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Table DB-6. Design Data Summary Sheet for Water Quality Detention Basin 

Designer:    Date:   

Company:      

Project:      

Location:      

1. Design Water Quality Volume 

 a. Tributary drainage area 

 b. Water Quality Volume  

 

Area =   acre 

WQV =   acre-ft

2. Basin Depths and Water Surface Areas 

a. For Wet and Combination Basins: 

      Permanent pool volume (Volpp) 
Average depth of permanent pool (Davg) (4-8 ft) 
Water surface area of permanent pool (App) 
Water surface elevation of permanent pool (WS Elevpp) 

b. Forebay  
Depth range = 2-4 ft 
Volume range = 5-10 % of WQV 
Water surface area range  

 

ACTUAL DESIGN 

 

Volpp =   acre-ft 
Davg =   ft 
App =   ft2 

WS Elevpp =   ft 

 
Depth =   ft 
Volume =   acre-ft 
WS Area =   ft2 

 
 

4. Depth of WQV and Max WS Elevation 

a. Maximum water surface area with WQV (AWQV) 

c. Maximum water surface elevation with WQV (WS ElevWQV)  

 

AWQV =   ft2 

WS ElevWQV =   ft 

5. For Wet and Combo Basins: Determine Maximum dry season 
inflow to maintain permanent pond in the dry season. Use table DB-2 
and an evaporation rate of 0.45 in/day for the Sacramento area.  

 Qinflow = - QE-P + Qseepage 

 

QE-P =   acre-ft/mo
Qseepage =   acre-ft/mo
 
Qinflow =   acre-ft/mo
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Design Data Summary Sheet for Water Quality Detention Basin 

Project:      

 

6. Outlet  

a. Outlet Type:  

  

b. Drawdown Time: 

 

 

 

 

Time =                                    Hours

 

7. Basin Shape 
a. Length-Width Ratio (2:1 min.) 

 
Ratio =   L:W 

8. Embankment Side Slope 
a. Interior Side Slope (4:1or flatter) 
b. Exterior Side Slope (3:1or flatter) 

 
Int. Side Slope =   L:W 
Ext. Side Slope =   L:W 

9. Maintenance Access Ramp 
a. Slope (10% maximum) 
b. Width (15 to 20 feet) 

 
Slope =    % 
Width =   ft 

10.Vegetation (describe)  

 Native Grasses  

 Irrigated Turf  

 Emergent Aquatic Plants (specify type / density)*   

    

 Other   

  

Notes:    
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Description 
An infiltration basin is a shallow earthen basin 
constructed in naturally pervious soils (usually 
Type A or B) and designed for infiltrating 
stormwater. An infiltration basin functions by 
retaining runoff and allowing it to percolate into the 
underlying native soils and into the groundwater 
table over a specified drawdown period. The 
bottoms and side slopes of infiltration basins are 
typically vegetated with dryland grasses or irrigated 
turf grass.  

 

Siting Considerations 
• Tributary drainage area: Up to 50 acres. 
• Soil Infiltration Rate: 0.5-2.0 in/hr  (permeability test required). 

Soils with higher infiltration rates require pretreatment device. 
• Depth to groundwater: ≥10 ft from basin bottom. 
• Existing groundwater contamination. 
• Setback requirements: 100 ft from wells; 20 ft downslope and 100 

ft upslope from foundations. 
• Topography: Not appropriate on fill or steep slopes. 

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly 

reduced or eliminated if the basin is properly designed, 
constructed, and operated to maintain its infiltration capacity and 
drawdown time. 

Advantages 
• Reduces or eliminates stormwater discharge to surface waters during most storm events 
• Reduces peak flows during small storm events. 
• Can be incorporated into site landscape features or multi-use facilities such as parks or athletic 

fields. 

Limitations  
• Not appropriate for areas with slowly permeable soils, high groundwater or existing groundwater 

contamination. 
• Not appropriate for industrial sites or locations where spills may occur. 
• Must be protected from high sediment loads. Once clogged with sediment, restoration of basin 

infiltration capacity may be difficult. 

General Maintenance Recommendations (Low to Moderate) 
• Maintain vegetation as in any landscaped area.  
• Periodically remove debris and sediment from basin floor. 
• Repair/replace vegetation as necessary to maintain desired cover. 
• Check and record drawdown time during and after major storm events to document infiltration 

rates. 
• Remove sediment and/or scarify basin bottom to restore infiltration capacity when maximum 

drawdown time for WQV is exceeded. 

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment High 
Nutrients High 
Trash High 
Metals*  High 
Bacteria* High 
Oil and Grease High 
Organics* High 

*The following are target pollutants for 
Sacramento area: copper; lead; mercury; 
pathogens; diazinon; and chlorpyrifos 
Source: CASQA California Stormwater 
BMP Handbook, January 2003 

Photo credit: Wisconsin DNR 
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How does an Infiltration Basin work? 
An infiltration basin is designed to retain the stormwater quality design 
volume (WQV) within a basin and to allow that volume to infiltrate into 
the native soil profile over the design drawdown period. Infiltrated water 
typically reaches and recharges the underlying groundwater. Treatment of 
the runoff occurs through a variety of natural mechanisms as the water 
flows through the soil profile. To ensure adequate treatment, the depth of 
unsaturated soil between the infiltration basin bottom and the seasonal 
maximum groundwater surface level should be at least 10 feet. See Figure 
IB-1 for a typical infiltration basin configuration.  

Other Names: retention basin, percolation basin 

Planning and Siting Considerations 
• Soil permeability, depth to groundwater, and design safety factors should be determined by a 

qualified geotechnical engineer or geologist to ensure that conditions conform to the criteria listed 
in Table IB-1. A soil permeability test will be required by permitting agency to confirm 
acceptable saturated permeability. Number of soil borings will depend on size of facility. 

• Not suitable for areas with existing groundwater contamination. 
• Integrate infiltration basins into open space buffers, undisturbed natural areas, and other 

landscape areas when possible. Avoid placing features in open space and wetland preserves 
where future maintenance of the water quality facility will be restricted or prohibited. 

• Not suitable for active parkland/recreation use. 
• Irrigation may be required to maintain vegetation on the slopes and bottom of the basin. If 

irrigation is needed, coordinate its design with that of the general landscape irrigation system for 
the project.  

• Plan for setback requirements (see Table IB-1). 

Design Criteria 
Design criteria for infiltration basins are listed in Table IB-1. Use the Design Data Summary Sheet 
provided at the end of this fact sheet (Table IB-3) to record design information for the permitting 
agency’s review. 
 

Table IB-1. Infiltration Basin Design Criteria 

Design Parameter Criteria Notes 

Tributary Drainage Area ≤ 50 
acres 

 

Design volume WQV See Appendix E in this Design Manual 

Soil infiltration rate 0.5-2.0 
in/hr 

To be confirmed by permeability test. Higher permeability allowed if 
pretreatment provided. 

Maximum drawdown time 48 hrs. Based on WQV  (see Appendix E) 

Minimum groundwater 
separation 

10 ft Between basin bottom and top of seasonally high groundwater 

Freeboard (minimum) 1 ft  

Do not confuse an 
Infiltration Basin with 
an Extended Dry 
Detention Basin, which 
is designed to infiltrate 
some runoff and 
release the rest, as 
described elsewhere in 
this chapter. 
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Design Parameter Criteria Notes 

Setbacks 100 ft 
20 ft 

100 ft 

From wells, tanks, fields, springs 
Downslope from foundations 
Up slope from foundations 

Inlet/outlet erosion control – Use energy dissipater to reduce inlet/outlet velocity  

Forebay setting basin 
volume/drain time 

5-10%/45 
min. 

Based on WQV  

Embankment side slope 
(H:V) 

≥ 4:1 
≥ 3:1 

Inside 
Outside (without retaining walls) 

Maintenance access ramp 
slope (H:V) 

10:1 Or flatter 

Maintenance access ramp 
width 

15 to 20 
ft 

Check with permitting agency for their minimum width. Pave approach 
with concrete or porous pavement materials, subject to approval of 
permitting agency. 

Relief underdrain pipe 
diameter 

4 in. Perforated plastic pipe  

Vegetation  – Side slopes and bottom (may require irrigation) 

 
Design Procedure 

Step 1 – Calculate Water Quality Volume (WQV) 
Using the Appendix E in this Design Manual, determine the tributary 
drainage area and stormwater quality design volume (WQV) for 48-hour 
drawdown.  

Step 2 – Calculate design depth of water surcharge in 
infiltration basin (Dmax) 

 
s12
ItD max

 max ×
×

=  

where 

tmax = Maximum drawdown time = 48 hrs 
I = Site infiltration rate (soil permeability) (in/hr) 
s  = Safety factor 

In the formula for maximum allowable depth, the safety factor accounts for the variability in soil 
permeability at the site and the relative uncertainty in the infiltration rate measurements. The more 
variable the soil conditions and the less certain the infiltration rate, the higher the safety factor should be. 
Safety factors typically range between two (2) and ten (10) and should be determined by a qualified 
geotechnical engineer or geologist based on field measurements of saturated vertical permeability at the 
proposed site. Note that soils with permeability greater than two (2) inches per hour may be used if full 
pretreatment is provided using one of the approved treatment controls from this manual.  

Use the Design Data 
Summary Sheet 
(Table IB-3) to record 
design information for 
the permitting agency’s 
review. 
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Step 3 – Calculate minimum surface area of Infiltration Basin bottom (Amin) 
Amin  = WQV/Dmax 

where 

Amin = minimum area required (ft2) 
Dmax = maximum allowable depth (ft)  

Step 4 – Design forebay settling basin 
The forebay provides a zone for removal of course sediment by sedimentation. Design the forebaye 
volumeto be five (5) to ten (10) percent of the WQV. Separate the forebay from the basin by a berm or 
similar feature. Provide an outlet pipe connecting the bottom of the forebay and the basin and size it to 
allow the forebay volume to drain within 45 minutes. 

Step 5 – Design embankments 
Interior slopes (H:V) should be no steeper than 4:1 and exterior slopes no steeper than 3:1. Flatter slopes 
are preferable.  

Step 6 – Design Maintenance Access 
Provide for all-weather access for maintenance vehicles to the bottom and outlet works. Maximum grades 
of access ramps should be ten (10) percent and minimum width will vary according to local permitting 
agency requirements, but usually between 15-20 feet. Pave ramps with concrete that is colored to blend 
with surroundings.  

Step 7 – Design Security Fencing 
To protect habitat and for safety reasons, provide aesthetic security fencing approved by the permitting 
agency around the infiltration basin, except when specifically waived by the permitting agency.  

Step 8 – Design Bypass 
Provide for bypass or overflow of runoff volumes in excess of the WQV. Provide spillway or overflow 
structures, as applicable (see Figure IB-1). 

Step 9 – Design Relief Drain 
Provide 4-inch diameter perforated plastic relief underdrain with a valved outlet to allow removal of 
standing water in the event of loss of soil infiltration capacity. Cutoff collars are recommended along 
drain pipes running under the embankment at 10 to 20 feet intervals to prevent the water from piping 
through the fill.  The portion of the relief drain that is under the embankement should not be permeable. 

Step 10 – Select Vegetation  
Plant basin bottoms, berms, and side slopes with native grasses or with irrigated turf. Vegetation provides 
erosion protection and filters sediment out of the runoff.. 

Step 11 – Design irrigation system  
Provide an irrigation system to maintain viability of vegetation (short-term establishment and long-term needs). 
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Construction Considerations 
• If possible, stabilize the entire tributary area to the infiltration basin before construction begins. If 

this is not possible, divert flow around the basin to protect it from sediment loads during 
construction. If sediment does enter the facility during construction, the contractor will be 
required to remove soil from the basin floor after the entire site has been stabilized, to the 
satisfaction of the permitting agency inspector. 

• Construct basin using equipment with extra wide, low-pressure tires. Prevent construction traffic 
from entering basin. 

• Ensure that final grading produces a level basin bottom without low spots or depressions. 
• After final grading, deep till the basin bottom.  
• Once construction is complete, stabilize the entire tributary area to the basin and the vegetation 

within the basin itself, before allowing runoff to enter the infiltration facility. 
• Divert runoff (other than necessary irrigation) during the period of basin vegetation 

establishment.  
• Inspect frequently during vegetation establishment, and repair, seed, or re-plant damaged areas 

immediately.  

Flat Basin Floor with Vegetation

Embankment (if required)

Emergency Spillway

Inlet

Plan

Section
Source:  Schueler, 1987

Stormwater Storage

Riprap
Outfall
Protection

Inlet

Relief Underdrain

Valve

(Optional)

Figure IB-1. Infiltration Basin 
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Long-Term Maintenance  
The local permitting agencies in the Sacramento and South Placer areas require execution of a 
maintenance agreement or permit with the property owner for projects including an infiltration basin. 
Check with the local permitting agency about the timing for execution of the agreement. Such agreements 
will typically include requirements such as those outlined in Table IB-2. The property owner or his/her 
designee will be responsible for compliance. See Appendix B for additional information about 
maintenance requirements and sample agreement language. 
 

