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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 1-2. 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

Model SUSMP Model SUSMP
Structural IMP water quality control hydromodification control
Bioretention and bioretention swales ) )
Permeable pavement o! °
Rock infiltration swales ) )
Flow-through planter ) )
Vegetated (green) roof systems o’ )
Sand filters )
Rainwater harvesting and reuse systems 3 )
Vegetated swales Recommended for pretreatment, conveyance
Vegetated filter strips/buffers Recommended for pretreatment, conveyance

! 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
% 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/rwqch9/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 (WPQO) (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
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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 faling from November to April. The
average rainfall is highest in the mountains and lowest aong 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 aong the coast averages 10 inches. The amount increases with
elevation asmoist air islifted over the mountains. Some reporting points in the Cuyamaca and V ulcan

M ountains 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 dopes 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)

Monthly
Location Jan Feb Mar Apr | May | Jun Jul Aug | Sep Oct Nov | Dec | Annual
Alpine 303|360 314 |124|036 | 015|023 | 0.15|0.27 | 0.74 | 1.75 | 2.11 16.77
Borrego Desert 114 | 1.32 |1 0.84 | 0.17 | 0.05 | 0.02 | 0.30 | 0.44 | 0.31 | 0.24 | 0.39 | 0.91 6.13
Park
Boulevard 293|337 |322|101|029|010| 041|060 | 021 | 095 | 1.26 | 2.67 | 17.02
Camp 286 | 294 | 246 | 1.03 | 0.28 | 0.10 | 0.10 | 0.10 | 0.23 | 0.66 | 1.24 | 2.11 14.11
Pendleton
Campo 298 | 3.23 | 269 | 09 | 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 194 | 230|169 | 0.69 | 0.09 | 0.07 | 0.03 | 0.01 | 0.14 | 0.53 | 0.91 | 1.43 9.83
Cuyamaca 554 | 652 | 577 | 267 | 0.71 | 0.20 | 0.41 | 0.82 | 0.74 | 1.88 | 3.26 | 4.89 3341
Descanso 450 | 494 | 400 | 198 | 057 | 0.16 | 0.32 | 0.59 | 0.48 | 1.16 | 2.00 | 3.03 23.73
Ranger Station
El Cajon 225|258 | 235|084 | 013 | 007|014 | 002|015 | 061 | 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 | 242 | 16.38
Escondido 3.03|341| 265|115 | 025 | 0.12 | 0.08 | 0.08 | 0.21 | 0.71 | 1.17 | 2.14 | 15.00
Henshaw Dam 542 | 564 | 463 | 1.86 | 0.45 | 0.14 | 0.28 | 0.48 | 0.55 | 1.09 | 2.21 | 3.94 26.69
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Monthly

Location Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec | Annual
Imperial Beach 179 | 204 | 1.86 | 0.80 | 0.21 | 0.08 | 0.07 | 0.04 | 0.20 | 0.65 | 1.14 | 1.63 | 10.51
Julian 390 | 478 | 428|182 | 0.29 | 012 | 0.27 | 0.37 | 0.46 | 1.02 | 2.32 | 3.29 | 22.92
La Mesa 240 | 241 | 241 | 092 | 0.15 | 0.08 | 0.04 | 0.03 | 0.21 | 0.69 | 1.45 | 1.89 12.68
Lakeside 2731339293 | 118|025 | 010 | 0.09 | 0.05 | 0.22 | 0.81 | 1.52 | 2.28 15.55
Oceanside 265|307 | 221|097 | 026 | 011|012 | 0.15| 0.24 | 0.70 | 1.03 | 2.15 | 13.66
Ocatillo 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 588 | 661 | 475|191 | 055|017 | 037 | 0.77 | 0.51 | 1.23 | 2.48 | 4.97 30.20
Mountain
Poway 269 | 3.02 | 241|097 | 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 198 | 227|181 | 0.78 | 0.12 | 0.07 | 0.03 | 0.02 | 0.15 | 0.57 | 1.01 | 1.53 | 10.34
Airport
San Pasqual 265|313 | 244 | 105|025 | 0.09 | 0.08 | 0.05 | 0.20 | 0.65 | 1.34 | 2.09 14.02
Vista 2.67 | 298 | 220 | 099 | 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)

