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Version Notes:  

This release of the TGD incorporates errata approved by the Santa Ana Regional Water Quality Control 
Board on September 26, 2013. 

This release of the TGD is intended to be used to support project development in both North Orange 
County and South Orange County; however requirements differ somewhat between these two Permit 
Areas. See the memorandum titled “Guidance for Applying the TGD in South Orange County” (dated 
December 20, 2013 ) for a summary of key differences between Permit Areas. Additionally, separate 
Model WQMPs have been developed for each Permit Area, and footnotes and clarifications have been 
added to the text of this TGD to distinguish and clarify criteria that apply specifically in South Orange 
County. These footnotes and text do not amend or revise any elements of the requirements in the North 
Orange County Permit Area; therefore these clarificatory revisions do not relate to the Santa Ana 
Regional Board’s approval of the TGD and errata. 
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ACRONYMS 

BMP – Best Management Practice 
CEQA - California Environmental Quality Act 
CMF – Cartridge Media Filtration 
CWA – Federal Clean Water Act 
DAMP – Drainage Area Management Plan 
DCIA – Directly Connected Impervious Area 
DEDB – Dry Extended Detention Basin 
ESA – Environmentally Sensitive Area 
ET – Evapotranspiration 
HCOC – Hydrologic Condition Of Concern 
HMP – Hydromodification Management Plan 
HSC – Hydrologic Source Control 
EIATA – Effective Irrigated Area to Tributary Area 
IWRMP – Integrated Water Resources Management Plan 
LID – Low Impact Development 
LIP – Local Implementation Plan 
MEP – Maximum Extent Practicable 
MS4 – Municipal Separate Storm Sewer System 
NOC – North Orange County (Region 8- SARWQCB Jurisdictional Area) 
NPDES – National Pollutant Discharge Elimination System 
NTS – Natural Treatment Systems 
OCWD – Orange County Water District 
POC – Pollutant Of Concern 
RWQCB – Regional Water Quality Control Board 
SARWQCB – Santa Ana Regional Water Quality Control Board 
SDRWQCB – San Diego Regional Water Quality Control Board 
SOC – South Orange County (Region 9 -SDRWQCB Jurisdictional Area) 
SQDF - Stormwater Quality Design Flow 
SQDV – Stormwater Quality Design Volume 
SSMP – Standard Stormwater Mitigation Plan 
TGD – Technical Guidance Document 
TMDL – Total Maximum Daily Load 
TUTIA – Toilet Users To Impervious Area  
WIHMP – Watershed Infiltration and Hydromodification Master Plan 
WMA – Watershed Management Area 
WQ – Water Quality 
WQDF – Water Quality Design Flow 
WQDV – Water Quality Design Volume 
WQMP – Water Quality Management Plan 
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Harvest and Use BMP (aka Rainwater Harvesting BMP) –  a class of retention BMPs that 
captures rainwater or stormwater runoff and stores it for subsequent use.   
Hydrocollapse - a sudden collapse of granular soils cause by a rise in groundwater dissolving 
or deteriorating the inter-granular contacts between the sand particles 
Hydrologic Condition of Concern (HCOC) – a combination of upland hydrologic conditions 
and stream biological and physical conditions that presents a condition of concern for physical 
and/or biological degradation of a stream.  
Hydrologic Source Control (HSC) -  a class of LID BMPs integrated with site design that retain 
stormwater runoff and reduce the volume (and potentially rate) of stormwater discharge to the 
downstream system.  HSCs are differentiated from retention and biotreatment classes of LID 
BMPs by their higher level of integration with a site.  They are not sized according to 
engineering design criteria, and they do not typically result in a distinct facility.  Consequently, 
they are usually regarded as site design practices, as opposed to structural treatment control 
BMPs.  An example includes routing roof runoff into adjacent landscaped areas. 
Hydromodification – Changes in runoff and sediment yield caused by land use modifications. 
Hydromodification Control – Management techniques which reduce the potential for 
hydromodification impact. 
Hydromodification Impact – The physical response of stream channels to changes in runoff 
and sediment yield caused by land use modifications 
Infiltration BMP – a class of retention BMPs that discharges stored volume predominantly to 
deeper percolation/infiltration; some evapotranspiration may also occur. 
In-stream Control – Modification of a receiving channel as a technique for managing 
hydromodification impacts. The modifications are usually done for the purposes of allowing the 
channel to accept changes in hydrology while minimizing impacts to beneficial uses. 
Irrigation Area Ratio – a ratio describing the agronomic irrigation demand for harvested 
stormwater as a fraction of the tributary area to the stormwater storage device. 
Irrigation Efficiency – the ratio of plant irrigation needs met to the amount of irrigation water 
applied.  A value of 0.75 implies that 1 inch of irrigation water must be applied to satisfy 0.75 
inches of plant water needs. 
LID BMP – a BMP that provides retention or biotreatment as part of an LID strategy – these 
may include HSCs, retention, and biotreatment BMPs.  
LID Site Design – The component of LID that relates to the way in which a site is laid out to 
achieve strategic stormwater management and resource management objectives. Site design 
practices work synergistically with LID BMPs, treatment control, and hydromodification 
control strategies. Example practices include minimizing impervious areas and locating 
pervious areas such that impervious areas can drain to pervious areas. 
Liquefaction - a seismically-induced geological hazard that can result in damage to structures 
as a result in reduction in bulk volume of saturated granular soils.  
Local Implementation Plan (LIP) - The Local Implementation Plan (LIP) describes how the 
DAMP is being implemented by individual permittees under the MS4 Permit..  The DAMP 
provides a foundation for the description and detail of how the Orange County Stormwater 
Permittees commonly implement model programs designed to prevent pollutants from entering 
receiving waters to the maximum extent practicable (MEP). The LIP is designed to supplement 





TECHNICAL GUIDANCE DOCUMENT 
 

 x December 20, 2013 

from a project site.  Site design practices compliment LID BMPs, treatment control, and 
hydromodification control strategies. Example practices include clustering development, 
minimizing impervious areas, and locating pervious areas such that impervious areas can drain 
to pervious areas.  
Sizing Criteria – specific design criteria related to BMP size that serve as a basis for meeting 
performance criteria.   
Source Control – a class of preventative measures intended to prevent the introduction of 
pollutants into stormwater. 
Standard Stormwater Mitigation Plan (SSMP) – see Project WQMP 
Susceptibility – a channel’s lack of ability to resist physical response due to hydromodification 
Treatment - the DCV is considered to have been subject to treatment or is considered treated 
when pollutant concentrations or loads have been reduced. Volume that is lost in a BMP via 
infiltration and ET is considered to meet treatment criteria, however the term “treated 
discharge” this is intended to  refer to treated water discharged back to the storm drain system 
or surface waters. 
Treatment Control BMP – a structure designed to treat pollutants in stormwater runoff and 
release the treated runoff to surface waters or a storm drain system , but is not a biotreatment 
BMP.  Examples include sand filters and cartridge media filters.  
2-year, 24-hour Event – a 24-hour storm event expected to be equaled or exceeded, on average, 
every 2 years.  As defined for Orange County by the Orange County Hydrology Manual. 
Water Quality Credit System – the system by which certain project types are granted reduction 
in the criteria for determining treatment control and/or offsite mitigation requirements for 
alternative program requirements.  
Watershed-based Plan – refers to a RWQCB Executive Officer-approved Watershed Master 
Plan (WMP), Hydromodification Management Plan (HMP), or other RWQCB Executive Officer-
approved watershed-based plan developed with consideration for water quality, hydrologic, 
fluvial, water supply, and/or habitat, consistent with the LID and hydromodification principles 
and criteria described in the North County and/or South County permit. Watershed-based 
plans may include specific guidance and support for applying LID feasibility criteria, but may 
not substantively alter LID performance criteria. Approved WMPs and HMPs may 
substantively alter hydromodification performance criteria. 
Watershed Management Area (WMA) - Watershed Management Areas (WMAs) are used in 
the countywide Water Quality Strategic Plan as the structure for water resource management. 
The eleven watersheds in Orange County are grouped by similar characteristics into three 
Watershed Management Areas: North, Central, and South County. 
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1.2. Stormwater Management Best Management Practices 

Low impact development (LID) is a stormwater management strategy that emphasizes 
conservation and use of existing site features integrated with distributed stormwater controls 
that are designed to more closely mimic natural hydrologic patterns of undeveloped sites than 
traditional stormwater management controls.  LID includes both site design and structural 
measures, as described below.  Components of LID are considered to be “preventative” in that 
they prevent or reduce runoff from occurring by reducing the elements of development that 
produce runoff.  These are referred to in this TGD as “LID Site Design Practices” or simply “Site 
Design Practices.”  Other elements of LID are considered to be “mitigative” in that they are 
used to manage runoff that is generated.  These are referred to in this TGD as “LID best 
management practices (BMPs).”  Hydrologic source controls (HSCs) are a group of LID 
practices, such as dispersing rooftop runoff through adjacent landscaping, for which this TGD 
provides a method of quantitatively estimating benefits. Therefore, these practices are 
considered separately from other site design practices described in this TGD. 

Hydromodification control includes measures to minimize the potential for hydromodification 
impacts to streams as a result of land changes.  Hydromodification is the physical response of 
stream channels to changes in catchment runoff and sediment yield caused by land use.  
Control methods include site design, hydrologic controls, and in-stream controls 

In this TGD, treatment controls are structural BMPs, not including LID BMPs, which are used to 
remove pollutants from stormwater, such as sand filters and cartridge media filters. Treatment 
controls may be located on the project site or regionally. LID BMPs are considered to satisfy 
treatment control requirements as well as LID requirements.  

Depending upon the project size and characteristics, the Conceptual/Preliminary and/or 
Project WQMP may include combinations of the following types of BMPs: 

• LID Site Design Practices: components of an overall LID strategy that relate to the way 
in which a site is laid out to achieve stormwater management and resource management 
objectives.  Site design practices work synergistically with LID BMPs, treatment control, 
and hydromodification control strategies. Example practices include minimizing 
impervious areas and locating pervious areas such that impervious areas can drain to 
pervious areas. 

• Hydrologic source controls (HSCs): can be considered to be a hybrid between site 
design practices and LID BMPs.  HSCs are distinguished from site design BMPs in that 
they do not reduce the tributary area or reduce the imperviousness of a drainage area; 
rather they reduce the runoff volume that would result from a drainage area with a 
given imperviousness compared to what would result if HSCs were not used.  HSCs are 
differentiated from LID BMPs in that they tend to be more highly integrated with site 
designs and tend to have less defined design and operation.  For example, it may not be 
possible to precisely describe the storage volume and drawdown rate of a pervious area 
receiving drainage from downspout disconnects; however these systems can be very 
effective at reducing runoff. 
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criteria and to select the BMP plan for the project, in accordance with WQMP Template Section 
IV. 

2.2.1. Project Land Uses  

Provide the following information: 

• For the entire parcel, list and describe the proposed land uses, the area of each land use, 
and the estimated imperviousness for each land use.  

• List and show on a figure where facilities will be located and what activities will be 
conducted: 

 List what kinds of materials and products will be used (if known), how and 
where materials will be received and stored (if applicable), and what kinds of 
wastes will be generated (if any). 

 Describe all paved areas, including the type of parking areas. 
 Describe all landscaped areas and open space areas (if any). 

• For commercial and industrial projects:  

 Provide the Standard Industrial Classification (SIC) Code which best describes 
the facilities operations. 

 Describe the type of use (or uses) for each building or tenant space (if known). 
 If the project includes food preparation, cooking, and eating areas, specify the 

location and type of area. 
 Describe delivery areas and loading docks (specify location, design, if below 

grade, and types of materials expected to be transferred). 
 Describe outdoor materials storage areas (describe and depict location(s), specify 

type(s) of materials expected to be stored). 
 Describe activities that will be routinely conducted outdoors. 
 Describe any activities associated with equipment or vehicle maintenance and 

repair, including washing or cleaning. 
 Indicate the number of service bays or number of fueling islands/fuel pumps, if 

applicable. 