Table IB-2. Inspection and Maintenance Recommendations for Infiltration Basins 

Activity Schedule 

Monitor infiltration rate in basin after storm events by recording the 
drop in water depth versus time using a calibrated rod or staff gauge. 

Several times during first year. Thereafter at 
the beginning and end of the wet season. 
Additional monitoring after periods of heavy 
runoff is recommended. 

If drawdown time is observed to have increased significantly over the 
design drawdown time, clean, re-grade, and till basin bottom to 
restore infiltrative capacity. This maintenance activity is expensive 
and the need for it can be minimized by preventing upstream erosion. 

As needed 

Inspect basin to identify potential problems such as erosion of the 
basin side slopes and invert, standing water, trash and debris, and 
sediment accumulation. 

At beginning and end of the wet season. 
Additional inspections after periods of heavy 
runoff are desirable. 

If erosion is occurring within the basin, stabilize with erosion control 
mulch or mat and seed or re-vegetate immediately. 

As needed 

Monitor health of vegetation and replace as needed. Routinely monitor vegetation 

Trim vegetation to prevent the establishment of woody vegetation and 
for aesthetic and vector control reasons. 

At the beginning and end of the wet season 

Remove litter and debris from infiltration basin area. As needed 

Remove accumulated sediment and re-grade when the accumulated 
sediment volume exceeds ten (10) percent of the basin volume. Note: 
scarification or other activities creating disturbance should only be 
performed when there are actual signs of clogging, rather than on a 
routine basis. 

As required for both forebay and basin 

Reconstruct or replace the control measure when it is no longer 
functioning properly.  

See projected lifespan in Appendix B for 
informational purposes. 
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Table IB-3. Design Data Summary Sheet for Infiltration Basin 

Designer:    Date:   

Company:      

Project:      

Location:      

1. Determine Design Water Quality Volume 

 a. Tributary drainage area 

 b. Water Quality Volume  

 

Area =     ft2 

WQV =     ft3

2. Determine Maximum Allowable Depth (Dmax ≤ 10 ft) 

 a. Maximum drawdown time (t = 48 hrs) 

 b. Site infiltration rate (I) 

 c. Safety factor (s) 

  d.  
s12
ItD max

 max ×
×

=  

 

t =     48  hr 

I =      in/hr 

s =     

Dmax =     ft 

3. Determine Minimum Allowable Basin Bottom Area  
(Amin = WQV/Dmax) 

 
Amin =     in/hr 

4. Forebay Volume (VFB) VFB =     ft3 

5.  Bypass/Outlet Control Structure (Check type) 

  Overflow Structure   Spillway 

6. Vegetation (Check type used or describe “Other”) 

   Native grasses    Irrigated turf grass   

  Other       

        

Notes:    
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Description 
An infiltration trench is a long, narrow 
trench constructed in naturally 
pervious soils (types A or B) and filled 
with gravel (and sand if desired). 
Runoff is stored in the trench until it 
infiltrates into the soil profile over a 
specified drawdown period. Overflow 
drains are often provided to allow 
drainage if the infiltration trench 
becomes clogged. Infiltration vaults 
and infiltration leach fields are 
subsurface variations of the infiltration 
trench concept; runoff is distributed to 
the upper zone of a subsurface gravel 
bed by means of perforated pipes. 

Siting Considerations 
• Tributary Drainage area: Up to 5 acres. Tributary areas should 

have a low potential for erosion. 
• Soil Infiltration Rate: 0.5-2.0 in/hr (permeability test required). 

Soils with higher permeability will require pretreatment device. 
• Depth to groundwater: ≥10 ft from trench bottom required 
• Setback requirements: 100 ft from wells; 20 ft downslope and 

100 ft upslope from foundations. 
• Maximum contributing area slope: 5%, maximum downstream 

slope: 20% 

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly 

reduced or eliminated if the trench is properly designed, 
constructed, and operated to maintain its infiltration capacity  
and drawdown time. 

Advantages 
• Reduces or eliminates stormwater discharge to surface waters during most storm events. 
• Reduces peak flows during small storm events. 
• Can be incorporated into site landscaping. 

Limitations  
• Not appropriate for areas with slowly permeable soil or high groundwater. 
• Must be protected from high sediment loads; difficult to restore functionality when clogged. 
• Not appropriate for industrial sites or locations where spills may occur. 

General Maintenance Recommendations (Low to Moderate) 
• Repair/replace vegetation buffer as necessary to maintain full cover and prevent erosion. 
• Periodically remove debris from trench surface. 
• Check and record infiltration rate during and after major storm events to document infiltration rates. 
• Repair or replace trench material to restore infiltration capacity when infiltration rate falls below 

design rate.

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment High 
Nutrients High 
Trash High 
Metals*  High 
Bacteria* High 
Oil and Grease High 
Organics* High 

*The following are target pollutants for 
Sacramento area: copper; lead; mercury; 
pathogens; diazinon; and chlorpyrifos 
Source: CASQA California Stormwater 
BMP Handbook, January 2003 
 

Photo credit: CASQA, 2003 
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Prevent Clogging! 

Infiltration trenches 
need to be protected 
from sediment loads 
to prevent clogging; 
a grass buffer is re-
quired. If sediment 
deposition signifi-
cantly reduces soil 
infiltration rates, the 
cost of restoring the 
trench can be high. 

How does an Infiltration Trench work? 
An infiltration trench is designed to retain the stormwater quality design 
volume (or WQV) in the trench and allow that volume to infiltrate into 
the native soil profile over the design drawdown period. Infiltrated water 
typically reaches and can recharge the underlying groundwater. 
Treatment of the runoff occurs through a variety of natural mechanisms 
as the water flows through the trench media and the soil profile. To 
ensure adequate treatment and protect groundwater, the depth of 
unsaturated soil between the trench bottom and the highest seasonal 
groundwater surface level should be at least 10 feet. See Figure IT-1 for 
a typical infiltration trench configuration.  

Infiltration vaults (Figure IT-2) and infiltration leach fields (Figure IT-3) 
are similar to infiltration trenches except they are entirely below ground; 
runoff is conveyed to the upper zone of the gravel bed media via 
perforated pipes.  

Other Names: Percolation trench 

Planning and Siting Considerations 
• Conduct an on-site permeability test to confirm suitable infiltration rate prior to beginning design.  

At least one soil boring under in proposed trench location is recommended. Local permitting 
agency will require results before accepting design. 

• Integrate infiltration trenches into open space buffers, undisturbed natural areas, and other 
landscape areas when possible. 

• Plan for setback requirements as listed in Table IT-1. 
• Do not locate trenches under tree drip lines. 
• Install a pretreatment grass buffer strip to filter out sediment and protect the trench from high 

sediment loads (see Figure IT-1). 

Design Criteria 
Design criteria for infiltration trenches are listed in Table IT-1. Use the Design Data Summary Sheet 
provided at the end of this fact sheet (Table IT-3) to record design information for the permitting agency’s 
review. 
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Use the Design Data 
Summary Sheet (Table 
IT-3) to record design 
information for the 
permitting agency’s review. 

Table IT-1. Infiltration Trench Design Criteria 

Design Parameter Criteria Notes 
Tributary Drainage Area ≤ 5 acres  
Design volume WQV See Appendix E in this Design Manual. 
Maximum drawdown time for WQV 48 hrs Based on WQV 
Soil infiltration rate 0.5-2 in./hr (soil permeability test required) 
Minimum groundwater separation 10 ft Between trench bottom and top of seasonally 

high groundwater table 
Maximum trench surcharge depth (Dmax) 10 ft  
Setbacks 100 ft 

20 ft 
100 ft 

– 

From wells, tanks, fields, springs 
Downslope from foundations 
Upslope from foundations 
Do not locate under tree drip-lines 

Trench media material size/type -3 in. diameter 
 

Washed gravel  
6-12 in. deep sand (if desired) 

Trench lining material  – Geotextile fabric prevents clogging 
Observation well size 4-6 in. Perforated PVC pipe with removable cap 
Pretreatment grass buffer strip 
length/slope 

10 ft/4% Minimum length/maximum slope in flow 
direction 

 
Design Procedure 

Step 1 – Calculate Water Quality Volume (WQV) 
Using the Appendix E in this Design Manual, determine the 
tributary drainage area and stormwater quality design volume 
(WQV) for 48-hour drawdown.  

Step 2 – Calculate design depth of water surcharge in 
Infiltration Trench (Dmax) 
Maximum depth should not exceed ten (10) feet.  

 
Ps12
ItD max

 max ××
×

=  

where 

tmax = Maximum drawdown time = 48 hrs 
I = Site infiltration rate (soil permeability) (in/hr) 
s  = Safety factor 
P = Porosity of Infiltration Trench gravel material (use 0.30) 

In the formula for maximum allowable depth, the safety factor accounts for the variability in soil 
permeability at the site and the relative uncertainty in the infiltration rate measurements. The more 
variable the soil conditions and the less certain the infiltration rate, the higher the safety factor should be. 
Safety factors typically range between two (2) and ten (10) and should be determined by a qualified 
geotechnical engineer or geologist based on field measurements of saturated vertical permeability at the 
proposed site. Note that soils with permeability greater than two (2) inches per hour may be used if full 
pretreatment is provided using one of the approved treatment controls from this manual (e.g., vegetated 
filter strip, vegetated swale).  
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Step 3 – Calculate minimum surface area of infiltration trench bottom (Amin) 
Amin = WQV/Dmax 

where 

Amin = minimum area required (ft2) 
Dmax = maximum allowable depth (ft)  

Step 4 – Design Observation Well 
Provide a vertical section of perforated PVC pipe, four (4) to six (6) inches in diameter, installed flush 
with the top of the infiltration trench on a PVC footplate and with a locking, removable cap. The 
observation well is needed to monitor the infiltration rate in the infiltration trench and is useful for 
marking the location of the trench. 

Step 5 – Design Bypass 
Provide for bypass or overflow of runoff volumes in excess of the WQV by means of a screened overflow 
pipe connected to the downstream storm drain system or a grated overflow outlet. 

Construction Considerations 
• If possible, stabilize the entire tributary area to the infiltration trench before construction begins. 

If this is not possible, divert flow around the trench site to protect it from sediment loads during 
construction. 

• Once construction is complete, stabilize the entire tributary area to the trench before allowing 
runoff to enter the trench facility. 

• Install filter fabric on sides, bottom, and one foot below the surface of the trench (see Figure IT-
1). Provide generous overlap at all seams. 

• Store excavated material at least 10 feet from the trench to avoid backsliding and cave-ins. 
• Place clean, washed 1-3 inch gravel in the excavated trench in lifts and lightly compact it with a 

plate compactor. Using unwashed gravel can result in clogging.  

Long-Term Maintenance  
The local permitting agencies in the Sacramento and South Placer areas will require execution of a 
maintenance agreement or permit with the property owner for projects including an infiltration trench. 
Check with the local permitting agency about the timing for execution of the agreement. Such agreements 
will typically include requirements such as those outlined in Table IT-2. The property owner or his/her 
designee will be responsible for compliance. See Appendix B for additional information about 
maintenance requirements and sample agreement language. 
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Table IT-2. Inspection and Maintenance Recommendations for Infiltration Trenches 

Activity Schedule 

Monitor the infiltration rate in the trench during and after storms by 
recording the drop in water depth versus time using a calibrated rod 
or staff gauge. 

Several times during first year then 
near the beginning and end of each 
wet season. Additional monitoring 
after periods of heavy runoff is 
desirable.  

Clean the trench when the infiltration rate decreases significantly 
over the design rate. To clean it, remove the top layer of gravel and 
clogged filter fabric, install a new layer of filter fabric, wash the 
removed gravel, and place the washed gravel back into the trench. 
This maintenance activity is expensive and can be avoided by 
preventing upstream erosion and maintaining the pretreatment 
buffer strip. 

As required 

Inspect grass buffer strip to identify potential channelization and 
erosion problems. 

At beginning and end of the wet 
season. Additional inspections after 
periods of heavy runoff are 
desirable. 

If channels are forming or erosion is occurring within the grass 
buffer strip, add soil as needed and stabilize with erosion control 
mulch or mat and re-seed or re-vegetate immediately. See the 
Vegetated Filter Strip fact sheet elsewhere in this chapter for more 
information. 

As needed 

Inspect trench to identify potential problems such as standing water, 
trash and debris, and sediment accumulation. 

At beginning and end of the wet 
season. Additional inspections after 
periods of heavy runoff are 
desirable. 

Remove pioneer trees that sprout in the trench vicinity so that roots 
don’t puncture the filter fabric, allowing sediment to enter the trench. 

As needed 

Trim adjacent trees so the canopy doesn’t extend over the trench 
surface. 

As needed 

Remove litter and debris from trench area. As needed 

Reconstruct or replace the control measure when it is no longer 
functioning properly.  

