lowest point of the BMP and experience

seasonal flooding. Seasonal flooding for bioretention areas is typically 9" deep, for up to 24 hours
(the design infiltration period for a bioretention area). If parts of the bioretention area are to be
inundated for longer durations or greater depth the designer should develop a plant palette with longer
term flooding in mind. Several of the species listed as tolerant of seasonal flooding may be
appropriate, but the acceptability of each species considered should be researched and evaluated on a
case-by-case basis.

2. Landscape Position 2 (Mid): These areas are typically along the side slopes of the BMP and may be
low but are not expected to flood. However, they are likely to have saturated soils for extended
periods of time.

3. Landscape Position 3 (High): These areas are generally on well-drained slopes adjacent to stormwater
BMPs. These areas will not be inundated and will typically dry out quickly after the storm event.

4. Bolded species have been observed within the City of San Diego staff and are known to be
suitable for the recommended landscape position.

5. Species not acceptable in the public right-of-way.  These species have been observed not to be well-
suited for street trees or right-of-way  due to reasons such as; large size, high pruning requirements,
root damage to sidewalk, etc.
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E.2 GENERAL NOTES 
1. The Landscape Position is the lowest area recommended for each species. Plants in areas 1 and 2 may 

also be appropriate for higher locations. 

2. When specifying plants, availability should be confirmed by local nurseries. Some species may need 
to be contract-grown and it may be necessary for the contractor to contact the nursery well in advance 
of planting as some species may not be available on short notice. 

3.  Sunset zones are zones designed to indicate ideal climates for growing plant species dependent on 
each climate’s timing and duration of precipitation, length of growing season, temperature minimums 
and maximums, wind speed, and humidity. The City of San Diego includes sunset zones 21, 23, and 
24. Zone 21 is defined as “thermal belts in Southern California’s areas of occasional ocean 
influence”, Zone 23 is defined as “thermal belts of Southern California’s coastal climate”, and Zone 
24 is defined as “Marine influence along the Southern California coast.” (Sunset Publishing 
Corporation 2013) 
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F APPENDIX F. GEOTECHNICAL CONSIDERATIONS 
Infiltrating stormwater into soils has the potential to cause adverse geotechnical conditions under certain 
circumstances if integrated management practices (IMPs) are not properly sited, designed, or maintained. 
All geotechnical testing, considerations, and designs should be performed only by a licensed, professional 
geotechnical engineer. The following sections further detail specifics regarding geotechnical testing, 
reporting, and design for IMPs. 

F.1 GEOTECHNICAL CONCERNS 
Specific geotechnical issues that need to be assessed when planning for infiltration IMPs include the 
following: 

• Depth to groundwater: The ability to infiltrate stormwater is limited in areas with a high 
groundwater table. A 10-foot separation distance is required from the bottom of the infiltration 
facility to the seasonal high groundwater level. 

• Soil type: Native soils that are hydrologic soil group (HSG) A or B are suitable for infiltration 
without amendments. The Standard Urban Stormwater Mitigation Plan, or County SUSMP 
(County of San Diego 2012), requires testing of in situ soils by a licensed geotechnical engineer 
to ensure that infiltration rates are adequate when developers propose infiltration to native soils. If 
infiltration rates are lower than expected, native soils can be amended to ensure adequate 
stormwater retention. Other concerns with regard to infiltration of stormwater to soils are the 
potential for liquefaction during earthquakes, expansion of clay soils, or compression of fill or 
alluvium. All of these conditions can cause damage to structures and pavements. Developers can 
refer to local geologic hazard maps or undertake a site-specific investigation of underlying soils 
to identify the presence of soil types prone to liquefaction or expansion. 

• Steep slopes: Stormwater infiltration is not recommended on hillsides (slopes of 20 percent or 
more) because of the risk of downhill seepage that creates surficial slope instability (increased 
potential of erosion, slumps, or slides). These risks can be mitigated by installing lined facilities 
that safely direct stormwater to less sensitive areas. 

• Proximity to structures: Stormwater should not be infiltrated in areas adjacent to improvements 
that could be damaged by the presence of groundwater. Infiltration facilities should be set back 
10–25 feet from building foundations, basements, footings, and retaining walls to prevent the 
zone of saturation from undermining structures. Including underdrains or liners in the design of 
an IMP will limit the zone of saturation and help to mitigate risk of damage to structures. 