• For residential projects: 

 For a single dwelling unit, describe the unit and project site. 
 For a tract, list the range of lot and home sizes. 
 Describe all community facilities such as laundry, car wash, swimming pools, 

jacuzzi, parks, open spaces, tot lots, etc. 
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Table 2.1: Anticipated and Potential Pollutants Generated by Land Use Type 

Priority Project 
Categories 
and/or Project Features 

General Pollutant Categories 

Suspended 
Solid/ 

Sediments 
Nutrients Heavy 

Metals 

Pathogens 
(Bacteria/ 

Virus) 
Pesticides Oil & 

Grease 

Toxic 
Organic 

Compounds 

Trash 
& 

Debris 

Detached Residential 
Development E E N E E E N E 

Attached Residential 
Development E E N E E E(2) N E 

Commercial/ Industrial 
Development  E(1) E(1) E(5) E(3) E(1) E E E 

Automotive Repair 
Shops N N E N N E E E 

Restaurants E(1)(2) E(1) E(2) E E(1) E N E 

Hillside Development 
>5,000 ft2 E E N E E E N E 

Parking Lots E E(1) E E(4) E(1) E E E 
Streets, Highways, & 
Freeways E E (1) E E(4) E(1) E E E 

Retail Gasoline Outlets N N E N N E E E 

E = expected to be of concern 
N = not expected to be of concern 
 

 
(1) Expected pollutant if landscaping exists on-site, otherwise not expected. 
(2) Expected pollutant if the project includes uncovered parking areas, 

otherwise not expected. 
(3) Expected pollutant if land use involves food or animal waste products, 

otherwise not expected. 
(4) Bacterial indicators are routinely detected in pavement runoff. 
(5) Expected if outdoor storage or metal roofs, otherwise not expected. 
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Groundwater Recharge 

Infiltration of stormwater can provide the benefit of recharging groundwater.  As feasible, 
infiltration BMPs should be located in areas where infiltration would be most beneficial for 
groundwater recharge. The site characterization should attempt to identify areas where 
infiltration would have the greatest benefit for groundwater recharge. Generally a greater 
fraction of infiltrated water reaches groundwater in cases where there is a relatively direct 
hydrogeologic connection between the surface and an aquifer.  

Groundwater/Surface Water Interactions  

Groundwater discharge to surface water is generally a primary source of dry weather base 
flows in perennial stream systems.  Intermittent and ephemeral systems are often characterized 
by groundwater discharge during portions of the year and streams losing flow to groundwater 
during other portions of the year.  These systems may be sensitive to minor changes in 
groundwater levels which could result from increased infiltration compared to the existing 
condition. In such systems, increases in groundwater levels could potentially increase the 
duration of dry weather base flows in intermittent and ephemeral drainages. These changes 
may have significant impacts on riparian habitat and geomorphology.  If intermittent or 
ephemeral drainages are located adjacent to and down-gradient of the project, the application of 
infiltration BMPs would could potentially impact these drainages, which would result in a 
finding of infeasibility for infiltration. The Conceptual/Preliminary or Project WQMP should 
provide analyses to support this finding. 

2.3.2.4. Geotechnical Considerations 

Infiltration of stormwater can cause geotechnical issues, including: (1) settlement through 
collapsible soil, (2) expansive soil movement, (3) slope instability, and (4) an increased 
liquefaction hazard. Stormwater infiltration temporarily raises the groundwater level near the 
infiltration facility, such that the potential geotechnical conditions are likely to be of greatest 
significance near the area of infiltration and diminish with distance. If infiltration BMPs are 
considered, a geotechnical investigation should be performed for the infiltration facility to 
identify potential geotechnical issues and geological hazards that may result from infiltration 
and identify potential mitigation measures.  

Increased water pressure in soil pores reduces soil strength.  Decreased soil strength can make 
foundations more susceptible to settlement and slopes more susceptible to failure. In general, 
infiltration-based BMPs must be set back from building foundations or steep slopes. 
Recommendations for each site should be determined by a licensed geotechnical engineer based 
on soils boring data, drainage patterns, and the current requirements for stormwater treatment. 
Implementing the geotechnical engineer’s requirements is essential to prevent damage from 
increased subsurface water pressure to surrounding properties, public infrastructure, sloped 
banks, and even mudslides. 
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Collapsible Soil 

Typically, collapsible soil is observed in sediments that are loosely deposited, separated by 
coatings or particles of clay or carbonate, and subject to saturation. Infiltration of stormwater 
may result in a temporary rise in the groundwater elevation. This rise in groundwater could 
change the soil structure by dissolving or deteriorating the intergranular contacts between the 
sand particles, resulting in a sudden collapse, referred to as hydrocollapse. This collapse 
phenomenon generally occurs during the first saturation episode after deposition of the soil, 
and repeated cycles of saturation are not likely to result in additional collapse. If infiltration is 
considered, it is important to evaluate the potential for hydrocollapse during the geotechnical 
investigation. The magnitude of hydrocollapse is proportional to the thickness of the soil 
column where infiltration is occurring; in most instances, the magnitude of hydrocollapse will 
be small. Regardless, if infiltration BMPs are considered, the geotechnical engineer should 
evaluate the potential effects of hydrocollapse and, if necessary, specify mitigation and 
monitoring measures.  

Expansive Soil 

Expansive soil is generally defined as soil or rock material that has a potential for shrinking or 
swelling under changing moisture conditions. Expansive soils contain clay minerals that 
expand in volume when water is introduced and shrink when the water is removed or the 
material is dried. When expansive soil is present near the ground surface, a rise in groundwater 
from infiltration activities can introduce moisture and cause these soils to swell. Conversely, as 
the groundwater surface falls after infiltration, these soils will shrink in response to the loss of 
moisture in the soil structure. The effects of expansive soil movement (swelling and shrinking) 
will be greatest on near surface structures such as shallow foundations, roadways, and concrete 
walks. Basements or below-grade parking structures can also be affected as additional loads are 
applied to the basement walls from the large swelling pressures generated by soil expansion. If 
infiltration BMPs are considered, the geotechnical investigation should identify if expandable 
materials are present near the proposed infiltration facility, and if they are, evaluate if the 
infiltration will result in wetting of these materials and any potential mitigation measures.  

Slopes 

Slopes near infiltration facilities can be affected by the temporary rise in groundwater. The 
presence of a water surface near a slope can substantially reduce the stability of the slope from a 
dry condition. If infiltration BMPs are considered near a slope, groundwater mounding analysis 
should be performed to evaluate the rise in groundwater around the facility. If the computed 
rise in groundwater approaches nearby slopes, then a separate slope stability evaluation should 
be performed to evaluate the implications of the temporary groundwater surface. The 
geotechnical and groundwater mounding evaluations should identify the duration of the 
elevated groundwater and assign factors of safety consistent with the duration (e.g., temporary 
or long-term conditions).  
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Table 2.4: Summary of the Status of TMDLs for Waterbodies in Regions 8 and 9 

Region Water Body 

Pollutant 

B
ac

te
ria

 
In

di
ca

to
rs

/ 
Pa

th
og

en
s 

M
et

al
s 

N
ut

rie
nt

s 

Pe
st

ic
id

es
 

Tu
rb

id
ity

/ 
Si

lta
tio

n 

R
eg

io
n 

8 
Sa

nt
a 

A
na

 

Newport Bay, Lower Implementation 
Phase Technical TMDLs Implementation 

Phase Technical TMDLs Implementation 
Phase 

Newport Bay, Upper (Ecological 
Reserve)  

Implementation 
Phase Technical TMDLs Implementation 

Phase Technical TMDLs Implementation 
Phase 

San Diego Creek, Reach 1  Technical TMDLs Implementation 
Phase 

Technical TMDLs 
and 

Implementation 
Phase 

Implementation 
Phase 

San Diego Creek, Reach 2  Technical TMDLs Implementation 
Phase  Implementation 

Phase 

Coyote Creek/San Gabriel River  Technical TMDLs1    

R
eg

io
n 

9 
Sa

n 
D

ie
go

 

Aliso Creek (20 Miles) Pacific 
Ocean Shoreline, Laguna Beach 
HSAs 

Implementation 
Phase     

Dana Point Harbor Pacific Ocean 
Shoreline HSAs 

Implementation 
Phase or In 

Progress 
    

Pacific Ocean Shoreline, San 
Clemente HA  In Progress     

San Juan Creek (mouth) Implementation 
Phase     

1This TMDL was adopted by the Los Angeles Regional Water Quality Control Board (Region 4), however it applies to the areas of Orange County that drain to Coyote Creek 
and San Gabriel River. 
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In the North Orange County permit area, determination of susceptibility is only required for 
projects which have a HCOC; projects which do not have a HCOC as a result of proposed 
development are not required to assess susceptibility.  

Where regional maps are inconclusive, it must be assumed that the project’s receiving waters 
are susceptible to hydromodification impacts unless a downstream assessment is completed by 
a licensed geomorphic professional. 

A downstream assessment of susceptibility may be conducted by a licensed geomorphic 
professional for any project. This assessment should consider: 

• The inherent potential for a stream channel to undergo excessive downcutting or 
widening in response to hydromodification caused by land use changes is related to a 
number of factors, including the nature of the bed and bank materials, channel geometry 
and slope, sediment supply, and flow regime. Potential impacts on channel stability 
must include considerations of the following, as applicable: 

 Bed and bank materials. Sand bedded streams have lower critical shear stresses 
and are more readily transported by increased flows, whereas channel materials 
that are larger, such as gravels and cobbles, and more cohesive, such as clays, are 
more resistant.   

 Channel geometry and slope. The magnitude of applied shear stress on the 
channel boundary for a given flow is dependent on both cross section geometry 
and longitudinal slope. The width to depth ratio of the channel will influence 
how shear stresses increase with increasing flows (e.g. with other factors such as 
slope and bottom and side slope materials the same, deep, narrow channels will 
experience higher shear stresses for a given flow than a more shallow, wider 
channel of similar cross-sectional area).  Incised channels may also have banks 
which are close to or above the critical height for stability (a function of bank 
angle and degree of cohesion, in addition to height).   

 Sediment supply. Sediment-starved or “hungry” water can lead to channel 
degradation and instability.  Land development can cause a reduction in the 
amount of sediment delivered to a stream system by trapping sediment in 
detention facilities and/or removing sediment supply by mass grading, 
compaction, landscaping, and paving.  In the tectonically active region of 
Southern California, many streams are naturally transport-limited, meaning the 
rate that sediment is supplied to the stream network is greater than the in-stream 
sediment transport capacity.  If the sediment supply is reduced to a level less 
than the transport capacity, then the stream becomes supply-limited and 
susceptible to excess in-stream erosion due to sediment supply reductions.   

 Flow regime. Reduced infiltration  and interception storage capacity associated 
with impervious surfaces and soil compaction result in increased magnitude and 
frequency of surface runoff.  Furthermore, ephemeral/intermittent streams in 
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Figure 2.1: LID BMP Selection Flow Chart 
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If BMPs cannot be sized to provide the calculated volume for the tributary area, it is still 
essential to design the BMP inlet, energy dissipation, and overflow capacity for the full tributary 
area to ensure that flooding and scour is avoided. It is strongly recommended that BMPs which 
are designed to less than their target design volume be designed to bypass peak flows. 

2.7.4. Alternative Compliance Options for Applicable Green Streets Projects 

Applicable Green Streets projects are not required to meet alternative compliance options if 
stormwater management controls described in this section, or equivalent, are installed in a 
manner consistent with the MEP standard. 

Alternative compliance programs should be considered for applicable Green Streets projects if 
on-site green infrastructure approaches cannot practicably treat the design volume. The primary 
alternative compliance option for applicable Green Streets projects is the completion of off-site 
mitigation projects.  The proponent would implement a project to reduce stormwater pollution 
for other portions of roadway or similar land uses to the project in the same hydrologic unit, 
ideally as close to the project as possible and discharging to the same outfall.  
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planning objectives such as providing traffic-calming measures and promoting walkable and 
healthy communities. 