See projected lifespan in 
Appendix B for informational 
purposes. 
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Figure IT-1. Infiltration Trench 
 

PARKING AREA OR PAVEMENT 
(AS APPLICABLE)

RUNOFF 
FLOW

OBSERVATION 
WELL

TRENCH

SCREENED 
OVERFLOW 
PIPE

OUTFLOW

SLOTTED CURB 
(AS APPLICABLE)

GRASS 
BUFFER

OVERFLOW OUTLET

PLAN VIEW

Dmax

GRASS BUFFER MAX SLOPE 5%

OBSERVATION WELL 
(4-6-INCH PERFORATED PVC 
PIPE WITH REMOVABLE CAP

SCREENED  OVERFLOW PIPE

12 "

6 -12-INCH SAND 
LAYER (OPTIONAL)

TRENCH LINED WITH NONWOVEN 
GEOTEXTILE FABRIC

SMALLER GRAVEL

GRAVEL LAYER ( 1 TO 3-INCH SIZE) 

PVC FOOT PLATE

SECTION VIEW

10' MIN
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Figure IT-2. Infiltration Vault 
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Figure IT-3. Infiltration Leach Field  

1.5" - 3"
Size Gravel

Perforated
Pipe

Min. 3' Deep

Plan

Section

10' Min.

Historic High Groundwater Table

Geotextile Fabric (Woven)
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Table IT-3. Design Data Summary Sheet for Infiltration Trench 

Designer:    Date:   

Company:      

Project:      

Location:      

1. Determine Design Water Quality Volume 

 a. Tributary drainage area 

 b. Water Quality Volume  

 

Area =     ft2 

WQV =     ft3  

2. Determine Maximum Allowable Depth (Dm ax ≤ 10 ft) 

 a. Maximum drawdown time (t = 48 hrs) 

 b. Site infiltration rate (I) 

 c. Safety factor (s) 

 d. Gravel porosity (P) 

 e.  
Ps12
ItD max

 max ××
×

=  

 

t =    48   hr 

I =        in/hr 

s =        

P =  0.30 

Dm ax =     ft 

3. Determine Minimum Trench Bottom Surface Area  
 (Amin = WQV/Dmax) 

Amin  =    ft2 

4. Final Design Trench Dimensions 

 a. Trench length (L) 

 b. Trench width (W) 

 c. Trench depth (D)  

 

L =      ft 

W =      ft 

D =      ft 

5. Observation well diameter Diam. =    in. 

Notes:  
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Description 
A sand filter is a two-stage constructed treatment 
system including a pretreatment sedimentation 
basin and a filtration basin containing sand1. The 
filter bed is supported by a gravel base which 
includes an underdrain. As stormwater flows into 
and through the system, large particles settle out in 
the first basin and finer particles and other pollutants 
are removed in the second basin. Runoff from large 
storm events in excess of the water quality design 
volume (WQV) are bypassed around the system. 
There are several variations of sand filters; this fact 
sheet discusses the Austin Sand Filter. 

Siting Considerations 
• Tributary drainage area: Up to 50 acres. 
• Sizing basis: Water quality volume (WQV) with 48-hour 

drawdown. Storm volumes in excess of the WQV must be 
bypassed. 

• Hydraulic head: about four feet of hydraulic head is required to 
achieve design flow through the Austin Sand Filter.  

• Total filtration basin depth (minimum): 36 inches.  

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly 

reduced or eliminated if the sand filter is properly designed, 
constructed, and maintained. 

Advantages 
• Provides effective water quality enhancement through settling 

and filtering while requiring relatively small space.  
• Can be placed above or below ground. 
• Does not require irrigation or base flow. 
• Suited for most soil conditions; permeable soils are not needed. 
• Reduces peak flows during small storm events.  

Limitations 
• Upstream treatment controls may be needed to pretreat and remove sediment from runoff before 

it enters the sand filter. This will prevent or minimize clogging. 
• Significant head loss through treatment units may limit use on flat sites. 
• More expensive to construct than other types of treatment control measures. 

General Maintenance Recommendations (Moderate to High) 
• Periodically remove debris and sediment from sedimentation basin and surface of filtration basin.  
• Periodically replace sand layer in filtration basin when filtration capacity is diminished. 

                                                      
1 Other absorptive filtering media, such as peat, may be used, but this fact sheet focuses on sand. 

Sand filter in parking lot, City of Sacramento Dept. of Utilities

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment High 
Nutrients Low 
Trash High 
Metals*  High 
Bacteria* Medium
Oil and 
Grease 

High 

Organics* High 

*The following are target pollutants 
for Sacramento area: copper; lead; 
mercury; pathogens; dia zinon; and 
chlorpyrifos 
Source: CASQA California 
Stormwater BMP Handbook, January 
2003 
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How does a sand filter work? 
A typical configuration of an Austin Sand Filter is shown in Figure SF-1. The principal components of 
the unit include a sedimentation basin and a filtration basin. The sedimentation basin is designed to hold 
the entire WQV and to release that volume to the filtration basin over the design drawdown time of 40 
hours. Large sediment is removed from the runoff through this process. Fine particles and other pollutants 
are removed in the filtration basin as the runoff passes through the sand filter. Runoff in excess of the 
WQV is bypassed around the treatment unit.  

Variations of Sand Filters 
This fact sheet focuses on the Austin Sand Filter. Other variations (also named after the area of the 
country where they were developed) include the underground (DC) sand filter and the linear or perimeter 
(Delaware) sand filter. The size of the drainage area and the facility location typically dictate what type of 
filter is best. For large watersheds (i.e., up to 50 acres), an Austin Sand Filter is recommended. For small 
catchments up to 1.5 acres requiring underground facilities, a DC Underground Sand Filter is 
recommended. Delaware Linear Sand Filters are especially suitable for paved sites and industrial sites 
(catchments up to five acres in size) because they can be situated to accept sheet flow from adjacent 
pavement. The units also differ in hydraulic head requirements. Approximately four feet of hydraulic 
head is required to achieve design flow through the Austin and DC Underground Sand Filters, whereas 
Delaware Linear Sand Filters can operate with as little as two feet of head. 

Planning and Siting Considerations  
• Sand filters are generally suited for sites where there is no base flow and the influent sediment 

load is relatively low.  
• Sand filters are well suited for drier areas and/or urban areas because they do not require 

vegetation or irrigation and require less space than most other treatment controls. 
• Because the filter media is imported sand or engineered adsorptive material, sand filters are suited 

for most soil conditions, and the presence of permeable soils is not a requirement.  
• The Austin Sand Filter may be constructed inside a concrete shell, or built directly into the terrain 

over an impermeable liner (e.g., clay), if site conditions allow. Figure SF-1 shows a unit within a 
concrete shell, with an enclosed sedimentation basin and the filtration basin open at the surface.  

 



Technical Requirements Sand Filter 

Stormwater Quality Design Manual for the Sacramento and South Placer Regions  
May 2007 SF-3 

Design Criteria 
Design criteria for the Austin Sand Filter are listed in Table SF-1. Use the Design Data Summary Sheet 
provided at the end of this fact sheet (Table SF-3) to record design information for the permitting 
agency’s review. 

Table SF-1. Austin Sand Filter Design Criteria 

Design Parameter Criteria Notes 

Sedimentation Basin   

Maximum tributary drainage area  50 acres The larger the tributary area, the larger the surface area 
of filter required. 

Minimum basin volume WQV See Appendix E in this Design Manual 

Minimum/Maximum basin water depth (dSB) 3ft/10 ft  

Minimum length/width ratio 2:1  

Maximum drawdown time 48 hrs Based on WQV (See Appendix E) 

Freeboard 1 ft Above maximum water surface elevation 

Maximum inlet velocity 3 ft/sec Provide inlet energy dissipater as required to limit inlet 
velocity to 3 ft/sec 

Filtration Basin   

Minimum gravel depth over sand filter (if 
applicable) 

2 in. See Figures SF-3 and 4 

Minimum storage volume above filter bed 20% Based on WQV 

Minimum storage depth above filter bed (ds) 3 ft  

Minimum sand depth in filter bed (df) 18 in. Place geotextile fabric between sand and gravel layers 

Coefficient of permeability for sand filter (k) 3.5 ft/day 0.146 ft/hour  

Sand size, diameter 0.02-0.04 in.  

Slope of sand filter surface 0% flat 

Minimum gravel cover over underdrain 2 in. Gravel not required under the drain pipe 

Underdrain gravel size, diameter 0.5-2 in.  

Minimum inside diameter of underdrain 6 in.  

Underdrain pipe type PVC Schedule 40 (or heavier) 

Minimum slope of underdrain 1%  

Minimum underdrain perforation, diameter 0.375 in.  3/8 inch 

Minimum perforations per row 6  

Minimum space between perforation rows 6 in.  

Maximum drawdown time (tf)  48 hrs  

Minimum gravel bed depth, (dg) 16 in.  

Liner (if required) Clay  
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Figure SF-1. Sand Filter Configuration (Austin Sand Filter) 
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BASIN
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MAX WATER DEPTH 
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FILTER BED 
SEE FIGURE XX

ELEVATION 
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Source: Austin, Texas

NOTE: SEDIMENTATION POND MAY�
BE USED IN LIEU OF CONCRETE BASIN. �
FILTRATION BASIN MAY BE BUILT �
DIRECTLY INTO GROUND OVER AN �
IMPERVIOUS GEOMEMBRANE �
IF SOIL CONDITIONS ALLOW.

NOTE: SEDIMENTATION POND MAY BE 
USED IN LIEU OF CONCRETE BASIN. 
FILTRATION BASIN MAY BE BUILT 
DIRECTLY INTO GROUND OVER AN 
IMPERVIOUS GEOMEMBRANE IF SOIL 
CONDITIONS ALLOW. 

SAND BED 
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Use the Design Data 
Summary Sheet (Table 
SF-5) to record design 
information for the 
permitting agency’s review. 

Design Procedure – Sedimentation Basin 
The design procedure and application of design criteria for the Austin Sand Filter sedimentation basin are 
outlined in the following steps. This procedure is for full sedimentation design. Partial sedimentation 
devices are not recommended due to high maintenance concerns. 

Step 1 – Determine Water Quality Volume (WQV) 
Using the Appendix E in this Design Manual, determine the 
tributary drainage area and stormwater quality design volume 
(WQV) for 48-hour drawdown.  

Step 2 – Determine Sedimentation Basin Volume (Vsb) 
The volume of the sedimentation basin must be ≥ WQV 

Vsb = WQV (minimum) 

Step 3 – Determine Sedimentation Basin Water Depth (dsb)  
The allowable water depth in the sedimentation basin will be governed by the available hydraulic head, 
which will be based on the difference in elevation between the sedimentation basin inlet and the filltration 
basin outlet. The design dsb value should be ≥ 3 ft and ≤ 10 ft. Select a design depth in the allowable range 
that yields the required Vsb given any footprint area constraints. 

Step 4 – Determine Sedimentation Basin Area (Asb) 
Asb = Vsb / dsb 

Step 5 – Determine Sedimentation Basin Shape 
Determine overall length (Lsb) and width (Wsb) dimensions to yield the Asb for the basin, given any 
footprint area constraints. 

Asb = Lsb x Wsb 

The length-to-width ratio should be at least 2:1. If necessary, provide internal baffling to achieve this ratio 
and to mitigate short-circuiting and/or dead storage problems 

If the basin is not rectangular, shape the basin with a gradual expansion from the inlet and a gradual 
contraction toward the outlet. Design the basin to maximize the distance from the inlet (near where 
heavier sediment will be deposited) to the outlet structure. This configuration improves basin performance 
and reduces maintenance requirements. 

Step 6 – Determine Inlet/Outlet Design 
Design the inlet structure to convey the water quality volume to the unit and bypass flows in excess of 
this volume directly to the downstream storm drain system. Provide energy dissipation at the inlet to 
maintain quiescent conditions needed for effective sedimentation; keep inlet velocities at three (3) feet per 
second or less.  

The outlet structure conveys the water quality volume from the sedimentation basin to the filtration basin 
and should be a perforated riser pipe equipped with a trash rack to prevent clogging. Trash racks allow 
easy access for inspecting and cleaning outlet orifices. Size trash racks to prevent clogging of the outlet 
without restricting the hydraulic capacity of the outlet control orifices. 
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A trash rack shall be provided for the outlet. Opening in the rack should not exceed 1/3 the diameter of 
the vertical riser pipe. The rack should be made of durable material, resistant to rust and ultraviolet rays. 
The bottom rows of perforations of the riser pipe should be protected from clogging. To prevent clogging 
of the bottom perforations, it is recommended that geotextile fabric be wrapped over the pipe’s bottom 
rows and that a cone of one (1) to three (3) inch diameter gravel be placed around the pipe. If a geotextile 
fabric wrap is not used, the gravel must be large enough not to enter the riser piper perforations. An 
alternative design, such as geocomposite drain, may also be approved by the local permitting agency.  

Step 7 – Design the Basin to Avoid Short-Circuiting 
Design the sedimentation basin with baffles as needed to avoid short-circuiting (i.e., flow reaching the 
outlet before it passes through the sedimentation basin volume).  