• Proximity to wells: Infiltration is not appropriate within 100 feet of water supply wells. 

Infiltrating practices might also be restricted in stormwater hotspots such as industrial and high-traffic 
areas. Infiltration is not permitted if: 

• Soil contamination is expected or is present. 

• Runoff could unintentionally be received from a stormwater hotspot (as determined in the 
SUSMP). 
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• The groundwater table is within 10 feet of the proposed subgrade. 

• The site is within 100 feet of a water supply well or septic drain field. 

• The site is within 10 feet of a structure or foundation. 

• Infiltrated water could interfere with utilities. 

• Underlying geology presents risks for sinkholes or liquefaction. 

• The project geotechnical engineer does not allow the infiltration. 

• Permeability rates are not sufficient. 

• The site is within 50 feet of a steep, sensitive slope (as determined in the geotechnical analysis—
see Common Design Elements in Appendix A). 

More detailed restrictions are listed in the SUSMP (County of San Diego 2012). When infiltration is not 
feasible, most infiltration IMPs can be designed as filtration IMPs by using an impermeable liner. (See 
Appendix A.11.6 for details on impermeable liners.) 

Infiltration IMPs are best installed at the end of construction, after the site is fully stabilized. If possible, 
flows should be bypassed until the site is stabilized, as construction-related runoff might contain a high 
proportion of fine sediment that can clog the basin floor. 

F.2 GEOTECHNICAL INVESTIGATION 
Investigations of subsurface conditions are important to identify geologic and geotechnical features and 
characteristics of a site. Geotechnical investigations include a desktop analysis and a field survey to fully 
characterize the structural and hydrologic characteristics of a site. 

F.2.1 DESKTOP ANALYSIS 
Desktop analyses can be done to generate a conceptual site plan but should always be verified with a field 
investigation. Desktop analyses can help determine the following characteristics (SEMCOG 2008): 

• Mapped soils and HSG classifications 

• Geologic conditions such as depth to bedrock and other notable features 

• Waterbodies (streams, wetlands, lakes, etc.), floodplains, and hydric or alluvial soils 

• Topography and drainage patterns, watershed boundaries, and proximity to steep slopes 

• Existing land use 

• Proximity to structural foundations, roadway subgrades, utilities, and other infrastructure 

• Proximity to water supply wells 

• Proximity to septic drain fields 
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• Past use of the site 

• Concept plan for the proposed development 

F.2.2 SOIL EXCAVATIONS 
The desktop evaluation should be followed by a field investigation performed by a licensed soil scientist 
or geotechnical engineer that involves exploratory excavations to evaluate soil characteristics. Borings 
also can be used for soil investigations, although they provide a more limited view of soil horizons and 
subsurface conditions. The following observations should be collected during soil excavations: 

• Soil horizons (upper and lower boundary) 

• Soil texture, structure, and color for each horizon 

• Color patterns (mottling) and observed depth. 

• Structural capacity of soils 

• Presence of expansive soil 

• Presence of compacted or restrictive layers 

• Depth to groundwater table 

• Depth to bedrock 

• Observance of pores or roots (size, depth) 

• Estimated type and percent coarse fragments 

• Hardpan or limiting layers 

• Strike and dip of horizons (especially lateral direction of flow at limiting layers) 

• Proximity to steep slopes 

• Proximity to structural foundations, roadway subgrades, utilities, and other infrastructure where 
known (The project civil engineer needs to coordinate utility placement with the geotechnical 
engineer.) 

• Proximity to water supply wells 

• Proximity to septic drain fields 

• Additional comments or observations 

All testing should be performed at the depth of the proposed subgrade and 3 feet below the proposed 
subgrade. The number of excavations depends on the site characteristics and proposed development plan, 
generally as follows (SEMCOG 2008): 
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• One exploratory investigation per lot, within 100 feet of the proposed IMP, for single-family 
residential subdivisions with on-lot infiltration 

• One exploratory investigation per IMP or acre for multi-family and high-density residential 
developments 

• Four to six exploratory investigation evenly distributed per acre of IMP area for large infiltration 
areas (basins, commercial, institutional, industrial, and other proposed land uses) 