3.2.1.1. Limit Overall Coverage of Paving and Roofs  

This can be accomplished by designing compact, taller structures, narrower and shorter streets 
and sidewalks, smaller parking lots (fewer stalls, smaller stalls, and more efficient drive lanes), 
and indoor or underground parking. Examine site layout and circulation patterns and identify 
areas where landscaping can be substituted for pavement. 

3.2.1.2. Detain and Retain Runoff Throughout the Site 

On flatter sites, it typically works best to intersperse landscaped areas and integrate small scale 
retention practices among the buildings and paving. On hillside sites, drainage from upper 
areas may be collected in conventional catch basins and piped to landscaped areas and BMPs in 
lower areas. Or use low retaining walls to create terraces that can accommodate BMPs. 

3.2.1.3. Example Planning Phase Techniques 

• Build vertically rather than horizontally - add floors to minimize building footprint. 
• Cluster development to reduce requirements for roads and preserve green space. 
• Minimize lot setbacks (which in turn minimize driveway lengths). 
• Reduce road widths to minimum necessary for emergency vehicles. 
• Utilize shared driveways. 

3.2.1.4. Example Design Phase Techniques 

• Install sidewalks on only one side of private roadways to the extent allowed by 
accessibility requirements. 

• Use alternative materials such as permeable paving blocks or porous pavements on 
driveways, sidewalks, parking areas, etc. Practices should be selected such that they do 
not present health and safety hazards, such as tripping hazards. 

• Create smaller parking spaces intended for compact cars. 

3.2.1.5. Example Construction Phase Techniques 

• Minimize unnecessary compaction where possible. The infiltrative capacity of soils can 
be greatly reduced when they are compacted, often to the point that they perform 
similarly to impervious surfaces. Where possible, remediate compacted soils. 

• Minimize construction footprint. 
• Preserve existing vegetable and trees as feasible. 
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3.2.2. Maximize Natural Infiltration Capacity 

A key component of LID is taking advantage of a site’s natural infiltration and storage capacity. 
This will limit the amount of runoff generated, and therefore the need for mitigation BMPs. A 
site soils/geology assessment will help to define areas with higher potential for infiltration and 
surface storage. 

These areas are typically characterized by: 

• Principally Hydrologic Soil Group A or B soils and in some cases Group C soils. 
• Mild slopes or depressions. 
• Historically undeveloped areas. 

3.2.2.1. Example Planning Phase Techniques 

• Avoid placing buildings or other impervious surfaces on highly permeable areas. 
• Cluster buildings and other impervious areas onto the least permeable soils. 

3.2.2.2. Example Design Phase Techniques 

• Where paving of permeable soils cannot be avoided, loss of infiltration capacity can be 
minimized by using permeable paving materials. 

3.2.2.3. Example Construction Phase Techniques 

• Minimize construction footprint. 
• Minimize incidental and unnecessary compaction where it is not necessary to meet the 

applicable grading code requirements. 

3.2.3. Preserve Existing Drainage Patterns and Time of Concentration 

Integrating existing drainage patterns into the site plan will help maintain a site’s 
predevelopment hydrologic function. Preserving existing drainage paths and depressions will 
help maintain the time of concentration and infiltration rates of runoff, decreasing peak flows. 
The best way to define existing drainage patterns is to visit the site during a rain event and to 
directly observe runoff flowing over the site. If this is impossible, drainage patterns can be 
inferred from topographic data, though it should be noted that depression micro-storage 
features are often not accurately mapped in topographic surveys. Analysis of the existing site 
drainage patterns during the site assessment phase of the project can help to identify the best 
locations for buildings, roadways, and stormwater BMPs. 

Where possible, add additional depression “micro” storage throughout the site’s landscaping 
that mimics natural drainage patterns. Mild gradients can be used to extend the time of 
concentration, which reduces peak flows and increases the potential for additional infiltration. 
While risk of serious flooding must be minimized, the persistence of temporary “puddles” 
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A four zone system has been developed to create a maximum buffer around structures located 
in high risk wildfire zones. Each zone has very specific landscaping and management 
requirements to minimize flammability of the landscape. The four zones are broken down as 
follows: 

• Zone One – The garden or clean and green zone 
• Zone Two – The greenbelt or reduced fuel zone 
• Zone Three – The transition zone 
• Zone Four – Native or Natural Zone / Open Space 

The landscape plant selection and design for any bioretention or re-vegetation project should be 
compliant with the requirements of the specific zone in which it will be located. For assistance 
in determining the correct zone plant selection and spacing, contact your local fire department 
or insurance company for assistance. 

3.3.5. Xeriscape Landscaping 

As water use, the frequency of drought, and the impact of organic waste generated from 
landscape management increases in California, methods to deal with these problems have been 
developed. The concept of xeriscape was originally developed by the Denver Water 
Department in 1978. The word was coined by combining the Greek word xeros ("dry") with 
landscape. Since 1978, the xeriscape has become a widely-accepted alternative to traditional 
landscape design in dry areas.  

Xeriscape landscaping is a landscape design and plant selection scheme that is used to minimize 
required resources and waste generated from a landscape. Defined as “quality landscaping that 
conserves water and protects the environment” the principles of xeriscape should be employed 
in any project that creates or restores the landscape. Consulting local resources, such as your 
local county extension agent, Master Gardeners, Landscape Architects, or local garden centers 
and nurseries, will help to select plant material suitable for a specific geographic location. 

Xeriscape landscaping is based on seven principles: 

• Soil analysis 
• Planning and design 
• Appropriate plant selection 
• Practical turf areas 
• Efficient irrigation 
• Use of mulches 
• Appropriate maintenance 

Xeriscape landscaping has many benefits which include: 

• Reduced water use 
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3.5.1.2. Example Construction Phase Techniques 

• Minimize the size of construction easements. 
• Locate material storage areas and stockpiles within the development envelope. 
• Limit ground disturbance outside of areas that require grading. 
• Identify and clearly delineate access routes for the movement of heavy equipment. 
• Establish and delineate vegetation and soil protection areas. 

Additional techniques for minimizing disturbance and protecting or restoring site conditions 
during construction phase include: 

Establish Vegetation and Soil Protection Areas 

Vegetative protection areas (e.g. stream, river, lake and other watercourse buffers, vegetation 
protection areas, existing trees) should be clearly delineated with highly visible fencing 
materials to prevent incursion of equipment or the stockpiling of materials during construction. 
Tree trunks should be sheathed during construction to prevent or minimize damage to the bark. 

Use of Mulch and Load Distributing Matting 

Mulch blankets can be used to protect soil from compaction during construction. The use of 
timbers or other types of load distributing materials can also be used to limit the effect of heavy 
equipment movement on the site. 

Pre / Post Construction Soil and Plant Treatments 

Consideration should be given to pre-construction treatment of the soil to mitigate the stresses 
on existing shrubs and trees. This can include soil aeration and specific fertilization protocols 
that would encourage plant vitality. A local restoration ecologist should be engaged well in 
advance of the start of construction to develop a plan based on specific site conditions since 
some of these practices are carried out prior to construction. 

Inspection Guidelines and Procedures 

Management of soil, water, and vegetation protection measures during the construction process 
will only be effective if it is carefully implemented and meticulously policed during all phases 
of construction. Significant damage can be done in a short timeframe, and the cost of damage 
remediation tends to be far greater than the cost of avoiding it. Areas intended for infiltration 
should be treated especially carefully. Avoid the use of heavy machinery or discharge of 
sediment-laden runoff in these areas.  Heavy machinery will compact the soils and fine grained 
materials in sediment will reduce the soil's infiltration capability. 

Techniques implemented on the construction site to minimize the construction footprint should 
be included in the project documentation. Contractors working on the project should review 
and agree to comply with them while working on the jobsite. Construction site inspections 
should include inspection of such protocols to ensure they are maintained throughout 
construction. 

















TECHNICAL GUIDANCE DOCUMENT 
 

 4-7 December 20, 2013 

Table 4.2 Relative Treatment Performance Ratings of Biotreatment BMPs 
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Bioretention system 

• Particulate Settling 
• Size Exclusion 
• Inert Media Filtration 
• Sorption/Ion Exchange 
• Microbial Competition/Predation 
• Biological Uptake  
• Volume loss (via infiltration, ET) 

H L L H M H M H 

Bioretention system with internal 
water storage zone and nutrient 
sensitive media design 

Bioretention UOPs, plus: 
• Microbially Mediated Transformations (if 

designed with internal water storage zone) 
H M M H M H M H 

Dry extended detention basin 

• Particulate Settling 
• Size Exclusion 
• Floatable Capture 
• Vegetative Filtration (with low-flow channel) 
• Volume loss (via infiltration, ET) 

M L M M L M L H 

Dry extended detention basin with 
vegetated sand filter outlet structure 

Dry extended detention basin UOPs, plus: 
• Inert Media Filtration H L M M M M L H 

Vegetated Swale 
• Vegetative Filtration 
• Sorption/Ion Exchange 
• Volume loss (via infiltration, ET) 

M L L M L M M M 

Vegetated Filter Strip 
• Vegetative Filtration 
• Sorption/Ion Exchange 
• Volume loss (via infiltration, ET) 

M L L M L M M L 
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Table 4.2 Relative Treatment Performance Ratings of Biotreatment BMPs 

Unit Operations and Process 
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Wet detention basins and 
constructed stormwater wetlands 

• Particulate Settling 
• Size Exclusion 
• Floatable Capture 
• Sorption/Ion Exchange 
• Microbially Mediated Transformations 
• Microbial Competition/Predation 
• Biological Uptake 
• Solar Irradiation 
• Volume loss (via infiltration, ET) 

H M M M M H M H 

Proprietary Biotreatment and 
Treatment Control 

• Varies by product. 

Expected performance should be based on 
evaluation of unit processes provided by BMP and 
available testing data. Testing data should be 
evaluated based primarily on the effluent quality 
achieved by the BMP and the ability of the BMP to 
provide statistically significant removal under 
average conditions. Percent removal alone should 
not be used to evaluate the performance of 
proprietary BMPs (See Wright Water Engineers and 
Geosyntec Consultants, 2007). The basis for 
determining the rating of proposed proprietary BMPs 
must be documented in the Project WQMP. 
Approval is based on the discretion of the reviewing 
agency. Product-specific rankings may be published 
in the Technical Guidance Document at a later date. 
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Table 4.4 Pollutants Addressed by Unit Operations and Processes 
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Volume Loss (via Infiltration and ET) X X X X X X X X  
Particulate Settling (Density separation) X X       X 
Size exclusion (trash racks, outlet structures. Media filtration) X X       X 
Floatable Capture (Density separation -outlet structures designed to 
remove floatables)       X  X 
Vegetative Filtration X X     X  X 
Inert Media Filtration X X   X1 X X  X 
Sorption/Ion Exchange within media or soils    X X  X X  
Microbially Mediated Transformation (oxidation, reduction, or facultative 
processes)   X X X  X X  

Microbial Competition/ Predation      X    

Biological Uptake   X X X X X X  

Solar Irradiation      X  X  
1 – Inert media filters (i.e. sand) in fact have shown the ability to remove dissolved constituents either after they have been “seasoned” (i.e. organics have built up 
in the media) or they contain specialized inorganic media (e.g., iron coated sand) which can result in dissolved metals removals. 