Step 8 – Design the Sediment Trap (Optional) 
A sediment trap is a storage area that captures sediment and removes it from the basin flow regime, 
thereby inhibiting resuspension of solids during subsequent runoff events and improving long-term 
removal efficiency. The trap also helps the basin maintain adequate storage volume by reducing sediment 
that would otherwise accumulate within it; this, in turn, can reduce maintenance needs. If a sediment trap 
is provided, size the volume to be equal to 10 percent of the sedimentation basin volume and design it to 
completely drain within 48 hours. Place the invert of the drain pipe above the surface of the sand bed of 
the filtration basin and make sure the grading of the piping to the filtration basin is at least 1/4 inch per 
foot (two percent slope). Provide access for cleaning the sediment trap drain system. 

Figure SF-2.  
Example Sediment  
Trap Details 
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Step 9 – Determine Sedimentation Basin Liner Design  
If the sedimentation basin is an earthen structure and an impermeable liner is required to protect 
groundwater quality, the liner shall provide a maximum permeability of 1x10-6 cm/sec (ASTM Method 
D-2434). If an impermeable liner is not required, then install a geotextile fabric liner that meets the 
specifications listed in Table SF-3 unless the basin has been excavated to bedrock.  

Design Procedure – Filtration Basin 
The design procedure and application of design criteria for the Austin Sand Filter Filtration Basin are 
outlined in the following steps. 

Step 1 – Determine Minimum Filtration Basin Storage Volume 
The storage capacity of the filtration basin above the surface of the sand filter bed should be greater than 
or equal to 20 percent of the WQV. This capacity is necessary in order to account for backwater effects 
resulting from partially clogged filter media. 

Vfbs ≥ 0.2 x WQV 

Step 2 – Determine Filter Bed Surface Area 
Surface area is the primary design parameter for the filtration basin and is a function of sand permeability, 
filter bed depth, hydraulic head, and filtration rate. The design filter bed area should be the larger of the 
minimum area required for storage and the minimum area required for flow. 

a. Determine minimum filter surface area required for storage (Afbs)  

 Afbs = Vfbs / dfbs 

where 
Vfbs = Storage volume above filter bed  
Afbs = Filter bed surface area based on storage, ft2  
dfbs = Depth of storage above filter bed, ft (3 ft minimum) 

b. Determine minimum filter surface area required for flow (Aff)  

 
))(td+(k)(d

)d (WQV)( = A
fffbs

f
ff      

where 
WQV = Design Water Quality Volume, ft3 
Aff = Filter surface area based on flow, ft2  
df = Filter bed depth, ft 
k = Coefficient of permeability for sand filter, ft/h (0.146 ft/h) 
dfbs = Depth of storage above filter bed, ft 
tf = Time required for runoff volume to pass through filter, hrs (48 hrs) 

c. Use the larger of Afbs and Aff as design value for sand filter bed area 

Step 3 – Design Inlet Structure  
The inlet structure should spread the flow uniformly across the surface of the sand filter. Flow spreaders, 
weirs, or multiple orifice openings are recommended. See Figure SF-1 for an example inlet structure 
design. 
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Step 4 – Design Filter Bed 
The sand filter bed may be either of the two configurations given below. Sand bed depths are final, 
consolidated depths, so consolidation effects must be taken into account. 

a. Sand Bed with Gravel Underdrain (Figure SF-3) 

The sand layer shall be a minimum depth of 18 inches and shall consist of 0.02 to 0.04-inch 
diameter sand. Below the sand is a layer of 0.5 to 2-inch diameter gravel that provides a 
minimum of two (2) inches of cover over the top of the underdrain lateral pipes. No gravel is 
required under the lateral pipes. A layer of geotextile fabric meeting the specifications in Table 
SF-2 must separate the sand and gravel and must be wrapped around the lateral pipes.  

Drainage matting meeting the specifications in Table SF-2 should be placed under the laterals to 
provide for adequate vertical and horizontal hydraulic conductivity to the laterals. 

In areas with expected high sediment loads (total suspended solids concentration ≥ 200 mg/L), 
the two-inch layer of gravel on top of the sand filter should be underlain with Enkadrain 9120™ 
filter fabric or equivalent meeting the specifications in Table SF-2.  

b. Sand Bed with Trench Underdrain (Figure SF-4) 

The top layer shall be 12-18 inches of 0.02 to 0.04-inch diameter sand. Laterals shall be placed in 
trenches with a covering of 0.5 to 2-inch gravel and geotextile fabric (see Table SF-2). The 
laterals shall be underlain by a layer of drainage matting (see Table SF-2).  

In areas with expected high sediment loads, see the note above about use of Enkadrain filter 
fabric or equivalent. 

Step 5 – Design Underdrain Piping 
The underdrain piping consists of the main collector pipe(s) and perforated lateral branch pipes (see plan 
view in Figure SF-1). The piping should be reinforced to withstand the weight of the overburden. Internal 
diameters of lateral branch pipes should be six inches or greater and perforations should be 3/8 inch. Each 
row of perforations should contain at least six holes and the maximum spacing between rows of 
perforations should not exceed six inches. All piping is to be Schedule 40 polyvinyl chloride (PVC) or 
greater strength. The minimum slope of piping shall be 1/8 inch per foot (one (1) percent; slopes down to 
one-half (0.5) percent may be acceptable to the permitting agency). Access for cleaning all underdrain 
piping is needed. 

Note: Unlike the sedimentation basin, the filtration basin does not require a drawdown time for release. 
Thus, it is not necessary to have a specifically-designed orifice for the filtration basin outlet structure. 

Step 6 – Design Filtration Basin Liner  
If the filtration basin is an earthen structure and an impermeable liner is required to protect groundwater 
quality, the liner shall provide a maximum permeability of 1x10-6 cm/sec (ASTM Method D-2434). If an 
impermeable liner is not required, then install a geotextile fabric liner that meets the specifications listed 
in Table SF-3 unless the basin has been excavated to bedrock.  
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Table SF-2. Geotextile Fabric and Drainage Matting Specifications for Sand Filters 

Property Test Method Specifications 

Geotextile Fabric   
Material  Non-woven geotextile fabric 
Unit Weight  8 oz./yd (minimum) 
Filtration Rate  0.08 in./sec (minimum) 
Puncture Strength ASTM D-751 (Modified) 125 lbs (minimum) 
Mullen Burst Strength ASTM D-751 400 psi (minimum) 
Tensile Strength ASTM-D-1682 300 lbs (minimum) 
Equivalent Opening Size US Standard Sieve No. 80 (minimum) 

Drainage Matting   
Material  Non-woven geotextile fabric 
Unit Weight  20 oz./yd (minimum) 
Flow Rate (fabric)  180 gpm/ft2 (minimum) 
Permeability ASTM D-2434 12.4 x 10-2 cm/sec 
Grab Strength ASTM D-1682 Dry: Lg 90/Wd 70; Wet: Lg 95/Wd 70 
Puncture Strength COE CW-02215 42 lbs (minimum) 
Mullen Burst Strength ASTM-D-1117 400 psi (minimum) 
Equivalent Opening Size ASTM-D-1682 No. 100 (70-120) 
Flow Rate (Drainage Core) Drexel University 14 gpm/ft width 

Filter Fabric   
Material  Non-woven geotextile fabric 
Unit Weight  4.3 oz./yd (minimum) 
Filtration Rate  120 gpm/ft2 (minimum) 
Puncture Strength ASTM D-751 (Modified) 60 lbs (minimum) 
Thickness  0.8 in. (minimum) 

 

Construction Considerations 
• Divert flow around the sand filter to protect it from sediment loads during construction. If 

sediment does enter the facility during construction, the contractor will be required to remove soil 
from the unit after the entire site has been stabilized, to the satisfaction of the permitting agency 
inspector. 

• Where underdrains are used, ensure that the minimum slope of the pipe is 0.5 (1/2) percent. 
Where only gravel filtered water conveyance is provided, slope the filter floor towards the 
weepholes at a minimum of 0.5 (1/2) percent. 

• Ensure that the inverts of the notches, multiple orifices, or weirs dividing the sedimentation 
chamber from the filtration basin are completely level. Otherwise, water will not arrive at the 
filtration basin as sheet flow, and only the downgradient end of the filtration basin will function. 

• Inflow grates or slotted curbs may conform to the grade of the completed pavement as long as the 
filters, notches, multiple orifices, and weirs connecting the sedimentation and filter chambers are 
completely level. 

• Level the top of the sand filter bed in the filtration basin; no slope is allowed. 
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• If precast concrete lids are used, provide lifting rings or threaded sockets to allow easy removal 
with standard lifting equipment, considering the party that will be responsible for maintenance. 

• Once construction is complete, stabilize the entire tributary area to the filter before allowing 
runoff to enter the unit. 

Figure SF-3. Filter Bed with Gravel Underdrain 

FILTER FABRIC 
(IF REQUIRED. 
SEE TABLE SF-2) 
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IMPERMEABLE 
LINER (IF REQUIRED)
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NOT TO SCALE

Figure SF-4. Filter Bed with Trench Underdrain 
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Long-Term Maintenance  
The local permitting agencies in the Sacramento and South Placer areas will require execution of a 
maintenance agreement or permit with the property owner for projects including a sand filter. Check with 
the local permitting agency about the timing for execution of the agreement. Such agreements will 
typically include requirements such as those outlined in Table SF-3. The property owner or his/her 
designee will be responsible for compliance. See Appendix B for additional information about 
maintenance requirements and sample agreement language. 

Table SF-3. Inspection and Maintenance Recommendations for Sand Filters 
Activity Schedule 

Remove trash and debris collected in the sedimentation basin inlet area to maintain the 
inflow capacity of the sand filter and avoid bypassing of the unit. 

Before significant storm events 
during wet season (October 1 – 
April 30) 

Remove cover grates or precast lids on the sedimentation basin and inspect to 
determine if the system is functioning properly. Inspect for standing water, sediment, 
grass/vegetative debris, and trash on the trash racks at the outlet pipe or elsewhere in 
the unit. Schedule removal of observed materials and correct any other observed 
problems. Sediment removal should be scheduled when the sediment occupies 10 
percent of the basin volume. 

Inspect quarterly during first year of 
operation; semiannually after first 
year of operation 

Maintain as needed based on 
observations 

Inspect sediment trap (if applicable) and clean when full. Same as above 

Inspect the facility after large rain events to determine whether the facility is draining 
completely within 48 hours. Look for discoloration of the filter, which may be an 
indication of clogging. 

At least once during the wet season 
(October 1 – April 30) 

If drawdown time exceeds 40 hours, remove top two inches of sand. Restore sand layer 
depth to 18 inches when overall depth drops to 12 inches. 

As required.  

Add maintenance recommendations/methods for geotextile fabric, gravel bed, 
underdrains, as needed. 

 

Dispose of sand, gravel, or filter fabric contaminated with petroleum hydrocarbons in 
accordance with all applicable laws. 

As required 

Reconstruct or replace the control measure when it is no longer functioning properly.  See projected lifespan in Appendix B 
for informational purposes. 

 

References 
• California Stormwater Quality Association (CASQA). Stormwater Best Management Practice 

Handbook – New Development and Redevelopment. January 2003. 
• Urban Drainage and Flood Control District (UDFCD), Denver, Colorado. Urban Drainage 

Criteria Manual, Volume 3 – Best Management Practices. 1999.  
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Table SF-4. Design Data Summary Sheet for Sand Filter 

Designer:   Date:   

Company:     

Project:     

Location:     

1. Determine Design Water Quality Volume 

 a. Tributary drainage area 

 b. Water Quality Volume (based on 48 h drawdown) 

 

Area =   ft2 

WQV =   ft3 

2. Sedimentation Basin Volume (Vsb ≥ WQV) Vsb =   ft3 

3. Sedimentation Basin Depth (3 ft ≤ dsb ≤ 10 ft) dsb =   ft 

4.  Sedimentation Basin Area (Asb= Vsb / dsb)  Asb =   ft2 

5. Sedimentation Basin Shape 

 a. Sedimentation Basin Length (Lsb) 

 b. Sedimentation Basin Width (Wsb) 

 c. Sedimentation Basin L:W Ratio (2:1 minimum) 

 

Lsb =   ft 

Wsb =   ft 

L:W =    

6. Filtration Basin Storage Volume (Vfbs ≥ 0.2 x WQV) Vfbs =   ft3 

7. Filter Bed Surface Area 

 a. Minimum filter surface area for storage (Afbs)  

  Afbs = Vfbs / dfbs 

  where dfbs = Depth of storage above filter bed (3 ft min.)  

 b. Minimum filter surface area for flow (Aff) 

  Sand Bed Depth (df ≥ 1.5 ft) 

  Coefficient of permeability for sand (k = 0.146 ft/h) 

  Time required pass through filter (tf = 40 h) 

   
))(td+(k)(d

)d (WQV)( = A
fffbs

f
ff  

 c. Final design filter bed surface area (Afb) 

 

 

Afbs =   ft2 

 

dfbs =   ft 

df =    ft 

k =    ft/hr 

tf =    hr 

Aff =   ft2 

Afb =   ft2 

8. Filter Bed Design (Check Type Used) 

  Sand Bed with Gravel Underdrain   Sand Bed with Trench Underdrain 
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Description 
A stormwater planter is a low-lying vegetated planter 
that receives runoff from roof drains or adjoining 
paved areas. A shallow surcharge zone above the 
vegetated surface temporarily stores stormwater (the 
water quality volume, WQV). The accumulated runoff 
gradually infiltrates into an underlying sand/peat bed 
and then into a gravel layer. If the planter is a flow-
through stormwater planter, it has an impermeable 
bottom liner and an underdrain pipe to collect the 
treated water and discharge it to the municipal storm 
drain. Planters without an impermeable bottom liner 
(infiltration planters) will also require an underdrain 
when the underlying soils are less permeable than the 
planter’s sand/peat layer. 
 