F.2.3 SOIL INFILTRATION TESTING 
Soil infiltration testing can determine whether infiltration facilities are suitable at the development site. 
Soil infiltration tests should be conducted in the field during dry weather at least 24 hours after significant 
rainfall (SEMCOG 2008). At least one infiltration test should be conducted at the proposed bottom 
elevation of the infiltration facility. A number of methods are available to determine soil infiltration rate, 
including the double-ring infiltrometer, in situ permeameters, and perc tests. The double-ring infiltrometer 
test is a common method used, and its procedure is specified in the American Society for Testing and 
Materials (ASTM) D 3385, Standard Test Method for Infiltration Rate of Soils in Field Using Double-
Ring Infiltrometer (ASTM 2009). Once infiltration rates have been determined, IMP designers can use the 
information to locate the best sites for infiltration IMPs, size them appropriately, and modify them as 
necessary with engineered soils or underdrains. See section 3.2.1 and Appendix A for further discussion 
of infiltration IMP design. 

F.3 GEOTECHNICAL REPORTS 
A qualified engineer practicing geotechnical services must review the proposed IMPs whenever adverse 
geotechnical conditions exist. Adverse geotechnical conditions should be addressed, and where 
appropriate, mitigation recommendations should be provided in a site-specific geotechnical report. The 
impact on existing, proposed, and future improvements including buildings, roads, and manufactured 
slopes, must be included in the report. 

A site-specific preliminary geotechnical report should include the following information, supported by 
illustrations, geophysical data, field excavation and testing results, modeling and analysis, and references 
(City of San Diego 2011): 

• Descriptive site information that describes the purpose and scope of the investigation; a 
description of site location, access, physiography, vegetation, man-made features, and slope 
heights and gradients (including an index map); a description of the proposed project or 
development; and any previous studies relevant to the investigation. 

• Geologic/geotechnical site conditions, including geologic hazard categories identified on local 
geologic hazard maps. 

• Geologic/geotechnical analyses specific to the site and nature of the project. For stormwater 
IMPs, discussions should focus on the impact of surface and subsurface stormwater flow on 
slopes, soils, and structures. 

• Conclusions regarding whether the site is suitable for the intended use, and recommendations to 
mitigate or avoid geologic or environmental hazards associated with stormwater management or 
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other aspects of the project. Recommendations for further field testing or studies should be 
included. 

• Authentication of results, analyses, and conclusions by a qualified engineer practicing 
geotechnical services. 

All infiltration IMPs proposed for a specific project shall be reviewed and approved for use in the project 
by the project’s geotechnical engineer, civil engineer, or other qualified licensed professional to avoid the 
potential for slope failure, water seepage, or migration under structures or onto neighboring properties, 
conflicts with underground utilities, or other potential conflicts with engineering and design objectives. 
Project plans must be designed in accordance with local zoning regulations, ordinances, and community 
plans and should meet the criteria listed in the SUSMP (County of San Diego 2012). 

F.4 REFERENCES 
ASTM (American Society for Testing and Materials). 2009. Standard Test Method for Infiltration Rate of 

Soils in Field Using Double-Ring Infiltrometer. ASTM D 3385. American Society for Testing 
and Materials, West Conshohocken, PA 

City of San Diego. 2011. Guidelines for Geotechnical Reports. Accessed June 5, 2013. 
http://www.sandiego.gov/development-services/pdf/industry/geoguidelines.pdf. 

County of San Diego. 2012. County of San Diego SUSMP: Standard Urban Stormwater Mitigation Plan 
Requirements for Development Applications. 
http://www.sdcounty.ca.gov/dpw/watersheds/susmp/susmppdf/susmp_manual_2012.pdf. 

SEMCOG (Southeast Michigan Council of Governments). 2008. Low Impact Development Manual for 
Michigan: A Design Guide for Implementers and Reviewers. Accessed June 5, 2013. 
http://library.semcog.org/InmagicGenie/DocumentFolder/LIDManualWeb.pdf. 
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G APPENDIX G. BIORETENTION SOIL MEDIA EXAMPLE 
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G.1 BIORETENTION SOIL MEDIA (BSM) EXAMPLE
SPECIFICATIONS 

Any bioretention facilities being installed in the County of San Diego should meet the following 
bioretention soil media (BSM) criteria. 