Principal Source 
Strecker, E.W., W.C Huber, J.P. Heaney, D. Bodine, J.J. Sansalone,  M.M. Quigley, D. Pankani, M. Leisenring, and P. Thayumanavan, “Critical assessment of Stormwater Treatment and 

Control Selection Issues.”  Water Environment Research Federation, Report No. 02-SW-1.  ISBN 1-84339-741-2.  290pp 
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SECTION 5. HYDROMODIFICATION CONTROL DESIGN 

5.1. Introduction 

This section describes methods of designing systems to address HCOCs.  HCOCs are defined 
differently in the North and South Orange County permits and therefore different approaches 
are required for designing systems to address HCOCs.  Hydromodification control refers to the 
methods used to address HCOCs and in the context of this TGD, the term hydromodification is 
interchangeable with HCOCs. 

5.2. Hydromodification Control Concepts 

The physical response of stream channels to changes in catchment runoff and sediment yield 
caused by land use modifications is referred to as hydromodification.  Unless managed, 
hydromodification can cause channel erosion, migration, or sedimentation, as well as biologic 
impacts to streams. Such impacts may be associated with impairment of beneficial uses and 
degradation of stream condition. 

Control approaches have evolved over time, with efforts first focused on managing peak flows 
and then on matching the peak, volume, and timing of an event hydrograph.  The current 
understanding is that the long term frequency, magnitude, and durations of the range of 
sediment transporting flows needs to be managed.  This can be accomplished through the use of 
structural BMPs designed to control the duration, frequency, and magnitude of the entire 
hydrograph from the project (i.e., flow duration control).  In-stream measures, such as grade 
control structures, can also be used to prevent excess erosion due to increased flow durations.  
In-stream measures are desirable where stream channels are already degraded due to 
hydromodification caused by existing development. 

There are various alternatives for siting hydromodification control measures, including on-site, 
regional, and in-stream (described later in this section); each of which has advantages and 
disadvantages. The choice of control measure siting will be strongly determined by site-specific 
considerations, including existing stream conditions, local development patterns, permitting 
requirements, and future growth plans.   

Control measure sizing is also highly influenced by local characteristics including rainfall, 
climate, soils, topography, geology, and stream type. These factors determine the extent to 
which development changes the natural hydrologic processes and the potential for stream 
impacts.  Therefore, hydromodification management requires a suite of strategies that are 
tailored to local circumstances and stream conditions.   

Maintenance is key to sustaining the performance of hydromodification control measures and 
these concerns will factor into decisions on control measure siting and the implementation of 
easements or maintenance agreements between municipalities and property owners.  Local 
jurisdictions may reject or require that a proposed hydromodification control measure be 
modified in order to ensure that control measures can be reasonably maintained. 
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Figure 5.1. North Orange County Hydromodification Design Process 

 

The compliance point for assessment of pre- and post-development runoff volume and time of 
concentration is located where runoff leaves the project site.  However, the project proponent 
may use this same assessment technique for a point of compliance further downstream as part 
of a geomorphically-based project-specific evaluation of whether the project will adversely 

On-site and Off-site Stormwater Design
Entering hydromodification control design process, designs may 

include on-site and/or off-site controls, including retention, 
biotreatment, and treatment control BMPs
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5.5.3.3. Bed and Bank Reinforcement 

Channel reinforcement serves to increase bed and bank resistance to stream flows. In addition 
to conventional techniques such as riprap and concrete, a number of vegetated approaches are 
increasingly utilized, including products such as vegetated reinforcement mats.  This 
technology provides erosion control with an open-weave material that stabilizes bed and bank 
surfaces and allows for re-establishment of native plants, which serves to further increase 
channel stability. 
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N2 Activity Restrictions 

If a POA is formed, conditions, covenants and restrictions (CCRs) must be prepared by the 
developer for the purpose of surface water quality protection. An example would be not 
allowing car washing outside of established community car wash areas in multi-unit complexes. 
Alternatively, use restrictions may be developed by a building operator through lease terms, 
etc. These restrictions must be included in the Project WQMP. 

N3 (SC-73) Common Area Landscape Management 

Identify on-going landscape maintenance requirements that are consistent with those in the 
County Water Conservation Resolution (or city equivalent) that include fertilizer and/or 
pesticide usage consistent with Management Guidelines for Use of Fertilizers (DAMP Section 
5.5). Statements regarding the specific applicable guidelines must be included in the Project 
WQMP. 

N4 BMP Maintenance 

The Project WQMP shall identify responsibility for implementation of each non-structural BMP 
and scheduled cleaning and/or maintenance of all structural BMP facilities. 

N5 Title 22 CCR Compliance 

Compliance with Title 22 of the California Code of Regulations (CCR) and relevant sections of 
the California Health & Safety Code regarding hazardous waste management is enforced by 
County Environmental Health on behalf of the State. The Project WQMP must describe how the 
development will comply with the applicable hazardous waste management section(s) of Title 
22. 

N6 Local Water Quality Permit Compliance 

The Permittees, under the Water Quality Ordinance, may issue permits to ensure clean 
stormwater discharges from fuel dispensing areas and other areas of concern to public 
properties. 

N7 (SC-11) Spill Contingency Plan 

A Spill Contingency Plan is prepared by building operator  or occupants for use by specified 
types of building or suite occupancies.  The Spill Contingency Plan describes how the occupants 
will prepare for and respond to spills of hazardous materials.  Plans typically describe 
stockpiling of cleanup materials, notification of responsible agencies, disposal of cleanup 
materials, documentation, etc. 

N8 Underground Storage Tank Compliance 

Compliance with State regulations dealing with underground storage tanks, enforced by 
County Environmental Health on behalf of State. 
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N9 Hazardous Materials Disclosure Compliance 

Compliance with Permittee ordinances typically enforced by respective fire protection agencies 
for the management of hazardous materials. The Orange County, health care agencies, and/or 
other appropriate agencies (i.e., Department of Toxics Substances Control) are typically 
responsible for enforcing hazardous materials and hazardous waste handling and disposal 
regulations. 

N10 Uniform Fire Code Implementation 

Compliance with Article 80 of the Uniform Fire Code enforced by fire protection agency. 

N11 (SC-60) Common Area Litter Control 

For industrial/commercial developments and for developments with POAs, the owner/POA 
should be required to implement trash management and litter control procedures in the 
common areas aimed at reducing pollution of drainage water. The owner/POA may contract 
with their landscape maintenance firms to provide this service during regularly scheduled 
maintenance, which should consist of litter patrol, emptying of trash receptacles in common 
areas, and noting trash disposal violations by tenants/homeowners or businesses and reporting 
the violations to the owner/POA for investigation. 

N12 Employee Training 

Education program (see N1) as it would apply to future employees of individual businesses. 
Developer either prepares manual(s) for initial purchasers of business site or for development 
that is constructed for an unspecified use makes commitment on behalf of POA or future 
business owner to prepare. An example would be training on the proper storage and use of 
fertilizers and pesticides, or training on the implementation of hazardous spill contingency 
plans. 

N13 (SD-31) Housekeeping of Loading Docks 

Loading docks typically found at large retail and warehouse-type commercial and industrial 
facilities should be kept in a clean and orderly condition through a regular program of 
sweeping and litter control and immediate cleanup of spills and broken containers. Cleanup 
procedures should minimize or eliminate the use of water if plumed to the storm sewer. If wash 
water is used, it must be disposed of in an approved manner and not discharged to the storm 
drain system. If there are no other alternatives, discharge of non-stormwater flow to the sanitary 
sewer  must be at an acceptable discharge point such as a cleanout, oil/water separator, grease 
interceptor, or industrial sewer connection.  All sewer discharges shall be in accordance with 
the Orange County Sanitation District’s Wastewater Discharge Regulations and/or Washwater 
Disposal Guidelines. 

. 
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1. Provide stenciling or labeling of all storm drain inlets and catch basins, constructed or 
modified, within the project area with prohibitive language (such as: “NO DUMPING-
DRAINS TO OCEAN”) and/or graphical icons to discourage illegal dumping. 

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

3. Maintain legibility of stencils and signs. 
 

See CASQA Stormwater Handbook BMP Fact Sheet SD-13 for additional information.  

S2  (SD-34)  Design Outdoor Hazardous Material Storage Areas to Reduce 
Pollutant Introduction 

Improper storage of materials outdoors may increase the potential for toxic compounds, oil and 
grease, fuels, solvents, coolants, wastes, heavy metals, nutrients, suspended solids, and other 
pollutants to enter the municipal storm drain system. Where the plan of development includes 
outdoor areas for storage of hazardous materials that may contribute pollutants to the 
municipal storm drain system, or include transfer areas where incidental spills often occur, the 
following stormwater BMPs are required: 

1. Hazardous materials with the potential to contaminate urban runoff shall either be: (1) 
placed in an enclosure such as, but not limited to, a cabinet, shed, or similar structure 
that prevents contact with storm water or spillage to the municipal storm drain system; 
or (2) protected by secondary containment structures (not double wall containers) such 
as berms, dikes, or curbs. 

2. The storage area shall be paved and sufficiently impervious to contain leaks and spills. 
3. The storage area shall have a roof or awning to minimize direct precipitation and 

collection of stormwater within the secondary containment area. 
4. Any stormwater retained within the containment structure must not be discharged to 

the street or storm drain system. 
5. Location(s) of installations of where these preventative measures will be employed must 

be included on the map or plans identifying BMPs. 
 

See CASQA Stormwater Handbook Section 3.2.6 and BMP Fact Sheet SD-34 for additional 
information.  

S3 (SD-32) Design Trash Enclosures to Reduce Pollutant Introduction 

Design trash storage areas to reduce pollutant introduction. All trash container areas shall meet 
the following requirements (limited exclusion: detached residential homes): 

1. Paved with an impervious surface, designed not to allow run-on from adjoining areas, 
designed to divert drainage from adjoining roofs and pavements diverted around the 
area, screened or walled to prevent off-site transport of trash; and 

2. Provide solid roof or awning to prevent direct precipitation. 



TECHNICAL GUIDANCE DOCUMENT 
 

 6-6 December 20, 2013 

Connection of trash area drains to the municipal storm drain system is prohibited. 

Potential conflicts with fire code and garbage hauling activities should be considered in 
implementing this source control. 

See CASQA Stormwater Handbook Section 3.2.9 and BMP Fact Sheet SD-32 for additional 
information.  

S4 (SD-12)  Use Efficient Irrigation Systems and Landscape Design 

Projects shall design the timing and application methods of irrigation water to minimize the 
runoff of excess irrigation water into the municipal storm drain system. (Limited exclusion: 
detached residential homes.) The following methods to reduce excessive irrigation runoff shall 
be considered, and incorporated on common areas of development and other areas where 
determined applicable and feasible by the Permittee: 

1. Employing rain shutoff devices to prevent irrigation after precipitation. 
2. Designing irrigation systems to each landscape area’s specific water requirements. 
3. Using flow reducers or shutoff valves triggered by a pressure drop to control water loss 

in the event of broken sprinkler heads or lines. 
4. Implementing landscape plan consistent with County Water Conservation Resolution or 

city equivalent, which may include provision of water sensors, programmable irrigation 
times (for short cycles), etc. 

5. The timing and application methods of irrigation water shall be designed to minimize 
the runoff of excess irrigation water into the municipal storm drain system. 

6. Employing other comparable, equally effective, methods to reduce irrigation water 
runoff. 

7. Group plants with similar water requirements in order to reduce excess irrigation runoff 
and promote surface filtration. Choose plants with low irrigation requirements (for 
example, native or drought tolerant species). Consider other design features, such as: 

• Use mulches (such as wood chips or shredded wood products) in planter areas 
without ground cover to minimize sediment in runoff. 

• Install appropriate plant materials for the location, in accordance with amount of 
sunlight and climate, and use native plant material where possible and/or as 
recommended by the landscape architect. 

• Leave a vegetative barrier along the property boundary and interior 
watercourses, to act as a pollutant filter, where appropriate and feasible. 

• Choose plants that minimize or eliminate the use of fertilizer or pesticides to 
sustain growth. 
 

Irrigation practices shall comply with local and statewide ordinances related to irrigation 
efficiency.  
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2. Equipped with a wash racks, and with the prior approval of the sewerage agency (Note: 
Discharge monitoring may be required by the sewerage agency). 