 

Siting Considerations 
• Tributary Drainage area: Typically ≤ 1 acre. 
• Depth to Groundwater: > 10 ft from planter soil surface (only 

applies to infiltration planter without underdrain). 
• Slope: Relatively flat. 
• Soils: For soil types C and D, use a flow-through planter with a 

bottom liner and underdrain. For soil types A and B, an 
infiltration-type planter may be used, but an underdrain may be 
required if the underlying soils have lower permeability than the 
planter’s sand/peat layer. 

• Setback: Flow-through planter is required if within 10 ft. of 
building foundation unless otherwise specified by local 
permitting agency. 

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly reduced or eliminated if the planter 

is properly designed, constructed, and maintained. 

Advantages 
• Relatively inexpensive when integrated into site landscaping. 
• Suitable for parking lots and sites with limited space.  
• Reduces peak flows during small storm events.  
• Attractive and relatively easy to maintain. 

Limitations  
• Not appropriate for industrial sites or locations where spills may occur, unless infiltration is 

prevented. 
• Not suitable for steeply sloping areas. 

General Maintenance Recommendations (Low to Moderate) 
• Periodically remove debris and sediment from planter. 
• Repair/replace vegetation as necessary to maintain full cover. 
• See table SP-2 for additional vegetation maintenance recommendation. 

Photo Credit: City of Portland 

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment High 
Nutrients Low 
Trash Medium 
Metals*  High 
Bacteria* Medium 
Oil and Grease High 
Organics* High 

*The following are target pollutants for 
Sacramento area: copper; lead; mercury; 
pathogens; diazinon; and chlorpyrifos. 
Source: CASQA California Stormwater 
BMP Handbook, January 2003 
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Parking lot rain garden, Kansas City, MO Residential rain garden, Minnesota 

Early Design Is 
Critical! 
Stormwater planters must be 
located on the site plan at the 
earliest possible design 
phase when laying out the 
building and parking 
footprints and before the site 
grading plan is prepared. 

How does a Stormwater Planter work? 
A stormwater planter is designed to receive runoff from downspouts, piped inlets or sheet flow from 
adjoining paved areas. A shallow surcharge zone above the vegetated surface temporarily stores runoff 
(the water quality volume or WQV). The runoff gradually infiltrates through the root zone of the 
vegetation and into the underlying sand/peat bed where it fills the pore spaces. A variety of natural 
mechanisms remove pollutants from the runoff as it infiltrates through the root zone and is detained in the 
sand/peat bed before reaching a base layer of gravel.  

If infiltration to the underlying soil is not possible or desired, a flow-through stormwater planter with an 
impermeable bottom liner and underdrain should be used. The underdrain gradually dewaters the 
sand/peat bed over the drawdown period and discharges the runoff to the downstream storm drain system. 
If an infiltration planter is used, there is no impermeable bottom liner, and runoff percolates into the 
ground. An underdrain may still be needed if the permeability of the underlying soils is lower than the 
sand/peat layer, but at least a portion of the treated runoff will infiltrate into the underlying soil. See 
Figures SP-1 and SP-2 for typical stormwater planter configurations.  

Other Names: Bioretention, Infiltration Planter, Flow-through Planter, Biofilter, Porous Landscape 
Detention, Rain Garden 

Planning and Siting Considerations 
• For infiltration type planters, consult a geotechnical 

engineer about site suitability. 
• Select location where site topography is relatively flat 

and allows runoff drainage to the stormwater planter. 
• Integrate stormwater planters into other landscape areas 

when possible. 
• Stormwater planters may be located within landscape 

areas as “rain gardens” and may have a non-rectangular 
footprint to fit the site landscape design. 

• In expansive (C, D) soils, locate stormwater planters far 
enough from structures to avoid damage to foundations (as determined by a structural or 
geotechnical engineer). 10 feet is given as a rule-of-thumb on the first page of this fact sheet. 
Alternatively, use a flow-through stormwater planter. 
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Design Criteria 
Design criteria for stormwater planters are listed in Table SP-1. A Design Data Summary Sheet (Table 
SP-3) is provided at the end of this fact sheet. 
 

Table SP-1. Stormwater Planter Design Criteria  

Design Parameter Criteria Notes 

Tributary drainage 
area 

≤ 1 acre Ideally suited for small areas such as parking lot islands, perimeter building 
planters, street medians, roadside swale features, and site entrance or 
buffer features. Can be implemented on a larger scale, provided the WQV 
and average depth requirements are met. 

Design volume WQV See Appendix E in this Design Manual 

Design drawdown time 12 hrs Period of time over which WQV drains from planter. 

Design average 
surcharge depth (ds) 

6-12 in.  

Containment curb  
(if applicable) 

height >6 in. Design to deter skateboarding and satisfy ADA requirements 

Inlet curb cuts  
(if applicable) 

≥ 12 in.  
wide 

To prevent clogging and promote flow spreading. Pavement should be 
slightly higher than swale. Include energy dissipaters. 

Topsoil layer 6 in. 
(minimum) 

Sandy loam topsoil. Deeper layer recommended for better vegetation 
establishment 

Sand-peat layer  18 in. 
(minimum) 

Design mix to achieve approx. 3-4 inches/hr infiltration rate and provide 12 
hour drawdown; check with permitting agency for verification. 

Gravel layer 9 in. ASSHTO #8 Coarse Aggregate 

Filter fabric  Between sand/peat and gravel layers  

Minimum width 30 in.  

Underdrain  
(as required) 

3-4-inch 
perforated 

pipe 

For all flow-through planters, planters within 10 ft. of a building foundation, 
and infiltration planters where underlying soils have lower permeability than 
the planter’s sand/peat media layer 

Overflow device Varies Connect to storm drain system. See Figures SP-1 and SP-2 for 
recommended designs. Alternative designs may be allowed; check with 
permitting agency. 

Waterproofing 
membrane 

 Required for planters adjacent to building foundations. 

Design Procedure 

Step 1 – Calculate Water Quality Volume (WQV) 
Using the calculations given in Appendix E, determine the contributing area and stormwater quality 
design volume, WQV, based on a 12-hour drawdown period.  

Step 2 – Design average surcharge depth (ds) 
Select the average WQV depth between six (6) and twelve (12) inches. Average depth is defined as water 
volume divided by the water surface area of the planter. 
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Step 3 – Calculate planter surface area (AS) 
The design surface area of the planter is determined from the design WQV and ds as follows: 

AS = WQV/ds (see Figures SP-1 and SP-2) 

Step 4 – Design base courses 
Bottom Gravel layer – Provide a 9-inch gravel layer (ASSHTO #8 Coarse Aggregate) 

Sand/Peat layer – Provide an 18-inch (minimum) sand and peat layer over the gravel layer as shown in 
Figures SP-1 and SP-2. Place filter fabric between sand/peat mixture and gravel layer. 

Topsoil layer – Provide a sandy loam topsoil layer above the sand/peat mix layer. This layer should be a 
minimum of six (6) inches deep, but a deeper layer is recommended to promote healthy vegetation. 

Step 5 – Select subbase liner 
If expansive soils or rocks are a concern, chemical or petroleum products are handled or stored within the 
tributary catchment, or infiltration is not desired for any reason, use a flow-through stormwater planter 
with an impermeable liner (see Figure SP-2). Otherwise, use an infiltration stormwater planter and install 
a non-woven geotextile membrane below the gravel layer to allow infiltration. 

Step 6 – Provide underdrain if needed 
Provide a perforated underdrain pipe if the planter has an impermeable bottom liner or if the underlying 
soils are less permeable than the sand/peat layer. Size the underdrain to ensure a 12-hour drawdown and 
connect it to the downstream storm drain system. 

Step 7 – Select vegetation 
Select vegetation that:  

• Is suited to well-drained soil but will withstand being inundated for periods of time; 
• Will be dense and strong enough to stay upright, even in flowing water; 
• Has minimum need for fertilizers; 
• Is not prone to pests and is consistent with integrated pest management practices which promote 

less use of chemical pesticides; and 
• Is consistent with local water conservation requirements. 

Avoid the use of bark or similar buoyant material that will tend to float when the vegetated area is 
inundated. Check with the local agency’s Ordinance if the planter will be used to satisfy landscaping 
requirements.  

Step 8 – Design overflow device 
Provide an overflow device with an inlet to the storm drain system. Set the overflow inlet elevation above 
the WQV surcharge water level. A drop inlet or an overflow standpipe with an inverted opening are 
appropriate overflow devices (see Figures SP-1 and SP-2). 

Construction Considerations 
• Divert runoff (other than necessary irrigation) during the period of vegetation establishment. 

Where runoff diversion is not possible, cover graded, seeded, and/or planted areas with suitable 
erosion control materials. 

• For planters flush with the surrounding landscape, install sediment controls (e.g., staked straw 
wattles) around the planter to prevent high sediment loads from entering the planter during 
construction activities.  

• Repair, seed, or re-plant damaged areas immediately.  
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Long-Term Maintenance  
The local permitting agencies in the Sacramento and South Placer areas will require execution of a 
maintenance agreement or permit with the property owner for projects including a stormwater planter. 
Check with the local permitting agency about the timing for execution of the agreement. Such agreements 
will typically include requirements such as those outlined in Table SP-2. The property owner or his/her 
designee will be responsible for compliance. See Appendix B for additional information about 
maintenance requirements and sample agreement language. 
 

Table SP-2. Inspection and Maintenance Recommendations for Stormwater Planter 

Activity Schedule 

Trim vegetation (as applicable) and remove weeds to limit 
unwanted vegetation. 

As needed  

Remove litter and debris from landscape area. As needed 

Use integrated pest management (IPM) techniques to 
reduce use of chemical pesticides and herbicides. 

Monitor for pests regularly and take other action as 
needed 

Inspect the planter to determine if runoff is infiltrating 
properly. 

At least twice per year during storm events. Additional 
inspections after periods of heavy runoff are desirable. 

If infiltration is significantly reduced, remove and replace 
topsoil and sand/peat layer. 

May be required every 5 to 10 years or more 
frequently, depending on sediment loads 

Reconstruct or replace the control measure when it is no 
longer functioning properly. 

See projected lifespan in Appendix B for informational 
purposes. 

 

Figure SP-1. Infiltration Stormwater Planter Configuration  
(other media mix and overflow design options may be allowed; check with permitting agency for verification)
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Figure SP-2. Flow-through Stormwater Planter Configuration  
(other media mix and overflow design options may be allowed; check with permitting agency for verification)   
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Table SP-3. Design Data Summary Sheet for Stormwater Planter 
Designer:    Date:   

Company:      

Project:      

Location:      

1. Determine Design Water Quality Volume 

 a. Tributary drainage area 

 b. Water Quality Volume  

 

Area =    ft2 

WQV =    ft3 

2. Design average surcharge depth (ds)  

 ds = 6–12 inches (0.5–1 foot) 

 

ds =    ft 

3. Design Planter Surface Area (As) 

 As = WQV/ds 

 

As =    ft2 

4. Base Course Layers 

 a. Topsoil (6 in. minimum) 

 b. Sand/Peat Layer (18 in. minimum) 

 c. Gravel Layer (9 in. minimum) 

 

    in. 

    in. 

    in. 

5. Planter Type (check type used) 

   Infiltration without underdrain   Infiltration with underdrain  
   Flow-through with impermeable liner 

6. Vegetation (describe)   

     

             

7. Overflow Device (check type used or describe “Other”) 

   Drop inlet   Standpipe 

  Other           

            

Notes:     

     

            

 

 



Technical Requirements Vegetated Swale 

Stormwater Quality Design Manual for the Sacramento and South Placer Regions  
May 2007 VS-1 

Description 
A vegetated swale is a wide, shallow, open channel 
planted with dense, sod-forming vegetation and 
designed to accept runoff from adjacent surfaces. 
As the runoff slows and travels through the 
vegetation and over the soil surface, pollutants are 
removed by a variety of physical and chemical 
mechanisms, including sedimentation, filtration, 
adsorption, precipitation, and microbial degradation 
and conversion.  
 