G.1.1 GENERAL REQUIREMENTS 
BSM should achieve a long-term, in-place infiltration rate of 5 inches per hour, according to the County 
of San Diego 2012 Standard Urban Stormwater Mitigation Plan (SUSMP) requirements. 

BSM should also support plant growth while providing pollutant treatment. In order to achieve these two 
goals, the BSM should be a mixture of sand, fines, and compost. The following composition includes the 
measurements for determining the BSM by volume and weight: 

BSM 
Composition Sand 

Sandy Loam 

Compost Sand Silt Clay 

Volume 65% 20% 15% 

Weight 75–80% 10% max. 3% max. 9% max.1 
19% compost by weight results in approximately 5% organic matter by weight. 

G.1.2 SUBMITTALS 
Product Data: Submit manufacturer's product data and installation instructions. Include required substrate 
preparation, list of materials, application rate/testing, and permeability rates. 

Verifications: Manufacturer shall submit a letter of verification that the products meet or exceed all 
physical property, endurance, performance and packaging requirements. 

Tests should be conducted no more than 120 days prior to the delivery date of the BSM to the project site. 
Batch-specific test results and certification will be required for projects installing more than 100 cubic 
yards of BSM. 

The applicant should submit the following to the municipality for approval if requested: 

A. A sample of mixed BSM. 

B. Grain size analysis results of the sand component performed in accordance with American 
Society for Testing and Materials (ASTM) D422, Standard Test Method for Particle Size 
Analysis of Soils. 

C. Grain size analysis results of sandy loam soil component performed in accordance with ASTM 
D422., Standard Test Method for Particle Size Analysis of Soils. 

D. Grain size analysis results of compost component performed in accordance with ASTM D422, 
Standard Test Method for Particle Size Analysis of Soils. 
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E. Organic matter content test results of compost. Organic matter content tests should be performed 
in accordance with ASTM F 1647, Standard Test Methods for Organic Matter Content of Athletic 
Field Rootzone Mixes or Testing Methods for the Examination of Compost and Composting 
(TMECC) 05.07A, Loss-On-Ignition Organic Matter Method. 

F. A description of the equipment and methods used to mix the sand, sandy loam, and compost to 
produce BSM. 

G. Constant head permeability results of the mixed BSM. Constant head permeability testing in 
accordance with ASTM D2434, Standard Test Method for Permeability of Granular Soils 
(Constant Head) should be conducted on a minimum of two samples with a 6-inch mold and 
vacuum saturation. 

H. Provide the following information about the testing laboratory(ies) including: 

1) Name of laboratory(ies) 

2) Contact person(s) 

3) Address(es) 

4) Phone contact(s) 

5) Email address(es) 

6) Qualifications of laboratory(ies), including use of ASTM and U.S. Department of Agriculture 
(USDA) method of standards 

G.1.3 SAND SPECIFICATIONS FOR BSM 
G.1.3.1 SAND QUALITY 
Sand should be thoroughly washed prior to delivery and free of wood, waste, and coatings such as clay, 
stone dust, carbonate, or any other deleterious material. All aggregate passing the No. 200 sieve size 
should be non-plastic. 

G.1.3.2 SAND TEXTURE 
Sand for BSM should be analyzed by a qualified lab using #200, #100, #40, #30, #16, #8, #4, and 3/8-
inch sieves (ASTM D422 or as approved by municipality) and meet the following gradation: 
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Sieve Size 

Percent Passing 
(by weight) 

Min. Max. 

3/8 inch 

No. 4 

No. 8 

No. 16 

No. 30 

No. 40 

No. 100 

No. 200 

100 

90 

70 

40 

15 

5 

0 

0 

100 

100 

100 

95 

70 

55 

15 

5 

Note: all sands complying with ASTM C33, Standard Specification for Concrete 
Aggregates for fine aggregate comply with the above gradation requirements. 

G.1.4 SANDY LOAM SOIL SPECIFICATIONS FOR BSM 
G.1.4.1 SANDY LOAM SOIL QUALITY 
Sandy loam soil for the BSM shall be free of wood, waste, coating such as stone dust, carbonate, etc., or 
any other deleterious material. All aggregate passing the No. 200 sieve size shall be non-plastic. 