3. Equipped with a clarifier or other pretreatment facility. 
4. If there are no other alternatives, discharge of non-stormwater flow to the sanitary sewer 

may be considered only allowed by the local sewerage agency through permitted 
connection. Alternately, non-storm water discharges may require a separate NPDES 
permit in order to discharge to the MS4.  Some local jurisdictions also have permitting 
systems in place for these situations. 

5. Other features which are comparable and equally effective that prevent unpermitted 
discharges, to the municipal storm drain system. 

See CASQA Stormwater Handbook Sections 3.2.7 and 3.2.10 and Fact Sheet SD-33 for additional 
information. 

S9  (SD-36) Outdoor Processing Areas 

Outdoor process equipment operations, such as rock grinding or crushing, painting or coating, 
grinding or sanding, degreasing or parts cleaning, landfills, waste piles, and wastewater and 
solid waste handling, treatment, and disposal, and other operations determined to be a 
potential threat to water quality by the Permittee shall adhere to the following requirements. 

1. Cover or enclose areas that would be the sources of pollutants; or, slope the area toward 
a sump that will provide infiltration or evaporation with no discharge; or, if there are no 
other alternatives, discharge of non-stormwater flow to the sanitary sewer may be 
considered only allowed by the local sewerage agency through permitted connection.  

2. Grade or berm area to prevent run-on from surrounding areas. 
3. Installation of storm drains in areas of equipment repair is prohibited. 
4. Other features which are comparable or equally effective that prevent unpermitted 

discharges to the municipal storm drain system. 
5. Where wet material processing occurs (e.g. Electroplating), secondary containment 

structures (not double wall containers) shall be provided to hold spills resulting from 
accidents, leaking tanks or equipment, or any other unplanned releases (Note: If these 
are plumbed to the sanitary sewer, the structures and plumbing shall be in accordance 
with Section 7.II - 8, Attachment D, and with the prior approval of the sewerage agency). 
Design of secondary containment structures shall be consistent with “Design of Outdoor 
Material Storage Areas to Reduce Pollutant Introduction”. 

Some of these land uses (e.g. landfills, waste piles, wastewater and solid waste handling, 
treatment and disposal) may be subject to other permits including Phase I Industrial Permits 
that may require additional BMPs. 

See CASQA Stormwater Handbook Section 3.2.5 for additional information. 
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S10  Equipment Wash Areas 

Outdoor equipment/accessory washing and steam cleaning activities shall use the following:  

1. Be self-contained or covered with a roof or overhang.  
2. Design an equipment wash area drainage system to capture all wash water. Provide 

impermeable berms, drop inlets, trench catch basins, or overflow containment structures 
around equipment wash areas to prevent wash -down waters from entering the storm 
drain system. Connect drains to a sump for collection and disposal. Discharge from 
equipment wash areas to the municipal storm drain system is prohibited. If there are no 
other alternatives, discharge of non-stormwater flow to the sanitary sewer may be 
considered, but only when allowed by the local sewerage agency through a permitted 
connection. 

3. Other comparable or equally effective features that prevent unpermitted discharges to 
the municipal storm drain system. 

S11 (SD-30) Fueling Areas 

Fuel dispensing areas shall contain the following: 

1. At a minimum, the fuel dispensing area must extend 6.5 feet (2.0 meters) from the corner 
of each fuel dispenser, or the length at which the hose and nozzle assembly may be 
operated plus 1 foot (0.3 meter), whichever is less. 

2. The fuel dispensing area shall be paved with Portland cement concrete (or equivalent 
smooth impervious surface). The use of asphalt concrete shall be prohibited. 

3. The fuel dispensing area shall have an appropriate slope (2% - 4%) to prevent ponding, 
and must be separated from the rest of the site by a grade break that prevents run-on of 
stormwater. 

4. An overhanging roof structure or canopy shall be provided. The cover’s minimum 
dimensions must be equal to or greater than the area of the fuel dispensing area in the 
first item above. The cover must not drain onto the fuel dispensing area and the 
downspouts must be routed to prevent drainage across the fueling area. The fueling area 
shall drain to the project’s Treatment Control BMP(s) prior to discharging to the 
municipal storm drain system. 

See CASQA Stormwater Handbook Section 3.2.11 and BMP Fact Sheet SD-30 for additional 
information. 

S12 (SD-10) Site Design and Landscape Planning (Hillside Landscaping) 
Hillside areas that are disturbed by project development shall be landscaped with deep-rooted, 
drought tolerant plant species selected for erosion control, satisfactory to the local permitting 
authority. 
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Volume, DCV) by at least 5 percent.  In this case, the controlling stormwater design volume 

is the difference in the 2-year runoff volume (delta 2-year volume). 

Delta 2-yr volume > DCV = WQDV 

Design approach: design BMPs to retain the delta 2-yr volume.  This will generally 

address all other applicable sizing criteria. 

Alternate path: If full retention of the delta 2-yr volume is not feasible and a treated 

discharge is required, then select a biotreatment BMP to address pollutants of 

concern, and design it to treat the remaining DCV to the MEP. Design the 
biotreatment BMP with sufficient storage volume and hydraulic controls to match 

the peak flow from the 2-year storm to within 10 percent of the pre-project peak. 

2. DCV-controlled. This condition applies to projects that do not have susceptible 
receiving waters, do not increase imperviousness, or increase imperviousness slightly 

such that the DCV is more than 95 percent of the delta 2-yr volume. In this case, the 

controlling stormwater design volume is the DCV. 

DCV = WQDV > Delta 2-yr volume 

Design approach:  design BMPs to retain the DCV. This will generally address all 

other applicable sizing criteria. 

Contingencies: If full retention is not possible, retain to the MEP, select a 

biotreatment BMP to address pollutants of concern, and design biotreatment for 

the remaining DCV to the MEP. Design the biotreatment BMP with sufficient 
volume and hydraulic controls to match the 2-year peak flow within 10 percent. 

3. Alternative Compliance. This condition applies to projects that cannot feasibly retain or 

biotreat the entire DCV and choose to participate in an in-lieu/off-site program for LID. 
In this case, the water quality design volume or flowrate (WQDV or WQDF) would 

control the ultimate sizing of BMPs provided upstream of the receiving water. 

WQDV > DCV achieved on-site > Delta 2-yr volume achieved on-site 

Design approach: After demonstrating the infeasibility of retaining or biotreating 

the DCV, claim water quality credits as applicable to project. Size treatment control 

BMPs, as necessary, to treat the remaining WQDV or WQDF not already addressed 

with retention and biotreatment BMPs or offset by water quality credits. Claim LID 

credit for volume that is treated in treatment control BMPs with medium or high 

effectiveness for all primary pollutants of concern. If treatment control BMPs do 
not provide M or H effectiveness for all primary pollutants and/or the cost of 

treatment control BMPs greatly outweighs pollution control benefit; participate in 

alternative compliance program for remaining LID and treatment control 
obligation. Provide off-site or in-stream controls to address HCOCs, if present. 
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Example III.2: Back-computing Storm Depth from Runoff Volume 

Given: 

 A drainage area consists of a 1 acre building roof surrounded by 0.25 acres of landscaping (80 

percent composite imperviousness) 

 An LID BMP with 1,200 cu-ft of storage is provided. 

Required:   

 What is the equivalent design storm corresponding to this BMP volume? 

Result:  

1) From Equation 2.2:   d = V × 12 in/ft/[C × A × 43560 sf/ac] 

2) V = 1,200 cu-ft (given) 

3) C = (0.8×0.75 + 0.15) = 0.75  

4) A = 1.25 ac 

5) d = 1,200 cu-ft × 12 in/ft / [ 0.75 × 1.25 ac × 43560 sf/ac ] =  0.35 inches 

 

III.1.2. Simple Method Runoff Coefficient for Flow-based BMP Sizing 

This hydrologic method shall be used to calculate the runoff flowrate associated with a water 

quality design storm intensity. Design flow calculations for flow-based BMPs should be 

calculated as: 

Q = C × i × A         Equation III.3 

Where: 

Q = design flowrate, cfs 

C = runoff coefficient = (0.75 × imp + 0.15) 

imp = impervious fraction of drainage area (ranges from 0 to 1) 

i = design intensity (inches) 

A = tributary area (acres) 

 

Note: the tributary area includes the portions of the drainage area within the project and any 

run-on from off-site areas that comingles with project runoff.  

III.1.3. Sizing and Accounting for Hydrologic Source Controls (HSCs) 

The effects of HSCs are accounted for in hydrologic calculations as an adjustment to the storm 

depth used in the calculations described above. Adjustments to design storm depth are based 

on the type and magnitude of HSCs employed for the drainage area.  This section provides 
guidance for both elements of this calculation. 
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Figure III.2. Capture Efficiency Nomograph for Constant Drawdown Systems in Orange County 
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Figure III.3. Capture Efficiency Nomograph for Harvest and Use Systems with Irrigation Demand in Orange County  
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Figure III.4. Capture Efficiency Nomograph for Off-line Flow-based Systems in Orange County 
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Worksheet F: Determining Capture Efficiency of a Flow-based BMP based on Treatment 
Capacity 

Graphical Operations 

 
 

Provide supporting graphical operations. 
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III.6. Technical Basis for Capture Efficiency-based Performance Criterion 

The purpose of this section is to provide the technical basis for the capture efficiency-based 

expression of the DCV used in throughout the Technical Guidance Document (TGD) and the 

calculation methods described in the sections above.  

III.6.1. Introduction 

Every stormwater BMP can be conceptualized as having a storage volume and a treatment rate, 

in various proportions. Both are important in the long-term performance of the BMP under a 

range of actual storm patterns, depths, and inter-event times.  Long-term performance is 

measured by the operation of a BMP over the course of multiple years, and provides a more 

complete metric than the performance of a BMP during a single event, which does not take into 

account antecedent conditions, including multiple storms arriving in short timeframes. A BMP 

that draws down more quickly would be expected to capture a greater fraction of overall runoff 

(i.e. long-term runoff) than an identically sized BMP that draws down more slowly.  This is 

because storage is made available more quickly, so subsequent storms are more likely to be 

captured by the BMP. In contrast a BMP with a long drawdown time would stay mostly full, 

after initial filling, during throughout periods of sequential storms. The volume in the BMP that 

draws down more quickly is more “valuable” in terms of long term performance than the 

volume in the one that draws down more slowly.  In the case of flow-based BMPs, the storage 

volume is typically not substantial, however it is recognized that flow-based BMPs can achieve 

high long term capture efficiencies by treating stormwater essentially as it arrives. A method is 

needed to relate the long-term performance of BMPs to their design attributes so that a common 

grounds for comparison and “addition” of the benefit of different BMPs is possible.   

The permit definition of the LID DCV does not specify a drawdown time, therefore the 

definition is not a complete indicator of a BMP's level of performance.  An accompanying 

performance-based expression of the LID sizing standard is essential to ensure uniformity of 

performance across a broad range of BMPs and helps prevents LID BMP designs from being 

used that would not be effective.  

III.6.2. Development of Capture Efficiency-based Performance Criterion 

An evaluation of the relationships between BMP design parameters and expected long term 

capture efficiency has been conducted to address the needs identified above. Relationships have 

been developed through a simplified continuous simulation analysis of precipitation, runoff, 

and routing, that relate BMP design volume and storage recovery rate (i.e., drawdown time) to 

an estimated long term level of performance.  