 
Siting Considerations 

• Drainage area: 10 acres maximum per swale. 
• Longitudinal Bottom Slope: 0.5%-2.5% 
• Underdrains required for slopes less than 1%. For slopes up to 

5%, check dams can be used to reduce slopes to 2.5%. 
• Minimum Bottom width: 2 ft. 
• Side slopes: 3:1 or flatter.  
• Liners may be required in areas where swales may be impacted 

by hazardous materials or where spills may occur (e.g., retail 
gasoline outlets, auto maintenance businesses, 
processing/manufacturing areas). 

• Surface flow into swale preferred instead of underground 
conveyance. 

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly. 

reduced or eliminated if the swale is properly designed, constructed, and maintained. 

Advantages 
• Relatively inexpensive when used to replace part of a conventional storm drainage system and 

integrated into site landscaping.  
• Provides both stormwater treatment and conveyance. 
• Reduces peak flows during small storm events.  
• Attractive and easy to maintain.  

Limitations  
• May conflict with water conservation ordinances related to landscape irrigation needs. 
• May not be appropriate for industrial sites or locations where spills may occur unless liner is used 

to prevent infiltration. 

General Maintenance Recommendations (Low to Moderate) 
• Periodically remove debris and sediment from inlets and swale. 
• Repair/replace vegetation as necessary to maintain full cover and prevent erosion. 
• See table VS-2 for additional vegetation maintenance recommendation. 

  

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment Medium 
Nutrients Low 
Trash Low 
Metals*  Medium 
Bacteria* Low 
Oil and Grease Medium 
Organics* Medium 

*The following are target pollutants for 
Sacramento area: copper; lead; mercury; 
pathogens; diazinon; and chlorpyrifos 
Source: CASQA California Stormwater 
BMP Handbook, January 2003 
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How does a Vegetated Swale work? 
A vegetated swale differs from a conventional drainage channel or roadside ditch due to the incorporation 
of specific features that enhance stormwater pollutant removal. A vegetated swale is designed to control 
flow velocities through the vegetation in the swale and to provide sufficient contact time to promote 
settling and filtering of the runoff flowing through it. Greater surface area and contact time promote 
greater runoff treatment efficiencies. The volume of runoff can also be reduced through infiltration into 
underlying soils.  

Runoff is treated as it flows through, not over, the vegetation in a 
vegetated swale. Vegetation can cause considerable turbulence, 
resulting in energy loss and retardance of flow. To provide 
adequate treatment, the vegetation must be dense and strong.  

Other Names: Grassy swale, bioswale 

Planning and Siting Considerations 
• Select location where site topography allows for the design 

of a channel with sufficiently mild slope (unless small drop 
structures are used) and enough surface area to maintain 
non-erosive velocities in the channel. 

• Integrate swales into open space buffers, undisturbed 
natural areas, and other landscape areas when possible. Do 
not place in open space or wetland preserve areas where 
future maintenance could be prohibited. 

• For parking lot design, stalls can be shortened if tire curbs 
are provided around the perimeter of the swale and cars are 
allowed to overhang the swale (see Farm Bureau photo).  

Alternative vegetation is encouraged but is 
subject to approval of local permitting 
agency. Parking lot swale at Elk Grove 
Marketplace, Elk Grove, CA. Photo: CKB 
Environmental 

Vegetated Swale Planted with Native Clump Grasses (note that trees 
as shown are now discouraged; locate outside of flowline), U.S. Farm 
Bureau, Sacramento. Photo: City of Sacramento 

Roadside Swale. Photo: City of Spokane 
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Early Design Is Critical! 
Vegetated swales must be 
located on the site plan at the 
earliest possible design phase 
when laying out the building 
and parking footprints and 
before the site grading plan is 
prepared.  

• In parking lots, plan areas for pedestrians to cross 
swales without damaging vegetation. 

• The required swale length to meet treatment criteria 
for a 1-acre project site is typically in the range of 75 
to 100 feet. The length will vary depending on several 
variables, including the geometry of the swale and the 
runoff coefficient for the site.  

Design Criteria 
Design criteria for vegetated swales are listed in Table VS-1. 
Use the Design Data Summary Sheet provided at the end of 
this fact sheet (Table VS-3) to record design information for the permitting agency’s review. 
 

Table VS-1. Vegetated Swale Design Criteria 

Design Parameter Criteria Notes 

Tributary drainage area ≤ 10 acres For larger areas, break up into sub-sheds of 10 acres or less, with a 
swale for each 

Water Quality design flow WQF See Appendix E in this Design Manual. 

Roughness coefficient (n) for 
treatment design 

0.2 Reflects the roughness associated with shallow flow through dense 
vegetation. 

Roughness coefficient (n) for 
conveyance design 

0.1 Reflects the roughness of swale when depth of flow is above the 
height of the grass. To be used to determine capacity of swale to 
convey peak hydraulic flows 

Minimum contact time for 
treatment of the WQF 

7 minutes Provide sufficient length to yield minimum contact time for the WQF

Minimum bottom width 2 ft  

Maximum bottom width 10 ft Swales wider than 10 feet must meet additional flow spreading 
requirements. 

Maximum side slopes 3:1 Side slopes must allow for ease of mowing. Steeper slopes may be 
allowed with adequate slope stabilization. 

Longitudinal slope 0.5-2.5%  

Check dams As required For longitudinal slope > 2.5% but less than 5%, and as a means of 
promoting more infiltration. Spacing as required to maintain 
maximum longitudinal bottom slope ≤ 2.5%. 

Underdrains As required For longitudinal slope < 1.0%  

Maximum depth of flow 
(treatment) 

3-5 in. 1 inch below top of vegetation 

Maximum flow velocity 
(treatment) 

1 ft/sec Based on Manning’s n = 0.20. Concentrated inlet flow must be 
spread  

Inlet Design/Curb cuts ≥ 12 in. wide To prevent clogging and promote flow spreading, pavement should 
be slightly higher than swale. Include energy dissipaters/flow 
spreaders such as cobble, porous concrete, or gravel at inlet. 
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Record all of your 
calculations on the 
Vegetated Swale Design 
Data Summary Sheet (Table 
VS-3) at the end of this 
section. The data sheet will 
be checked by the agency 
plan review staff.  

Design Procedure 

Step 1 – Determine the vegetated swale’s function 
The vegetated swale can be designed to function as both a treatment control measure for the stormwater 
quality design flow and as a conveyance system to pass the peak hydraulic design flows, if the swale is 
located “on-line”.  

Step 2 – Calculate Water Quality Flow (WQF) 
Using Appendix E in this Design Manual, determine the contributing area and stormwater quality design 
flow, WQF.  

Step 3 – Provide for peak hydraulic design flows  
Using local hydrologic design criteria, calculate flows greater than WQF to be diverted around or flow 
through the swale. Design the diversion structure, if needed.  

Step 4 – Design the vegetated swale using Manning’s Equation 
Swales can be trapezoidal or parabolic in shape, as illustrated in Figure VS-1. While trapezoidal channels 
are the most efficient for conveying flows, parabolic configurations provide good water quality treatment 
and may be easier to mow since they don’t have sharp breaks in slope.  

Use a roughness coefficient (n) of 0.20 with Manning’s Equation to design the treatment area of a swale 
to account for the flow through the vegetation. To determine the capacity of the swale to convey peak 
hydraulic flows, use a roughness coefficient (n) of 0.10 with Manning’s Equation. 

Manning’s Equation 

2/1
3/2

3/5

n
1.49 =  s

P
AQ ×  

where 

Q = WQF, (cfs) 
A = Cross sectional area of flow, (ft2 ) 
P = Wetted perimeter of flow, (ft) 
s = Bottom slope in flow direction, (ft/ft) 
n = Manning’s n (roughness coefficient) 

For treatment design, solve Manning’s equation by trial and error to determine a bottom width that yields 
a flow depth of 3 to 5 inches at the design WQF and the swale geometry (i.e., side slope and s value) for 
the site under design. 

Step 5 – Design Inlet Controls 
• For flow introduced along the length of the swale through curb cuts, provide minimum curb cut 

widths of 12 inches and avoid short-circuiting the swale by providing the minimum contact time 
of 7 minutes.  

• For swales that receive direct concentrated runoff at the upstream end, provide an energy 
dissipater, as appropriate, and a flow spreader such as a pea gravel diaphragm flow spreader at the 
upstream end of the swale. 
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Step 6 – Select Vegetation  
A full, dense cover of sod-forming vegetation is typically recommended for vegetated swales, since most 
pollutant removal performance studies are based on use of grass. Alternative vegetation such as shrubs 
and groundcovers may also be allowed; check with the local permitting agency.  

Select vegetation that:  

• Will be dense and strong enough to stay upright, even in flowing water and steep slopes; 
• Has minimum need for fertilizers; 
• Is not prone to pests and will not require a lot of pesticide/herbicide application, consistent with 

any integrated pest management (IPM) practices or policies of the local permitting agency;  
• Will withstand being inundated for periods of time; and 
• Needs little supplemental water, consistent with local water conservation ordinances. Bunch-type 

grasses or grass mixes are preferred. 

Check with the permitting agency for approved plant and tree lists. Do not use bark or similar buoyant 
material in the swale or around drain inlets or outlets.  

Construction Considerations 
• Divert runoff (other than necessary irrigation) during the period of vegetation establishment. 

Where runoff diversion is not possible, cover graded and seeded areas with suitable erosion 
control materials. 

• Install sediment controls (e.g., staked straw wattles) around the swale to prevent high sediment 
loads from entering the swale during ongoing upstream construction activities.  

• Repair, seed, or re-plant damaged areas immediately.  
• Apply erosion control measures as needed to stabilize side slopes and inlet areas.  

Long-Term Maintenance  
The local permitting agencies in the Sacramento and South 
Placer areas will require execution of a maintenance 
agreement or permit with the property owner for projects 
including a vegetated swale. Check with the local 
permitting agency about the timing for execution of the 
agreement. Such agreements will typically include 
requirements such as those outlined in Table VS-2. The 
property owner or his/her designee will be responsible for 
compliance. See Appendix B for additional information 
about maintenance requirements and sample agreement 
language. 

 
 

Swales with rock in the flowline are discouraged due 
to high maintenance needs (including use of weed 
killers) and potential for mosquito breeding. 
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Table VS-2. Inspection and Maintenance Recommendations for Vegetated Swales 

Activity Schedule 

Mow grass to maintain a height of 4 to 6 inches or above depth of flow 
at WQF. 

As needed to maintain optimum grass 
height 

Use integrated pest management (IPM) techniques to minimize use of  
fertilizers, pesticides and herbicides. 

As needed 

Remove trash and debris from the swale (especially the outlet) As needed 

Inspect swale for signs of erosion, vegetation damage/coverage, 
channelization problems, debris build-up and excessive sedimentation 
in bottom of channel. Correct problems (e.g., remove sediment or 
stabilize, re-seed eroded areas) as soon as possible.  

At least twice annually. Schedule one 
inspection at the end of the wet season so 
that summer maintenance can be 
scheduled to prepare swale for wet 
season. Additional inspections after 
periods of heavy runoff are desirable. 

Remove sediment in inlet areas, channel, culverts, and outlets 
whenever flow into the swale is retarded or blocked. 

As needed 

Repair ruts or holes in the channel by removing vegetation, adding and 
tamping suitable soil, and reseeding. Replace damaged vegetation. 

As needed 

Inspect swale for obstructions (e.g., debris accumulation, invasive 
vegetation) and pools of standing water that can provide mosquito-
breeding habitat. Correct observed problems as soon as possible.  

At least twice during the wet season after 
significant storms. Additional inspections 
after periods of heavy runoff are desirable.

Reconstruct or replace the control measure when it is no longer 
functioning properly. 