G.1.4.2 SANDY LOAM SOIL TEXTURE 
Sandy loam soil should comply with the following specifications by weight based on ASTM D422 (or as 
approved by municipality): 

A. 50–74 percent sand 

B. 0–48 percent silt 

C. 2–15 percent clay 

Note: these ranges were selected from the USDA soil textural classification for a sandy loam, such that 
clay content does not exceed 15 percent of sandy loam. 

G.1.5 COMPOST SOIL SPECIFICATIONS FOR BSM 
G.1.5.1 COMPOST TEXTURE 
A qualified lab should analyze compost using No. 200 and 1/2-inch sieves (ASTM D422 or as approved 
by municipality), and meet the following gradation: 
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Sieve Size 

Percent Passing 
(by weight) 

Min. Max. 

1/2 inch 

No. 200 

97 

0 

100 

5 

 

G.1.5.2 COMPOST QUALITY TESTING 
Compost should be a well-decomposed, stable, weed-free organic matter source derived from waste 
materials including yard debris, wood wastes or other organic materials, not including manure or 
biosolids. Compost shall have a dark brown color and a soil-like odor. Compost that is exhibiting a sour 
or putrid smell, contains recognizable grass or leaves, or is hot (120 degrees Fahrenheit) upon delivery or 
rewetting is not acceptable. 

Compost shall be produced at a facility inspected and regulated by the Local Enforcement Agency for 
CalRecycle. The past three inspection reports shall be submitted verifying testing compliance with 
CalRecycle Title 14, Process to Further Reduce Pathogens (PFRP), and EPA 40 CFS 503. 

Compost should comply with the following requirements: 

Parameter Method Requirement Units 

Bulk Density - 400–600 dry lbs/cubic yd 

Moisture Content Gravimetric 30%–60% dry solids 

Organic Matter 

ASTM F 1647 Standard Test 
Methods for Organic Matter Content 
of Athletic Field Rootzone Mixes or 
Testing Methods for the Examination 
of Compost and Composting 
(TMECC) 05.07A, “Loss-On-Ignition 
Organic Matter Method.” 

35%–75% dry weight 

pH Saturation Paste 6.0–8.0   

Carbon:Nitrogen Ratio - 15:1–25:1   

Maturity/Stability Solvita® > 5 Index value 
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Parameter Method Requirement Units 

Metals 

Arsenic 

- 

< 20 

mg/kg dry weight 

Cadmium < 10 

Chromium < 600 

Copper < 750 

Lead < 150 

Mercury < 8 

Nickel < 210 

Selenium < 18 

Zinc < 1400 

Pathogens 

Salmonella 
- 

< 3 MPN per 4 g 

Fecal Coliform < 1000 MPN per 1 g 

Inert Material/Physical Contaminants 

Plastic, Metal, and Glass 
- 

< 1% by weight 

Sharps (% > 4mm) 0% by weight 

 

G.1.5.3 ALTERNATIVE ORGANIC AMENDMENTS 
Alternative organic amendments (in lieu of previously defined compost) will be reviewed on a case-by-
case basis. Organic amendments should make up no more than 5 percent of the BSM bulk volume, unless 
organic alternatives comply with the specifications of section G.1.5.2. 

G.1.6 BSM SPECIFICATIONS 
BSM shall be free of roots, clods stones larger than 1-inch in the greatest dimension, pockets of coarse 
sand, noxious weeds, sticks, lumber, brush, and other litter. It shall not be infested with nematodes or 
undesirable disease-causing organisms such as insects and plant pathogens. BSM shall be friable and have 
sufficient structure in order to give good aeration to the soil. The following specifications should govern 
the bulk BSM. 

G.1.6.1 BSM TEXTURE 
Gradation Limit: The definition of the soil should be the following USDA classification scheme by 
weight: 

A. Sand:  85–90 percent 

B. Silt:  10 percent maximum 

C. Clay:  5 percent maximum 
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Compost should compose no more than 9 percent of the bulk BSM weight and should primarily fall into 
the sand component above (per section G.1.5.1 compost gradation limits). 

G.1.6.2 BSM QUALITY TESTING 
In addition to the compost quality testing requirements outlined in section G.1.5.2, the final BSM should 
meet the following standards. Testing results from the following specifications shall be submitted for 
approval prior to BSM acceptance. 