Month
Location Jan | Feb | Mar | Apr | May [ Jun Jul | Aug | Sep [ Oct | Nov [ Dec
Alpine 541 | 542 | 559 | 59.2 | 63.2 | 684 | 743 | 75.7 | 73.3 | 66.5 | 59.2 | 53.5
Borrego Desert Park 56.2 | 585 | 63.5 | 689 | 76.7 | 84.8 | 90.8 | 90.3 | 84.8 | 744 | 63.2 | 55.3
Camp Pendleton 543 | 549 | 56.7 | 59.2 | 629 | 66.2 | 70.6 | 71.1 | 699 | 649 | 58.8 | 53.5
Campo 485 | 495 | 516 | 55.1 | 60.7 | 66.2 | 72.8 | 73.7 | 69.1 | 60.7 | 53.0 | 47.7
Carlsbad Airport 554 | 558 | 56.9 | 59.1 | 62.0 | 64.8 | 68.2 | 69.9 | 68.6 | 65.2 | 59.7 | 55.2
Chula Vista 572 | 578 | 569.2 | 61.2 | 63.8 | 66.3 | 70.2 | 71.7 | 70.6 | 66.8 | 61.0 | 56.4
Cuyamaca 40.2 | 410 | 441 | 48.0 | 545 | 62.0 | 69.5 | 69.2 | 63.6 | 53.9 | 456 | 39.8
El Cajon 5568 | 57.0 | 59.7 | 62.9 | 66.7 | 705 | 75.2 | 76.6 | 746 | 68.3 | 60.7 | 55.0
El Capitan Dam 553 | 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 | 749 | 76.2 | 74.0 | 68.0 | 60.9 | 55.1
Henshaw Dam 446 | 458 | 487 | 522 | 58.3 | 645 | 71.5 | 72.3 | 67.0 | 58.0 | 49.5 | 43.6
Imperial Beach 564 | 576 | 59.0 | 60.7 | 63.2 | 65.8 | 684 | 70.0 | 689 | 644 | 594 | 56.7
Julian 449 | 457 | 474 | 522 | 58.1 | 65.6 | 73.1 | 72.6 | 67.9 | 59.8 | 51.1 | 441
La Mesa 579 | 584 | 60.1 | 63.2 | 659 [ 694 | 73.7 | 75.3 | 74.1 | 684 | 62.2 | 574
Mount Laguna 412 | 412 | 456 | 51.1 | 58.2 | 65.0 | 71.1 | 70.2 | 65.2 | 55.4 | 476 | 41.2
Oceanside 53.0 | 542 | 55.7 | 58.6 | 61.8 | 65.3 | 68.6 | 694 | 67.8 | 629 | 56.9 | 52.6
Ocotillo Wells 588 | 615 | 675 | 73.6 | 81.3 | 88.6 | 95.3 | 93.8 | 89.0 | 78.7 | 65.5 | 57.3
Palomar Mountain 429 | 426 | 464 | 50.8 | 58.5 | 67.1 | 73.5 | 73.2 | 68.1 | 58.4 | 49.0 | 42.7
Ramona Airport 50.2 | 51.0 | 529 | 559 | 61.5 [ 67.0 | 72.1 | 74.0 | 70.5 | 63.4 | 55.5 | 49.6
San Diego Airport 571 | 579 | 594 | 617 | 64 | 664 | 70.0 | 71.6 | 70.6 | 66.7 | 61.3 | 56.5
San Pasqual 555 | 56.8 | 58.8 | 619 | 66.1 | 70.1 | 74.8 | 759 | 73.7 | 67.6 | 60.1 | 54.7
Vista 56.0 | 56.2 | 576 | 604 | 636 | 66.8 | 71.0 | 723 | 71.1 | 66.3 | 604 | 554

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 (85" 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 no