See projected lifespan in Appendix B for 
informational purposes. 
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Figure VS-1. Vegetated Swale  

TRAPEZOIDAL VEGETATED SWALE –  SECTION
NOT TO SCALE

ADAPTED FROM URBAN STORM DRAIN CRITERIA MANUAL
VOL. 3 - BEST MANAGEMENT PRACTICES,

URBAN DRAINAGE AND FLOOD CONTROL DISTRICT,11/99

INLET

OUTLET

A

A
 
  

CHECK DAM 

 FOR SLOPES > 2.5% RIPRAP ENERGY DISSIPATOR

FLOW SPEADER FOR 
CONCENTRATED FLOWS

TRAPEZOIDAL VEGETATED SWALE  –  PLAN

NOT TO SCALE

3 (MINIMUM) 
1

BOTTOM WIDTH

4" PERFORATED PIPE UNDERDRAIN 
IN 9 " COARSE AGGREAGATE (AASHTO #8) 
REQUIRED FOR SLOPES < 1% 
USE GEOEXTTILE FABRIC AROUND PIPE 
AND GRAVEL 

6" SANDY LOAM TOP SOIL

                   6" SAND 

  

GRASS HEIGHT 
4" TO 6"

DEPTH OF FLOW AT WQF 
< HEIGHT OF GRASS

SWALE LENGTH
SUFFICIENT TO PROVIDE MINIMUM CONTACT TIME OF 7 MINUTES

IMPERMEABLE LINER 
(IF REQUIRED TO PREVENT 

INFILTRATION
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Table VS-3. Design Data Summary Sheet for Vegetated Swale 

Designer:    Date:   

Company:      

Project:      

Location:      

1. Design Flow: WQF = I x C x A 

 a.  I = Design Intensity = 0.18 in/hr 

 b.  C = Runoff Coefficient 

 c.  A = Tributary area 

WQF =   cfs  

I =    in/hr 

C =    

A =    acres 

2. Swale Geometry 

 a.  Swale Bottom Width (b) 

 b.   Side slope (Z) 

 

b =    ft 

Z =    

3. Depth of flow (d) at WQF (3”-5” with Manning’s n= 0.20) d =    in 

4.  Design Slope  

 a.  s = 1% minimum without underdrains; 4% maximum without 
grade controls 

 b.  Number of grade controls required 

 

s =    % 
 

   (number) 

5. Design flow velocity (Manning’s n= 0.20) V =   ft/sec 

6. Contact Time (tc = 7 minutes minimum) tc =    minutes 

7. Design Length  

 L = (tc) x (flow velocity) x 60 

 

L =    ft 

8. Vegetation (describe)   

  

  

9. Outflow Collection (Check type used or describe “Other”) 

  Grated Inlet  Infiltration Trench   Underdrain Used 

  Other      

Notes:     
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Description 
A Vegetated Filter Strip is a gently sloped soil 
surface planted with dense, sod-forming vegetation 
and designed to receive and treat sheet flow runoff 
from adjacent surfaces. As the runoff flows through 
the vegetation and over the soil surface at a shallow 
depth, pollutants are removed by a variety of 
physical, chemical, and biological mechanisms, 
including sedimentation, filtration, adsorption, 
precipitation, and microbial degradation and 
conversion. 
 

Siting Considerations 
• Drainage area: 5 acres maximum per filter strip. 
• Longitudinal Slope: 1% - 4% 
• Terracing may be used for slopes > 4% 
• Minimum length in flow direction: 25 ft. 
• Minimum depth to groundwater table: 2 ft. 
• Maximum ponding depth: 1 ft. 
• Type A & B soils only. 

Vector Considerations 
• Potential for mosquitoes due to standing water will be greatly 

reduced or eliminated if the strip is properly designed, 
constructed, and operated. 

Advantages 
• Relatively inexpensive when used to replace part of a 

conventional storm drainage system and integrated into site 
landscaping.  

• Attractive. 
• Easy to maintain. 

Limitations  
• Possible conflicts with water conservation ordinances for landscape irrigation requirements. 
• Not appropriate for industrial sites or locations where spills may occur. 
• Removes high percentage of particulate pollutants, but not soluble pollutants. 

General Maintenance Recommendations (Low to Moderate) 
• Periodically remove debris and sediment from filter strip surface. 
• Repair/replace vegetation as necessary to maintain full cover and prevent erosion.  
• See table VFS-2 for additional vegetation maintenance recommendation. 

Caltrans   

POLLUTANT REMOVAL 
EFFECTIVENESS 

 
Sediment Medium 
Nutrients Low 
Trash Low 
Metals*  Medium 
Bacteria* Low 
Oil and Grease Medium 
Organics* Medium 

*The following are target pollutants for 
Sacramento area: copper; lead; mercury; 
pathogens; diazinon; and chlorpyrifos 
Source: CASQA California Stormwater 
BMP Handbook, January 2003 
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Do not confuse a 
Vegetated Filter Strip 
with a Vegetated Swale, 
described elsewhere in 
this manual, or a grass 
buffer strip, which is used 
as a low impact design 
strategy or for 
pretreatment. The latter 
provides only limited 
pollutant removal 
because of higher 
application rates, and it 
requires downstream 
treatment controls.  

How does a Vegetated Filter Strip work? 
A Vegetated Filter Strip is designed to create shallow sheet flow of 
runoff over a gently sloping, densely vegetated surface. Treatment of 
the runoff occurs through a variety of natural mechanisms as the 
runoff flows through the vegetation and over the soil surface. To 
ensure adequate treatment, the vegetation must be dense and strong. 
Greater surface area and contact time promote greater runoff 
treatment efficiencies. The volume of runoff can be reduced through 
infiltration into underlying soils. See Figure VFS-1 for a typical 
Vegetated Filter Strip configuration.  

Other Names: Grass filter strips, Biofilter 

Planning and Siting Considerations 
• Select location where site topography allows for the design 

of filter strips with proper slopes in flow direction. 
• Integrate Vegetated Filter Strips into open space buffers, undisturbed natural areas, and other 

landscape areas when possible. 
• For parking lot design, stalls can be shortened if tire curbs are provided around the perimeter of 

the filter strip and cars are allowed to overhang the filter strip. 
• Irrigation is typically required to maintain viability of the filter strip vegetation. Coordinate 

design of general landscape irrigation system with that of the Vegetated Filter Strip, as applicable.  

Design Criteria 
Design criteria for Vegetated Filter Strips are listed in Table VFS-1. Use the design data summary sheet 
(Table VFS-3) provided at the end of this fact sheet to record design information for review by the agency 
plan reviewer. 
 

Table VFS-1. Vegetated Filter Strip Design Criteria 

Design Parameter Criteria Notes 
Drainage area ≤ 5 acres For larger areas, break up into sub-sheds of 5 acres or less with a filter strip for 

each. 

Design flow WQF See Appendix E in this Design Manual. 

Maximum linear 
application rate (qa) 

0.005 cfs/ft 
of width 

Rate at which runoff is applied across the top width of filter strip. This rate, 
combined with the design flow, will define the design width of filter strip. 

Minimum slope in 
flow direction 

1% Gentler slopes are prone to ponding of water on surface 

Maximum slope in 
flow direction 

4% Steeper slopes are prone to channeling 

Minimum length in 
flow direction  

25 ft Most treatment occurs in the first 25 feet of flow. Longer lengths will typically 
provide somewhat higher levels of treatment  

Vegetation height 
(typical) 

2 – 4 in. Vegetation should be maintained at a height greater than the depth of flow at 
design flow rate but sufficiently low to prevent lodging or shading. 
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Use the design data 
summary sheet (Table 
VFS-3) provided at the 
end of this fact sheet to 
record design information 
for review by the agency 
plan reviewer. 

Early Design Is 
Critical! 
Vegetated Filter Strips 
must be located on the 
site plan at the earliest 
possible design phase 
when laying out the 
building and parking 
footprints and before the 
site grading plan is 
prepared.   

Design Procedure 

Step 1 – Calculate Water Quality Flow (WQF) (Flow-Based 
Control Measure) 
Using the Appendix E in this Design Manual, determine the 
contributing area and water quality design flow, WQF.  

Step 2 – Calculate minimum width of Vegetated Filter Strip 
(WVFS) 
The design minimum width of the Vegetated Filter Strip (WVFS) 
normal to flow direction is a determined from the design WQF and 
the minimum application rate (qa), as follows: 

WVFS = (WQF)/(qa) 

WVFS = (WQF)/0.005 cfs/ft (minimum) 

Step 3 – Determine the minimum length of Vegetated Filter Strip in the flow direction 
The length of the filter strip in the flow direction must be a minimum of 25 feet. Greater lengths are 
desirable, as somewhat better treatment performance can typically be expected.  

Step 4 – Determine design slope 
Slope of the filter strip surface in the direction of flow should be between one (1) percent and four (4) 
percent to avoid ponding and channeling of flow. Terracing may be used to maintain a slope of four (4) 
percent in steeper terrain. 

Step 5 – Design inlet flow distribution 
Incorporate a device such as slotted curbing, modular block porous pavement, or other spreader devices at 
the upstream end of the filter strip to evenly distribute flow along the top width. Concentrated flow 
delivered to the filter strip must be distributed evenly by means of a level spreader as shown in Figure 
VFS-1. 

Step 6 – Select vegetation  
A full, dense cover of sod-forming vegetation is necessary for the 
filter strip to provide adequate treatment.  

Select vegetation that:  

• Will be dense and strong enough to stay upright, even in 
flowing water; 

• Has minimum need for fertilizers; 
• Is not prone to pests and is consistent with IPM practices; 
• Will withstand being inundated for periods of time; and 
• Is consistent with local water conservation ordinance 

requirements. 

Do not use bark or similar buoyant material in the filter strip or around drain inlets or outlets. 

Step 7 – Design outlet flow collection 
Provide a means for outflow collection and conveyance (e.g., grass channel/swale, storm drain, gutter). 
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Step 8 – Design irrigation system  
Provide an irrigation system to maintain viability of filter strip grass. 

Construction Considerations 
• Divert runoff (other than necessary irrigation) during the period of vegetation establishment. 

Where runoff diversion is not possible, cover graded and seeded areas with suitable erosion 
control materials. 

• Install sediment controls (e.g., staked straw wattles) around the filter strip to prevent high 
sediment loads from entering the filter strip during ongoing upstream construction activities.  

• Repair, seed, or re-plant damaged areas immediately.  

Long-Term Maintenance  
The local permitting agencies in the Sacramento and South Placer areas will require execution of a 
maintenance agreement or permit with the property owner for projects including a vegetated filter strip. 
Check with the local permitting agency about the timing for execution of the agreement. Such agreements 
will typically include requirements such as those outlined in Table VFS-2. The property owner or his/her 
designee will be responsible for compliance. See Appendix B for additional information about 
maintenance requirements and sample agreement language. 
 

Table VFS-2. Inspection and Maintenance Recommendations for Vegetated Filter Strips 

Activity Schedule 

Mow grass to maintain a height of 2 to 4 inches (typical). As required 

Use integrated pest management (IPM) techniques to 
minimize use of  fertilizers, pesticides and herbicides. 

As required 

Remove trash and debris from the filter strip. As required 

Inspect filter strip for signs of erosion, vegetation 
damage/coverage, channel formation problems, debris build-
up, and excessive sedimentation on the surface of the strip. 
Correct problems or remove debris and sediment as soon as 
possible.  

At least twice annually. Schedule one inspection at 
the end of the wet season so that summer 
maintenance can be scheduled to prepare filter 
strip for wet season. Additional inspections after 
periods of heavy runoff are desirable. 

Remove sediment in inlet areas, the channel, culverts, and 
outlets whenever flow into the filter strip is retarded or 
blocked. 

As required 

Repair ruts or holes in the strip by removing vegetation, 
adding and tamping suitable soil, and reseeding. Replace 
damaged vegetation. 

As required 

Inspect filter strip for obstructions (e.g., debris accumulation, 
invasive vegetation) and pools of standing water that can 
provide mosquito-breeding habitat. Correct observed 
problems as soon as possible.  

At least twice during the wet season after significant 
storms. Additional inspections after periods of 
heavy runoff are desirable. 

Reconstruct or replace the control measure when it is no 
longer functioning properly.  

See projected lifespan in Appendix B for 
informational purposes. 
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Figure VFS-1. Vegetated Filter Strip  

(25’ MINIMUM) 

(25’ MINIMUM) 
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Table VFS-3. Design Data Sheet for Vegetated Filter Strip 

Designer:    Date:   

Company:      

Project:      

Location:      

1. Design Flow: WQF = I x C x A 

 a.  I = Design Intensity = 0.18 in/hr 

 b.  C = Runoff Coefficient  

 c.  A = Tributary area 

WQF =   cfs  

I =    in/hr 

C =    

A =    acres 

2. Design Width 

 WVFS = (WQF)/0.005 cfs/ft 

 

WVFS =   ft 

3. Design Length (25 ft minimum) LVFS =   ft 

4.  Design Slope (1% minimum; 4% maximum) SVFS =   % 

5. Flow Distribution (Check type used or describe “Other”)  

  Slotted Curbing   Level Spreader  Modular Block Porous Pavement  

  Other     

6. Vegetation (describe )    

       

     

7. Outflow Collection (Check type used or describe “Other”) 

  Grass Swale   Street Gutter  Storm Sewer 

  Underdrain Used  Other    

Notes:     
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Glossary 
 

The following are the terms and acronyms used frequently in this Manual. This list is 
not intended to be exhaustive.  

Best Management Practices (BMPs) means methods, measures, or practices 
designed and selected to reduce or eliminate the discharge of pollutants to surface 
waters from point and non-point source discharges including stormwater. BMPs 
include structural and nonstructural controls, and operation and maintenance 
procedures, which can be applied before, during, and/or after pollution producing 
activities. 

California Stormwater Quality 
Association (CASQA) — Statewide 
Association of stormwater quality 
managers and other interested parties. 
Publisher of the California Stormwater 
Best Management Practices Handbooks, 
available at www.cabmphandbooks.com. 
Successor to the Storm Water Quality Task Force (SWQTF). 

Cluster Development — The principle of cluster development incorporates 
grouping new homes onto part of a development parcel so that the remaining land 
can be preserved as open space. This approach can save a significant portion of the 
land and provide an attractive living environment for homeowners. Source: National 
Assoc. of Homebuilders www.nahb.org (search “cluster development”) 

Commercial Development means any development on private land that is not 
heavy industrial or residential. The category includes, but is not limited to hospitals, 
laboratories and other medical facilities, educational institutions, recreational 
facilities, plant nurseries, car wash facilities, mini-malls, business complexes, 
shopping malls, hotels, office buildings, public warehouses, and light industrial 
complexes. 