Parameter Method Requirement Units 

Organic Matter Loss on Ignition 2%–5% dry weight 

pH Saturation Paste 6.0–8.0  - 

Carbon:Nitrogen Ratio - 10:1–20:1  - 

Cation Exchange Capacity (CEC) - ≥ 5 meq/100 g of dry soil 

Salinity (Electrical Conductivity) Saturation Extract 0.5–3 dS/m 

Boron Saturation Extract < 2.5 ppm 

Chloride Saturation Extract < 150 ppm 

Sodium Adsorption Rate (SAR) - < 3  - 

Extractable Nutrients 

Phosphorus 

Ammonium 
Bicarbonate/DPTA 
extraction method 

< 15 

mg/kg dry weight 

Potassium 100–200 

Iron 24–35 

Manganese 0.6–6.0 

Zinc 1.0–8.0 

Copper 0.3–5.0 

Magnesium 50–150 

Sodium 0–100 

Sulfur 25–500 

Molybdenum 0.1–2.0 

Aluminum < 3.0 
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G.2 ALTERNATIVE BSM SPECIFICATIONS 
BSMs not meeting the above criteria may be evaluated on a case-by-case basis. 

G.2.1 GENERAL REQUIREMENTS 
Alternative BSM should meet the following specifications: 

A. Should be sufficiently permeable to infiltrate runoff at a minimum rate of 5 inches per hour 
during the life of the facility 

B. Should provide sufficient retention of moisture and nutrients to support adequate vegetation while 
providing pollutant removal 

C. Should meet the requirements of the compost chemical analysis outlined in section G.1.5.2 and 
the BSM quality testing in section G.1.6.2 

The following guidance is offered to assist municipalities with verifying that alternative soil mixes meet 
the specifications. 

G.2.2 SUBMITTALS 
The applicant should submit the following to the municipality for approval: 

A. A sample of alternative BSM. 

B. Certification from the soil supplier that the BSM meets the requirements of these guidelines. 

C. Constant head permeability results of the alternative BSM. Constant head permeability testing in 
accordance with ASTM D2434, Standard Test Method for Permeability of Granular Soils 
(Constant Head) should be conducted on a minimum of two samples with a 6-inch mold and 
vacuum saturation. 

D. Organic matter content test results of BSM. Organic content test should be performed in 
accordance with ASTM F1647, Standard Test Methods for Organic Matter Content of Athletic 
Field Rootzone Mixes or Testing Methods for the Examination of Compost and Composting 
(TMECC) 05.07A, Loss-On-Ignition Organic Matter Method. 

E. Grain size analysis results of alternative BSM performed in accordance with ASTM D422, 
Standard Test Method for Particle Size Analysis of Soils. 

F. A description of the equipment and methods used to mix the sand and compost to produce 
alternative bioretention soil. 

G. Provide the following information about the testing laboratory(ies): 

1) Name of laboratory(ies) 

2) Contact person(s) 

3) Address(es) 

4) Phone contact(s) 
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5) Email address(es) 

6) Qualifications of laboratory(ies), including use of ASTM and USDA method of standards 

G.2.3 ALTERNATIVE BSM TEXTURE 
Alternative BSM should be analyzed by an accredited lab using No. 200 and 1/2-inch sieves (ASTM 
D422 or as approved by municipality) and should meet the following gradation: 

Sieve Size 

Percent Passing 
(by weight) 

Min. Max. 

1/2 inch 

No. 200 

97 

2 

100 

5 

 

G.3 INSTALLATION OF BSM 
The following section provides considerations for proper BSM installation. 

G.3.1 CONSIDERATIONS PRIOR TO BSM INSTALLATION 
The following questions and guidelines should be discussed with the contractor prior to installing the 
BSM at the project site to prevent any confusion and errors. 

A. Ensure that the contractor is familiar with constructing bioretention systems. 

B. Plan how inspections will be handled as part of the construction process. 

C. Verify BSM meets specification prior to delivery and placement in the facility. 

D. Prevent over-compaction of native soils in areas of the basin where infiltration will occur. 
Delineate the facility area, and keep construction traffic off. Protect soils with fencing, plywood, 
etc. 

E. Provide erosion control in the contributing drainage areas of the facility. Stabilize upslope areas. 

F. Drainage should be directed away from bioretention facilities until upslope areas are stabilized. 
The concentration of fines could prevent post-construction infiltration and cause design failure. 