Based on these relationships, it has been demonstrated that a BMP sized for the runoff volume 

from the 85th percentile, 24-hour storm event (i.e., the DCV), which draws down in 48 hours is 

capable of managing approximately 80 percent of the average annual. There is long precedent 
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Table III.2: SWMM Simulation Input Parameters 

SWMM Parameters Units Values 

Period of Simulation years 22 yrs  (10/01/1987 to 10/01/2009) 

Wet time step seconds 600 

Wet/dry time step seconds 600 

Dry time step seconds 14,400 

Precipitation inches 
Hourly precipitation data from CIMIS Irvine Gage (#75)  

279 inches total in period of record 

Impervious Manning’s n  0.012 

Hypothetical drainage area  acres 1 

Shape  Rectangular, 250 ft flow path length  

Impervious fraction modeled  100%  

Slope ft/ft 0.05 

Evaporation inches 
Daily ET data from CIMIS Irvine Gage (#75)  1092 inches 

reference ETo total in period of record 

Depression storage, impervious   inches 
0.02, based on Table 5-14 in SWMM manual (James and 

James, 2000) 

Runoff coefficient used to 

convert precipitation depth to 

design volume 

unitless 0.90 

Design capture storm depth (85
th
 

percentile, 24-hour depth) 

calculated from Irvine Gage  

inches 0.95  

BMP Storage Volume cu-ft 

Varied over continuous range as discrete multipliers on 

design capture storm depth.   

Volume at 1.0 × DCV = 0.95 inches × 0.9 × 43,560 sq-ft 

× (1 ft/12 inches) = 3,100 cu-ft 

Drawdown Rate cfs 

Varied over continuous range to represent discrete 

drawdown times.  Q (cfs) = V(cu-ft) / Drawdown time (s) 

Drawdown rate @ 1.0 × DCV @ 48 hour drawdown time 

= 3,100 cu-ft / (48 hr × 3600 s/hr) = 0.018 cfs 

 

III.6.4. Detailed Results and Findings 

The resulting average annual capture efficiency (i.e., the fraction of average annual runoff that is 

captured and not immediately bypassed by the BMP) was extracted from model results for each 

model. The assumed impervious fraction of 100 percent is not important for this analysis 

because both runoff volume and modeled BMP volume have approximately linear dependency 

on impervious fraction.  

Because this analysis was done at one location in the County, a method is needed to scale these 

results to different precipitation zones.  Areas with larger design capture storm depths (85th 

percentile, 24-hour depth) should theoretically require larger BMPs for an identical 

configuration of tributary area and drawdown time. An analysis of several gages in Southern 
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Worksheet SOC-1: Calculating Provided Biofiltration Volume as a Fraction of Remaining 
DCV 

Step 1: Determine the remaining DCV 

1 Enter total DCV for the DMA (see Section III.1) DCV 
 

cu-ft 

2 
Enter the DCV that has already been retained in the DMA 
(either upstream of BMP or in sump below outlet of BMP)  

Vretained 
 

cu-ft 

3 
Enter the DCV that has already been retained (either 
upstream of BMP (such as by HSCs) or in sump below outlet 
of BMP) (Line 1 minus Line 2) 

DCVremain 
 

cu-ft 

Step 2: Compare pre-filter detention volume plus pore volume to remaining DCV 

4 

Enter BMP ponding volume based on proposed BMP design 
(for simple designs, multiple effective footprint area by ponding 
depth to estimate volume) 

Vpond 
 
cu-ft 

5 
Enter any additional pre-filter detention volume provided, such 
as in a cistern or tank.  

Vdetain 
 cu-ft 

6 

Enter BMP available pore space volume by multiplying soil 
and gravel volumes by respective available porosity. Available 
porosity should be estimated based on material properties. In 
general, available pore space of 0.2 for amended media and 
0.4 for open graded drain rock are considered to be 
reasonable. 

Vpores  cu-ft 

7 
Calculate total pre-filter detention plus pore volume  (add 
Lines 4 through 6) 

Vpond+pores  cu-ft 

8 
Calculate total pre-filter plus pore volume as fraction of 
remaining DCV (Line 7 divided by Line 3) 

  unitless 

9 
Does pre-filter detention plus pore volume greater than 0.75 of 
remaining DCV? Enter Y or N 

  Y or N 

Provide description of system and/or calculations justifying the volumes entered under Step 2.  
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2) Required BMP Volume (cubic feet) = (9,039 – (1,249 × 1.05) ) = 7,730 cu-ft 

Solution Steps: 

 

1) Open WinTR-55 and complete the “Project Identification” fields (Figure IV.1). 

 
Figure IV.1: WinTR-55 home screen 
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2) Under the “GlobalData” heading select “Storm Data" and select “Type 1” as the rainfall 

distribution type and enter 2.05” as the 2-year storm event (the project is below an elevation of 

2,000 feet.  The design storm would be 3.81” if the project was located above 2,000 feet.) (Figure 

IV.2).  Accept these changes and save the project. 

 
Figure IV.2: WinTR-55 Storm Data screen 
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3) From the home screen, select “Land Use Details” from the “ProjectData” heading, name the sub-

area, and select the radio button for “Arid Rangeland” to begin setting up the existing condition.  

Enter 1.8 acres for “Herbaceous - Fair Condition” under Hydrologic Soil Group B before selecting 

the “Urban Area” radio button and entering 0.2 acres under “Paved parking lots, roofs, and 

driveways,” again for Hydrologic Soil Group B (Figure IV.3).  The program will calculate an area 

weighted curve number.  Accept changes and return to the home screen. 

 
Figure IV.3: WinTR-55 Land Use Details screen 
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4) Select “Outlet” under the “Sub-area Flows to Reach/Outlet” pull-down menu. 

5) Under the “ProjectData” heading select “Time of Concentration Details" and enter lengths, slopes, 

and Manning’s roughness coefficients (if necessary) for relevant flow types (Figure IV.4).  Save 

the project. 

Figure IV.4: WinTR-55 Time of Concentration Details screen 
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6) Select the “Run” heading and ensure that the 2 year storm box is checked.  No other recurrence 

interval storm depths were entered and are therefore not an option (Figure IV.5). 

Figure IV.5: WinTR-55 Run Model screen 
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7) Peak discharge is provided in the “Hydrograph Peak/Peak Time Table” that appears following the 

completion of the model run.  Record the “Peak Discharge (cfs)” (Figure IV.6). 

Figure IV.6: WinTR-55 Hydrograph Peak/Peak Timetable screen 
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8) Within the “Hydrograph Peak/Peak Time Table” select the WinTR-20 pull-down menu and select 

“Printed Page File” to access the “WinTR-20 Printed Page File.” 

9) Scroll down to the page titled TR20.out and record the “Runoff Amount (in).”  Convert the rainfall 

runoff depth into acre feet (dividing by 12 inches/foot and multiplying by the total acreage).  

Record the total volume of runoff from the modeled area (Figure IV.7). 

Existing 2-yr Runoff volume = 0.172 inches × 2 acres × 43,560 sq-ft/ac × 1ft/12inches = 

1,249 cu-ft 

 

Figure IV.7: WinTR-20 Printed Page File screen 
 

 
 

10) From the same “WinTR-20 Printed Page File” select the time and rate of runoff values for the 

duration reported and transfer these values into a plotting program (i.e. Microsoft Excel®) (Figure 

IV.7).  Save Project, WinTR-20, and WinTR-55 outputs as records. 

11) Initiate a second WinTR-55 Project and complete steps 1 through 11 for the proposed scenario.  

Selection of land uses for the proposed condition shall be limited to options under the headings of 

“Fully Developed Urban Areas (Veg Estab.)” and “Impervious Area” (Figure IV.8).  Selected land 

uses should reflect the proposed percent impervious (i.e. 80% impervious would be represented 

by selecting 80% “Paved parking lots, roads, driveways” and 20% for the appropriate pervious 

condition by area). 
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Figure IV.9: Existing and proposed hydrographs 
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VII.3.4. Open Pit Falling Head Procedure  

The open pit falling head procedure is performed in an open excavation and therefore is a test 

of the combination of vertical and lateral infiltration. The tester and excavator should conduct 

all testing in accordance with OSHA regulations regarding open pit excavations. 

1. Excavate a hole with bottom dimensions of at least 2 feet by 4 feet into the native soil to 

the elevation 2 feet below the proposed facility bottom to account for amendment of 

soils under infiltration areas. If a smooth excavation bucket is used, scratch the sides and 

bottom of the hole with a sharp pointed instrument, and remove the loose material from 

the bottom of the test hole. The bottom of the hole should not be compacted and should 

be as level as possible. 

2. Fill the hole with clean water a minimum of 1 foot above the soil to be tested, and 

maintain this depth of water for at least 4 hours (or overnight if clay soils are present) to 

presoak the native material. In sandy soils with little or no clay or silt, soaking is not 

necessary. If after filling the hole twice with 12 inches of water, the water seeps 

completely away in less than 10 minutes, the test can proceed immediately.  

3. Determine how the water level will be accurately measured. The measurements should 

be made with reference to a fixed point. A lath placed in the test pit prior to filling or a 

sturdy beam across the top of the pit are convenient reference points.  

4. After the pre-saturation period, refill the hole with water to 12 inches above the soil and 

record the time. For deep holes, it may be necessary to use remote sensing equipment to 

accurately measure changes in water level. Alternative water head heights may be used 

for testing provided the presaturation height is adjusted accordingly and the water head 

height used in infiltration testing is 50 percent or less than the water head height in the 

proposed stormwater system during the design storm event. Measure the water level to 

the nearest 0.01 foot (⅛ inch) at 10-minute intervals for a total period of 1 hour (or 20-

minute intervals for 2 hours in slower soils) or until all of the water has drained. In faster 

draining soils (sands and gravels), it may be necessary to shorten the measurement 

interval in order to obtain a well-defined infiltration rate curve. Constant head tests may 

be substituted for falling head tests at the discretion of the professional overseeing the 

infiltration testing.  

5. Repeat the test. Successive trials should be run until the percent change in measured 

infiltration rate between two successive trials is minimal (<10 percent). The trial should 

be discounted if the infiltration rate between successive trials increases. At least three 

trials must be conducted. After each trial, the water level is readjusted to the 12 inch 

level. Record results. 

6. The average infiltration rate over the last trial should be used to calculate the unadjusted 

(pre-factor of safety) infiltration rate. The final rate must be reported in inches per hour.  

7. Upon completion of the testing, the excavation must be backfilled.  
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Figure VII.1. Photo of Single Ring Infiltrometer 
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Figure VII.2.  Single Ring Infiltrometer Construction 
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Figure VII.3.  Single Ring Infiltrometer Setup with Mariotte Tube 
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Figure VII.4. Sample Test Data Form for Single Ring Infiltrometer Test 
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Figure VII.5. Photo of Simple Double Ring Infiltrometer 

 

 

Figure VII.6.  Photo of Pre-fabricated Double Ring Infiltrometer  

 

(Photo courtesy of Turf-Tec International) 
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Figure VII.7. Mariotte Tube 
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Figure VII.8. Double Ring Infiltrometer Construction 
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Figure VII.9.  Double Ring Setup with Mariotte Tubes 

 

 

Figure VII.10. Double Ring Infiltrometer Set-up with Mariotte Tubes 

 

(Photo courtesy of Turf-Tec International) 
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Figure VII.11.  Double Ring Infiltrometer Set-up for Test at Basin Surface Elevation 

 

(Photo courtesy of Turf-Tec International) 
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Figure VII.12.  Sample Test Data Form for Double Ring Infiltrometer Test 
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Figure VII.14.  Well Permeameter Test Equipment 
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 Test Procedure 

Test hole shall be carefully filled with water to a depth equal to at least 5 times the hole’s radius 
(H/r>5) above the gravel at the bottom of the test hole prior to each test interval. 

 In sandy soils, when 2 consecutive measurements show that 6 inches of water seeps 
away in less than 25 minutes, the test shall be run for an additional hour with 
measurements taken every 10 minutes. Measurements shall be taken with a precision of 
0.25 inches or better. The drop that occurs during the final 10 minutes is used to 
calculate the percolation rate. Field data must show the two 25 minute readings and the 
six 10 minute readings.  

 In non-sandy soils, obtain at least twelve measurements per hole over at least six hours 
with a precision of 0.25 inches or better. From a fixed reference point, measure the drop 
in water level over a 30 minute period for at least 6 hours, refilling after every 30 minute 
reading. The total depth of the hole must be measured at every reading to verify that 
collapse of the borehole has not occurred. The drop that occurs during the final reading 
is used to calculate the percolation rate.  

Figure VII.15.  Test Pit for Shallow Percolation Test 

 

 

 

VII.3.8.2. Deep Percolation Test (10 - 40 feet)  

Test Preparation  
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1) Borehole diameter shall be either 6 inch or 8 inch only. No other diameter test holes will 
be accepted.  

2) The bottom elevation of the test hole shall correspond to the bottom elevation of the 
proposed basin (infiltration surface). Keep in mind that this procedure will require the 
test hole to be filled with water to a depth of at least 5 times the hole’s radius. 

3) The bottom of the test hole shall be covered with 2 inches of gravel.  

4) The sides of the hole shall remain undisturbed (not smeared) after drilling and any 
cobbles encountered left in place. Special care should be taken to avoid cave-in.  

5) Pre-soaking shall be used with this procedure. Invert a full 5 gallon bottle of clear water 
supported over the hole so that the water flow into the hole holds constant at a 
maximum depth of 4 feet below the surface of the ground or if grading cuts are 
anticipated, to the approximate elevation of the top of the basin but at least 5 times the 
hole’s radius (H/r > 5). Pre-soaking shall be performed for 24 hours unless the site 
consists of sandy soils containing little or no clay. If sandy soils exist as described below, 
the tests may then be run after a 2 hour pre-soak. However, to assure saturated 
conditions, testing must commence no later than 26 hours after all pre-soak water has 
percolated through the test hole. The “continuous pre-soak procedure” is not accepted. 
When sandy soils (as described below) are present, the test shall be run immediately.  

Figure VII.16.  Test Pit for Deep Percolation Test 
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Test Procedure  

Carefully fill the hole with clear water to a maximum depth of 4 feet below the surface of the 
ground or, if grading cuts are anticipated, to the approximate elevation of the top of the basin. 
However, at a minimum, the bore hole shall be filled with water to a depth equal to 5 times the 
hole’s radius (H/r>5). 

In sandy soils, when 2 consecutive measurements show that 6 inches of water seeps away in 
less than 25 minutes, the test shall be run for an additional hour with measurements taken every 
10 minutes. Measurements shall be taken with a precision of 0.25 inches or better. The drop that 
occurs during the final 10 minutes is used to calculate the percolation rate. Field data must 
show the two 25 minute readings and the six 10 minute readings.  

In non-sandy soils, the percolation rate measurement shall be made on the day following 
initiation of the pre-soak as described in Item #5 above. From a fixed reference point, measure 
the drop in water level over a 30 minute period for at least 6 hours, refilling after every 30 
minute reading. Measurements shall be taken with a precision of 0.25 inches or better. The total 
depth of hole must be measured at every reading to verify that collapse of the borehole has not 
occurred. The drop that occurs during the final reading is used to calculate the percolation rate.  

Figure VII.17. Photo of Percolation Test Pit.  

 

(Use of perforated PVC pipe is a variation.) 
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Figure VII.18.  Sample Test Data Form for Percolation Test 
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Example VII.1: Percolation Rate Conversion Example  

(Porchet Method, aka Inverse Borehole Method):  

The bottom of a proposed infiltration basin would be at 5.0 feet below natural grade. 

Percolation tests are performed within the boundaries of the proposed basin location with the 

depth of the test hole set at the infiltration surface level (bottom of the basin). The Percolation 

Test Data Sheet (Table 5) is prepared as the test is being performed. After the minimum 

required number of testing intervals, the test is complete. The data collected at the final interval 

is as follows:  

 Time interval, Δt = 10 minutes  Initial Depth to Water, D0 = 12.25 inches 

Final Depth to Water, Df = 13.75 inches  Total Depth of Test Hole, DT = 60 inches 
15Test Hole Radius, r = 4 inches  

The conversion equation is used:  

   
       

           
 

 “Ho” is the initial height of water at the selected time interval.  

Ho = DT - D0 = 60 – 12.25 = 47.75 inches  

“Hf” is the final height of water at the selected time interval.  

Hf = DT - Df = 60 - 13.75 = 46.25 inches  

“ΔH” is the change in height over the time interval.  

ΔH = ΔD = Ho - Hf = 47.75 – 46.25 = 1.5 inches  

“Havg” is the average head height over the time interval.  

Havg = (Ho +  Hf)/2 = (47.75 + 46.25)/2 = 47.0 inches  

“It” is the tested infiltration rate.  

   
       

           
  

         
      

  
       

                          
            

                                                      

15
 Where a rectangular test hole is used, an equivalent radius should be determined based on the actual 

area of the rectangular test hole (i.e., r = (A/π)
0.5

). 
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Table VII.4: Design Related Considerations for Infiltration Facility Safety Factors 

Consideration High Concern Medium Concern Low Concern 

Tributary area size Greater than 10 acres. 
Greater than 2 acres but 

less than 10 acres. 
2 acres or less. 

Level of 

pretreatment/ 

expected influent 

sediment loads 

Pretreatment from gross 

solids removal devices 

only, such as 

hydrodynamic 

separators, racks and 

screens AND tributary 

area includes 

landscaped areas, steep 

slopes, high traffic areas, 

or any other areas 

expected to produce 

high sediment, trash, or 

debris loads. 

Good pretreatment with 

BMPs that mitigate coarse 

sediments such as 

vegetated swales AND 

influent sediment loads 

from the tributary area are 

expected to be relatively 

low (e.g., low traffic, mild 

slopes, disconnected 

impervious areas, etc.). 

Excellent pretreatment 

with BMPs that mitigate 

fine sediments such as 

bioretention or media 

filtration OR 

sedimentation or facility 

only treats runoff from 

relatively clean surfaces, 

such as rooftops. 

Redundancy of 

treatment 

No redundancy in BMP 

treatment train. 

Medium redundancy, other 

BMPs available in 

treatment train to maintain 

at least 50% of function of 

facility in event of failure. 

High redundancy, 

multiple components 

capable of operating 

independently and in 

parallel, maintaining at 

least 90% of facility 

functionality in event of 

failure. 

Compaction during 

construction 

Construction of facility 

on a compacted site or 

elevated probability of 

unintended/ indirect 

compaction. 

Medium probability of 

unintended/ indirect 

compaction. 

Heavy equipment 

actively prohibited from 

infiltration areas during 

construction and low 

probability of 

unintended/ indirect 

compaction. 
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Worksheet H: Factor of Safety and Design Infiltration Rate and Worksheet 

Factor Category Factor Description 

Assigned 

Weight (w) 

Factor 

Value (v) 

Product (p) 

p = w x v 

A 
Suitability 

Assessment 

Soil assessment methods 0.25   

Predominant soil texture 0.25   

Site soil variability 0.25   

Depth to groundwater / impervious 

layer 
0.25   

Suitability Assessment Safety Factor, SA = p  

B Design 

Tributary area size 0.25   

Level of pretreatment/ expected 

sediment loads 
0.25   

Redundancy 0.25   

Compaction during construction 0.25   

Design Safety Factor, SB = p  

Combined Safety Factor, STotal= SA x SB   

 Observed Infiltration Rate, inch/hr, Kobserved 

(corrected for test-specific bias) 
 

Design Infiltration Rate, in/hr, KDESIGN = KObserved / STotal  

Supporting Data 

Briefly describe infiltration test and provide reference to test forms: 

 

 

 

 

 

 

 

 

 

 

Note: The minimum combined adjustment factor shall not be less than 2.0 and the maximum 

combined adjustment factor shall not exceed 9.0. 
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APPENDIX VIII. GROUNDWATER-RELATED INFILTRATION FEASIBILITY 

CRITERIA 

Infiltration BMPs shall not be used where they would adversely affect groundwater quality or 

where depth to groundwater would limit infiltration. The purpose of this section is to provide 

guidelines for allowable use of infiltration BMPs to protect groundwater quality and ensure 

physical feasibility relative to groundwater and groundwater-related geotechnical 

considerations.  This section considers:  

 Depth to groundwater and mounding potential, 

 Presence of groundwater plumes, 

 Wellhead protection and septic systems,  

 Contamination risks from land use activities in the area tributary to the BMP,  

 Consultation with applicable groundwater agencies, and 

 Technical requirements for conducting site specific studies, 

VIII.1. Intended Use 

The criteria contained in this section are intended to be used as part of the overall feasibility 

screening process. If other feasibility criteria (e.g., low soil infiltration rate) render infiltration 

infeasible, it is not necessary to also consider the criteria contained in this section. However, 

before infiltration BMPs are approved for use on a project, these groundwater quality-related 

criteria must be evaluated.  

VIII.2. Depth to Groundwater and Mounding Potential 

Minimum separation between the infiltrating surface (bottom of infiltration facility) and 

seasonally high mounded groundwater shall be observed in the design of infiltration BMPs, 

depending on BMP type.   

 If the depth to unmounded seasonally high groundwater is greater than 15 feet, the 

depth to groundwater does not constrain infiltration   

 If separation to unmounded seasonally high groundwater is greater than 10-feet and the 

infiltration area is less than 2,000 sq-ft, the depth to groundwater does not constrain 

infiltration. 

 The separation between the infiltrating surface and the seasonally high mounded 

groundwater table shall not be less than 5 feet for all BMP types. BMPs for which 5-foot 

minimum separation applies include: 
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o Rain gardens and dispersion trenches (small, residential applications) 

o Bioretention and planters  

o Permeable Pavement 

o Similar BMPs infiltrating over an extensive surface area and providing robust 

pretreatment or embedded treatment processes. 

 

 Separation to mounded seasonally high groundwater shall be at least 10 feet for 

infiltration devices that inject water below the subsurface and surface infiltration BMPs 

with tributary area and land use activities that are considered to pose a more significant 

risk to groundwater quality. BMPs for which the 10-foot separation applies include: 

 

o Dry wells 

o Subsurface infiltration galleries or vaults 

o Surface Infiltration Basins  

o Infiltration Trenches  

o Other functionally similar devices or BMPs.  

VIII.2.1. Approved Methods for Determining the Depth to Seasonally High Groundwater 

The seasonally high groundwater table is defined as the depth to the highest level of the 

saturated groundwater zone.  It is quantified as the average of measured annual minima (i.e., 

the shallowest recorded measurements in each water year, defined as October 1 through 

September 30 are averaged) for all years on record.   

The depth to seasonally high groundwater is ideally determined from long-term groundwater 

level data.  If groundwater level data are not available or are inadequate, the seasonal high 

groundwater depth can be estimated by redoximorphic analytical methods combined with 

temporary groundwater monitoring for November 1 through April 1 at the proposed Project 

site.  In this approach, a professional geologist assesses soil-mottling characteristics of soil cores 

to determine the depth at which soil features display reductive conditions which indicate the 

seasonal height of groundwater.   

VIII.2.2.   Methods for Evaluation of Groundwater Mounding Potential  

Stormwater infiltration and recharge to the underlying groundwater table will in most cases 

create a groundwater mound beneath the infiltration facility.  The height and shape of the 

mound depends on the infiltration system design, the recharge rate, and the hydrogeologic 

conditions at the site, especially the horizontal hydraulic conductivity and the saturated 

thickness.  Groundwater mounding beneath infiltration facilities also depends on the 

precipitation patterns, which affects the applied recharge rates and underlying soil moisture 

conditions.  Maximum mounding potential is likely to occur in response to cumulative 
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Figure VIII.1: Example Calculations of Maximum Mounding Height by Facility 
Configuration from USGS Calculator (Carlton, 2010)  

(For illustration purposes only based on input assumptions above; inputs shall be based on professional 

judgment) 

 

 

 

VIII.3. Groundwater Plumes 

Infiltration shall not be allowed in the vicinity of mapped or potential groundwater plumes, 

except where infiltration would not adversely impact groundwater conditions as determined 
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Table VIII.2: Definition of Project Size Categories 

 

Residential Commercial, Institutional Industrial 

Small Projects Less than 10 acres and 

less than 30 DU  

Less than 5 acres and less 

than 50,000 SF 

Less than 2 acre and less 

than 20,000 SF 

Large Projects Greater than 10 acres or 

greater than 30 DU 

Greater than 5 acres or 

greater than 50,000 SF 

Greater than 2 acre or 

greater than 20,000 SF 

 

VIII.8.2. Information and Documentation Required in Site-Specific Study  

If a project proponent proposes to use infiltration BMPs within a plume protection boundary (see 

Exhibit IX-3) or within 250 ft of a contaminated site, the project proponent shall provide a 

written report to demonstrate that infiltration does not pose an adverse risk to groundwater. 