G. If drainage is to be allowed through the facility during construction, leave or backfill at least 
6 inches above the final grade. Temporarily cover the underdrain with plastic or fabric. Line or 
mulch the facility. 

H. Bioretention facilities should remain outside the limit of disturbance to prevent soil compaction 
by heavy equipment. Protect bioretention areas with silt fence or construction fencing. 

I. Verify installation of underdrain is correct prior to placing soil. 
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G.3.2 BSM MIXING AND PLACEMENT 
These guidelines should be followed to ensure proper BSM mixing and placement: 

A. Erosion and sediment control practices during construction should be employed to protect the 
long-term functionality of the bioretention. The following practices shall be followed for this 
reason: 

1) Provide erosion control in the contributing drainage areas to the facility and stabilize upslope 
areas. 

2) Facilities should not be used as sediment control facilities, unless installation of all 
bioretention-related materials are withheld towards the end of construction, allowing the 
temporary use of the location as a sediment control facility, and appropriate excavation of 
sediment is provided prior to installation of bioretention materials. 

B. Do not excavate, place soils, or amend soils during wet or saturated conditions. 

C. Operate equipment adjacent to the facility. Equipment operation within the facility should be 
avoided to prevent soil compaction. If machinery must operate in the facility, use lightweight, 
low ground-contact pressure equipment. 

D. If constructing an infiltrating facility, the subgrade should be ripped or scarified to a minimum 
depth of 9 inches on 3-foot centers to promote greater infiltration. 

E. Consider the time of year and site working area when determining whether to mix BSM on-site or 
to import pre-mixed soil. It is recommended that the BSM should be mixed prior to being 
delivered to the site, and mixing is not allowed on-site during rainy season. If BSM mixing occurs 
on-site during the dry season, use an adjacent impervious area or mix BSM on plastic sheeting. 
(Mixing should not occur within the bioretention basin.) 

F. Place soil in 6- to 12-inch lifts with machinery adjacent to the facility (to ensure equipment is not 
driven across soil). If working within the facility, to avoid over-compacting, place first lifts at far 
end from entrance and place backwards towards entrance. 

G. Allow BSM lifts to settle naturally, lightly water to provide settlement and natural compaction 
between lifts. After lightly watering, allow soil to dry between lifts. Soil cannot be worked when 
saturated, so this method should be used with caution to ensure dry conditions. After all lifts are 
placed, wait a few days to check for settlement, and add additional media as needed. No 
mechanical compaction is allowed. 

H. The long-term hydraulic conductivity rate should not be less than 5 inches per hour when tested 
with a double ring infiltrometer (in accordance with ASTM D3385, Standard Test Method for 
Infiltration Rate of Soils in Field Using Double Ring Infiltrometer), a single ring infiltrometer, a 
Modified Philip-Dunne Infiltrometer, or other approved methods. 

I. Vehicular traffic and construction equipment shall not drive on, move onto, or disturb the BSM 
once placed and water-compacted. 

J. Rake bioretention soil as needed to level out. Verify BSM elevations before applying mulch or 
installing plants. 
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Other Considerations: 

• Protect adjacent infiltration systems including swales, soils, and porous pavement from sediment. 

• Protect adjacent trees. 

G.3.3 MULCH FOR BIORETENTION FACILITIES 
According to the County of San Diego Water Conservation in Landscaping Ordinance (2010), a 2-inch 
layer of aged mulch shall be installed on the surface of the bioretention soil for planting of container stock 
and if no hydroseeding is to be installed. 

Aged mulch reduces the ability of weeds to establish, keeps soil moist, and replenishes soil nutrients. 
Aged mulch can be obtained through soil suppliers or directly from commercial recycling yards. Apply 
2 inches of well-aged shredded hardwood mulch once a year, preferably in June, after any weeding. 

Compared to green wood chip or bark mulch, aged mulch has less of a tendency to float into overflow 
inlets during intense storms. Bark or wood chip mulch may be used on the side slopes of basins above the 
maximum water line. The project landscape architect may also specify another type of non-floating 
mulch, subject to approval by the local jurisdiction. Composted mulch should be avoided due to its 
potential to contribute pathogens and nutrients to the bioretention facility. 

If hydroseeding is to be installed on the surface of the bioretention soil, no stabilized matrix shall be used 
in the hydroseed components or mix. 
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