The written report should be prepared by a state-certified professional and provided to OCWD 

for review and comment. The report shall document that the following conditions are met: 

1. Lateral and vertical extent of soil or groundwater contamination is defined at the site 

and is defined for off-site areas if contamination has migrated to the boundary of the 

site. 

2. Groundwater conditions are defined based on site specific data (e.g., subsurface 

sediment characteristics, depth to groundwater, groundwater flow direction, rate of 

groundwater movement). 

3. Ongoing monitoring of soil or groundwater contamination is occurring and will 

continue to occur, as necessary. 

4. A state-certified professional evaluates soil and groundwater data and evaluates 

whether proposed stormwater infiltration could cause adverse impacts to groundwater 

quality; an adverse impact to groundwater quality could include changing the 

movement of groundwater contamination, causing additional amounts of contamination 

in the unsaturated zone to migrate into the saturated zone, or negatively impacting an 

existing remediation system. 

5. The applicable regulatory agency is identified and has continuing authority to require 

additional investigation or cleanup work if stormwater infiltration causes an adverse 

impact on groundwater quality. 

 

In summary, infiltration shall not be allowed for sites where there is substantial evidence of an 

adverse risk to groundwater quality. 
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APPENDIX IX. TECHNICAL BASIS FOR GREEN ROOF DESIGN CRITERIA 

The purpose of this appendix is to present minimum criteria for green roofs (roofs with growing 

media and vegetation) to be considered “self-retaining” for new development and significant 

redevelopment projects in Orange County.  Self-retaining areas are designed to retain the DCV 

and no further management of these areas is required to meet LID and treatment control 

performance criteria.  This category also includes brown roofs, which are designed with 

vegetation intended to go seasonally dormant during dry periods. This document describes the 

functional definition of “self-retaining” that has been applied to green roofs, presents an 

overview of the analytical methods used to evaluate performance of a range of design criteria, 

and presents the results of this analysis in terms of the minimum design criteria for green roofs 

to be considered self-retaining. 

IX.1. Functional Definition of “Self-Retaining” for Green roofs 

HSCs are group of low-tech stormwater management measures that reduce stormwater runoff 

volume through landscape dispersion and interception of stormwater.  As described above, if 

an HSC is to be considered “self-retaining,” it should fully retain the volume from the LID 

design storm event. 

Green roofs are a form of HSC. These systems reduce stormwater runoff volume by retaining a 

portion of rainfall in soil pores and surface and plant depression storage during storm events 

and making it available for subsequent ET. Green roofs also provide biotreatment/ biofiltration 

of water draining through and over roofs, removing pollutants deposited from the atmosphere 

or from adjacent transportation land uses. Finally, green roofs can have additional benefits 

beyond stormwater management, including reductions in building heating and cooling costs 

and reductions in urban heat island effects. As such, green roofs should be encouraged where 

they can provide appreciable benefit for stormwater management. They do require irrigation, so 

their effects on water demand should be considered. In addition, green roofs may use reclaimed 

water for irrigation and measures may be required to mitigate the risk of discharges leaving the 

site.  Green roofs are considered to be self-retaining on the basis that they provide the maximum 

feasible area for ET and provide biotreatment for the remaining portion of the DCV.  Ground-

level LID BMPs must still be provided for ground level drainage areas, where feasible, and 

optionally can be sized to provide additional volume reduction and biotreatment of runoff from 

green roofs. 
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more extensive area would theoretically increase wet season performance, this would also tend 

to increase irrigation demand during the dry season and during dry periods of the wet season. 

 Table IX.1: Green Roof Moisture Retention Depth Required for 40 Percent Volume 
Reduction, Los Angeles/Orange County 

Landscape Coefficient (KL) = 0.5 

Extensiveness 0.5 0.6 0.7 0.8 0.9 1.0 

Minimum Required Moisture 

Retention Depth, inches 
1.3 1.05 0.9 0.8 0.7 0.6 

Typical Soil Depth Required to 

Provide Minimum Moisture 

Retention Depth(FC - WP = 0.15) 

8.7 7.0 6.0 5.3 4.7 4.0 

Landscape Coefficient (KL) = 0.75 

Extensiveness 0.5 0.6 0.7 0.8 0.9 1.0 

Minimum Required Moisture 

Retention Depth, inches 
0.9 0.75 0.65 0.55 0.5 0.45 

Typical Soil Depth Required to 

Provide Minimum Moisture 

Retention Depth(FC - WP = 0.15) 

6.0 5.0 4.3 3.7 3.3 3.0 

KL = Landscape Coefficient; WP = soil wilting point; FC = soil field capacity 
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Figure IX.1: Green Roof Performance Relationships for Los Angeles and Orange County, 
Landscape Coefficient (KL ) = 0.5 (Low water use plant palette) 
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Figure IX.2: Green Roof Performance Relationships for Los Angeles and Orange County, 
Landscape Coefficient (KL ) = 0.75 (Moderate water use plant palette) 
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APPENDIX X. HARVEST AND USE DEMAND CALCULATIONS AND 

FEASIBILITY SCREENING 

X.1. Introduction 

The purpose of this appendix is to provide guidance for calculating harvested water demand 

and provide the technical basis for the harvest and use feasibility screening thresholds. This 

appendix contains the following: 

 References for harvested water demand and guidance for preparing project-specific 

harvested water demand calculations 

 Evaluation of required harvested water demand for minimum partial feasibility of 

harvest and use systems 

Harvested water demand should be evaluated at the scale of the project, and not limited to 

single drainage areas. It is assumed that harvested water collected from one drainage area could 

be used within another. 

X.2. Harvested Water Demand Calculation 

The following sections provide technical references and guidance for estimating the harvested 

water demand of a project. These references are intended to be used for the planning phase of a 

project and for feasibility screening purposes.  

X.2.1. Key Differences in Demand Calculations for Harvest and Use Feasibility versus Water 

Supply Planning 

It is very important to note that harvested water demand calculations differ in purpose and 

methods from water demand calculations done for water supply planning. When designing 

harvest and use systems for stormwater management, a reliable method of relatively quickly 

regenerating storage capacity (i.e., using water) must exist to provide storage capacity for 

subsequent storms. Therefore, demand calculations for harvest and use BMPs should attempt to 

estimate the actual demand that is reliably present to drain stormwater cisterns during the wet 

season and especially within short-term (week to a couple of weeks) series of storms that are 

typical. This objective is fundamentally different from the objectives of water demand 

forecasting calculations done for water supply planning, which may err toward higher 

estimates of demand to provide conservatism to account for uncertainty. Harvested water 

demand calculations used to determine the feasibility of harvest and use BMPs must be based 
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 Sources of demand should only be included if they are reliably and consistently present 

during the wet season.   

 Where demands are substantial but irregular, a more detailed analysis should be 

conducted based on a statistical analysis of anticipated demand and precipitation 

patterns. 

X.2.8. Reclaimed Water Priority in Demand Calculations 

If reclaimed water is available to meet or partially meet project non-potable water demands, the 

decision to use reclaimed water or harvested runoff water rests with the project proponent.  If 

the project proponent elects to use reclaimed water or is required to use reclaimed water based 

on conditions placed on the project, then the demand for harvested water should be reduced by 

the amount of reclaimed water available. This criterion effectively allows the project proponent 

to consider harvest and use to be infeasible if sufficient reclaimed water supply is available to 

meet the project demand for harvested water.  

This criterion intentionally prioritizes the use of reclaimed water over harvested water in cases 

where demand overlaps. The use of reclaimed water is being prioritized based upon the 

following considerations: 

 In Order 2009-06, the State Water Board finds that “…recycled water is safe for 

approved uses, and strongly supports recycled water as a safe alternative to potable 

water for such approved uses. “ There are several other state mandates for reduction of 

potable water demand. 

 A substantial investment has been made in the production and distribution of reclaimed 

water by local agencies to reduce potable water demand to meet state mandates.   

 Utilizing reclaimed water where available inherently reduces the amount of treated 

municipal effluent discharged to the ocean.  For those entities that rely primarily on use 

of reclaimed water for disposal of treated wastewaters, such as the Irvine Ranch Water 

District, prioritizing use of runoff over reclaimed water could increase wastewater 

discharges significantly during wet weather periods. 

 Utilizing the capacity of the reclaimed water system, where available, has a significantly 

larger benefit for offsetting potable water supply than stormwater harvest and use 

systems.  Reclaimed water is available year round therefore can effectively fulfill all 

project non-potable water demands. In contrast, a harvested water system designed for 

stormwater management would tend to make water available for a relatively minor 

fraction of the year (during storm events and for a relatively short period after), thereby 

meeting a substantially lower fraction of the project non-potable water demand.  

 It is possible to engineer and deploy a combined reclaimed water/harvested stormwater 

non-potable use system.  However, the costs of including both options would be much 

higher than employing one or the other.  In addition, the most difficult time for 
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reclaimed water disposal is during extended wet periods (irrigation reduced and more 

wastewater from inflow and infiltration).   

 The use of reclaimed water to supplant the use of harvested water for irrigation could 

contribute to groundwater quality impacts. This depends on the quality of harvested 

runoff that might alternatively be used compared to the quality of the reclaimed water.  

However, the maximum potential fraction of the total inflow to the groundwater basin 

influenced by the priority for reclaimed water versus harvested water is believed to be 

very minor based on the applicability of the New Development and Significant 

Redevelopment LID requirements in the foreseeable future and will therefore not have a 

significant impact on groundwater quality. 

 In addition, potential impacts to groundwater quality related to use of reclaimed water, 

particularly salt and nutrient accumulation, must be evaluated and managed by 

providers of reclaimed water20. The priority for use of reclaimed water expressed in this 

TGD does not conflict or interfere with the obligation of reclaimed water providers to 

manage the application of reclaimed water. If, as a groundwater quality management 

action, a reclaimed water provider must limit the application of reclaimed water, it 

would be the responsibility of the reclaimed water provider to limit the amount of 

reclaimed water that is made available to a proposed project and/or limit its allowable 

uses on a project. This would limit the amount of project demand that can be offset by 

reclaimed water and would thereby require harvested water to be considered in 

applicable scenarios. 

 Finally, it is noted that the State Board has evaluated, in general, the potential negative 

environmental consequences of reclaimed water on groundwater quality as part of 

developing its policy on reclaimed water, and the State Board supports the use of 

reclaimed water for landscape irrigation. 

X.3. Planning Level Harvest and Use Feasibility Thresholds 

This section describes the technical analysis and assumptions that were used to develop 

planning level feasibility thresholds for harvest and use systems. The intent of these thresholds 

is to identify projects with low potential for successful harvest and use and provide a means for 

applicants to readily demonstrate infeasibility of harvest and use, where clearly infeasible, 

without the need for a detailed project specific analysis.  

X.3.1. Minimum Partial Capture Threshold 

If a harvest and use system is designed with storage volume equal to the DCV from the 

tributary area but still achieves less than 40 percent capture, the system does not meet the 

                                                      

20
 In Water Quality Order No. 2000-07, the State Water Board determined that a Producer (i.e., reclaimed water 

purveyor) cannot shift responsibility for discharged salt to the User (i.e., project proponent). 
