Commercial/Industrial Facility means any facility involved and/or used in the 
production, manufacture, storage, transportation, distribution, exchange or sale of 
goods and/or commodities, and any facility involved and/or used in providing 
professional and non-professional services. This category of facilities includes, but is 
not limited to, any facility defined by the SIC Code. Facility ownership (federal, state, 
municipal, private) and profit motive of the facility are not factors in this definition. 

Construction means clearing, grading, excavating, building and related activities 
that result in soil disturbance. Construction includes structure teardown. It does not 
include routine maintenance to maintain original line and grade, hydraulic capacity, 
or original purpose of facility; emergency construction activities required to 
immediately protect public health and safety; interior remodeling with no outside 

In the stormwater field, terms are 
frequently used interchangeably; 
therefore, it is important to 
understand the meaning of various 
terms as presented in this Manual. 
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exposure of construction material or construction waste to stormwater; mechanical 
permit work; or sign permit work. 

Control means to minimize, reduce, eliminate, or prohibit by technological, legal, 
contractual or other means, the discharge of pollutants from an activity or activities. 

Design Storm — A synthetic rainstorm defined by rainfall intensities and 
durations. 

Detention — The practice of holding stormwater runoff in ponds, vaults, within 
berms, or in depressed areas and letting it discharge slowly to the storm drain system 
or receiving water. The detention process allows sediment and associated pollutants 
to settle out of the runoff. 

Development means any construction, rehabilitation, redevelopment or 
reconstruction of any public or private residential project (whether single-family, 
multi-unit or planned unit development); industrial, commercial, retail and other 
non-residential projects, including public agency projects; or mass grading for future 
construction. It does not include routine maintenance to maintain original line and 
grade, hydraulic capacity, or original purpose of facility, nor does it include 
emergency construction activities required to immediately protect public health and 
safety. 

Development Standards means standards that the Permittees must develop and 
implement for new development and significant redevelopment projects to control 
the discharge of stormwater pollutants in post-construction stormwater.  

Directly Connected Impervious Area (DCIA) or Surface — Any impervious 
surface which drains directly into the storm drain system without first allowing flow 
across a pervious area (e.g. lawn).  

Disconnected Pavement (also known as disconnected impervious area, 
or surface, or not directly connected pavement)— an impervious area that 
drains across a pervious area prior to discharge to the storm drain system. 

Drawdown — see Drawdown Time 

Drawdown Time — The time required for a stormwater detention or infiltration 
BMP to drain and return to the dry-weather condition. For detention BMPs, 
drawdown time is a function of basin volume and outlet orifice size. For infiltration 
BMPs, drawdown time is a function of basin volume and infiltration rate. 

Flow-Based Treatment Control Measures — Stormwater quality treatment 
measures that rely on flow capacity to treat stormwater. These measures remove 
pollutants from a moving stream of water through filtration, infiltration, adsorption, 
and/or biological processes. Examples: vegetated swales and filter strips. 

General Construction Activities Storm Water Permit (Construction General 
Permit) — the general NPDES permit adopted by the State Board, which authorizes 
the discharge of stormwater from construction activities under certain conditions. 
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General Industrial Activities Storm Water Permit (Industrial General 
Permit) — the general NPDES permit adopted by the State Board which authorizes 
the discharge of stormwater from certain industrial activities under certain 
conditions. 

Head (hydraulic head) — In hydraulics, energy represented as a difference in 
elevation. In slow-flowing open systems, the difference in water surface elevation, 
e.g., between an inlet and outlet. 

Hydrograph — Runoff flow rate plotted as a function of time. 

Hydrologic Soil Group —  

TYPICAL INFILTRATION RATES 

Soil Type  
(Hydrologic Soil Group) Infiltration Rate (in/hr) 

A 1.00 – 8.3 
B 0.5 – 1.00 
C 0.17 – 0.27 
D 0.02 – 0.10 

Infiltration rates shown represent the range covered by multiple 
sources, e.g. ASCE, BASMAA, etc. 

Source: Venture County Technical Guidance Manual for Stormwater 
Quality Control Measures, July 2002. 

Illicit Connection means any man-made conveyance that is connected to the storm 
drain system without a permit, excluding roof drains and other similar type 
connections. Examples include channels, pipelines, conduits, inlets, or outlets that 
are connected directly to the storm drain system. 

Illicit Discharge means any discharge to the storm drain system that is prohibited 
under local, state, or federal statutes, ordinances, codes, or regulations. The term 
illicit discharge includes all non storm-water discharges except discharges pursuant 
to an NPDES permit, discharges that are identified as "allowable" in NPDES 
Municipal Stormwater Permits, and discharges authorized by the Regional Board. 

Impervious Surface — Any material that prevents or substantially reduces 
infiltration of water into the soil. 

Infiltration means the downward entry of water into the surface of the soil. 
Infiltration rate (or infiltration capacity) is the maximum rate at which a soil in a 
given condition will absorb water. 

Inspection means entry and the conduct of an on-site review of a facility and its 
operations, at reasonable times, to determine compliance with specific municipal or 
other legal requirements.  
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Low Impact Development (LID) is a stormwater management strategy that 
emphasizes conservation and use of existing natural site features integrated with 
distributed, small-scale stormwater controls to more closely mimic natural 
hydrologic patterns in residential, commercial, and industrial settings.   
—Source: Puget Sound Action Team 2005 

Maximum Extent Practicable (MEP) — Section 402(p)(3)(B) of the Clean Water 
Act (CWA) directs the Regional Board to issue NPDES Municipal Stormwater 
Permits which require the dischargers to develop and implement programs with the 
goal of reducing the discharge of pollutants in stormwater runoff to the maximum 
extent practicable (MEP). Originally, the term was not clearly defined by the CWA or 
subsequent regulations, in order to allow dischargers the flexibility to design 
programs tailored to unique conditions and needs of the community. However, the 
SWRCB has since attempted to define the term. The State Board’s Office of Chief 
Counsel (OCC) issued a memorandum interpreting the meaning of MEP to include 
technical feasibility, cost, and benefit derived with the burden being on the 
municipality to demonstrate compliance with MEP by showing that a BMP is not 
technically feasible in the locality or that BMP costs would exceed any benefit to be 
derived (dated 11 February 1993). For a more detailed discussion of this standard, 
see State Board Orders WQ 1000-11 and 91-03. Finding 38 of the Sacramento 
Areawide NPDES Stormwater Permit No. CAS082597 states:  Implementation of 
BMPs and compliance with performance standards in accordance with the 
Permittees’ Stormwater Quality Improvement Plans and their schedules constitutes 
compliance with the MEP standard.   

Municipal Separate Storm Sewer System (MS4) means a conveyance or 
system of conveyances (including roads with drainage systems, municipal streets, 
alleys, catch basins, curbs, gutters, ditches, manmade channels, or storm drains) 
owned by a State, city, county, town or other public body, that is designed or used for 
collecting or conveying stormwater, which is not a combined sewer, and which is not 
part of a publicly owned treatment works, and which discharges to Waters of the 
United States. 

National Pollutant Discharge Elimination System (NPDES) means the 
national program for issuing, modifying, revoking and reissuing, terminating, 
monitoring and enforcing permits under Clean Water Act §307, 402, 318, and 405. 

Natural Drainage System means an unlined or unimproved (not engineered) 
creek, stream, river or similar waterway. 

New Development means land disturbing activities; structural development, 
including construction or installation of a building or structure, creation of 
impervious surfaces; and land subdivision. 

Non-Stormwater Discharge means any discharge to a storm drain that is not 
composed entirely of stormwater. Certain non-stormwater discharges are authorized 
per the NPDES Municipal Stormwater Permits. 

Not Directly Connected Pavement — see Disconnected Pavement  

NPDES — see National Pollutant Discharge Elimination System  
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NPDES Municipal Stormwater Permit — A permit issued by a Regional Water 
Quality Control Board to local government agencies (Dischargers) placing provisions 
on allowable discharges of municipal stormwater to waters of the state. 

Performance Standard means a narrative or measurable number specifying the 
minimum acceptable outcome for a pollution control practice. 

Permittees means agencies named in the NPDES Municipal Stormwater Permits as 
being responsible for permit conditions within their jurisdictions. For the 
Sacramento Areawide NPDES Municipal Stormwater Permit, the permittees are the 
County of Sacramento and the Cities of Citrus Heights, Elk Grove, Folsom, Galt, 
Rancho Cordova and Sacramento. The City of Roseville is the sole permittee for the 
Roseville Phase II NPDES Municipal Stormwater General Permit. 

Permitting Agency — The City or County responsible for issuing grading, building 
and encroachment permits for new and redevelopment projects. In this Manual, 
“permitting agency” does not refer to the regulatory agencies responsible for issuing 
environmental permits. 

Pervious Pavement — see Porous Pavement. 

Pollutants means those substances defined in CWA §502(6) (33.U.S.C.§1362(6)), 
and incorporated by reference into California Water Code §13373.  

Porous Pavements (Pervious pavements) — Pavements for roadways, 
sidewalks, or plazas that are designed to infiltrate runoff, such as: pervious concrete, 
pervious asphalt, unit pavers- on-sand, and crushed gravel. 

Post-Construction Stormwater Quality Plan — A plan specifying and 
documenting permanent site features and control measures that are designed to 
control pollutants for the life of the project. The plan should include sufficient design 
detail and calculations to demonstrate the adequacy of the stormwater quality 
control measures to control pollution from the developed site. This plan may be 
required prior to issuance of certain development permits; check with your local 
permitting agency. 

Rain Event or Storm Event means any rain event greater than 0.1 inch in 24 
hours except where specifically stated otherwise. 

Rational Method — A method of calculating runoff flows based on rainfall 
intensity, and tributary area, and a factor representing the proportion of rainfall that 
runs off. 

Receiving Waters means all surface water bodies in the Central Valley Region that 
are identified in the Basin Plan. 

Redevelopment — see Significant Redevelopment. 
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Regional Stormwater Quality Treatment Facility (Regional Facility) — A 
facility that treats runoff from more than one project or parcel (typically a large 
drainage catchment of 100 acres or more). A regional facility may be in lieu of on-site 
treatment controls to treat urban runoff prior to discharge to Waters of the State, 
subject to the approval of the applicable permitting agency. 

Regional Water Quality Control Board (RWQCB) — California RWQCBs are 
responsible for implementing pollution control provisions of the Clean Water Act 
and California Water Code within their jurisdiction. There are nine California 
RWQCBs. Sacramento and South Placer County areas are under the jurisdiction of 
the Central Valley RWQCB (Region 5). 

Restaurant means a facility that sells prepared foods and drinks for consumption, 
including stationary lunch counters and refreshment stands selling prepared foods 
and drinks for immediate consumption (SIC Code 5812). 

Retail Gasoline Outlet means any facility engaged in selling gasoline and 
lubricating oils. 

Retention — The practice of holding stormwater in ponds or basins and allowing it 
to slowly infiltrate to groundwater. Some portion will evaporate. Also see infiltration. 

Runoff — see Urban Runoff  

Sacramento Stormwater Quality Partnership — A collaborative of public 
agencies in Sacramento County that protects and improves water quality in local 
waterways for the benefit of the community and the environment. Participating 
agencies include the County of Sacramento and the Cities of Citrus Heights, Elk 
Grove, Folsom, Galt, Rancho Cordova and Sacramento. 

Significant Redevelopment includes, but is not limited to: expansion of a 
building footprint; replacement of a structure; replacement of impervious surface 
that is not part of routine maintenance activity; and land-disturbing activities related 
to structural or impervious surfaces. For redevelopment projects subject to this 
manual, the applicable design standards apply only to the redeveloped area, and not 
to the entire site, except in cases where untreated drainage from the existing 
developed portion is allowed to enter/flow through the redeveloped portion. In such 
cases, any new required treatment control measures must be designed for the entire 
contributing drainage area. Redevelopment and infill project applicants should check 
with the local permitting agency at the start of project design to verify whether or not 
the manual requirements apply. 

Source Control Measure means any schedules of activities, prohibitions of 
practices, maintenance procedures, managerial practices or operational practices 
that aim to prevent stormwater pollution by reducing the potential for contamination 
at the source of pollution. 

Stormwater means stormwater runoff, snowmelt runoff, and surface runoff and 
drainage. 

Stormwater Quality Plan — See Post-Construction Stormwater Quality Plan  
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Structural Control Measure means any structural facility designed and 
constructed to mitigate the adverse impacts of stormwater and urban runoff 
pollution (e.g. canopy, structural enclosure). The category may include both source 
and treatment control measures. 

Target Pollutants — Pollutants identified by the permittees as most likely to 
impair local receiving waters, based on evaluation of available monitoring data and 
other information.  

Treatment means the application of engineered systems that use physical, 
chemical, or biological processes to remove pollutants. Such processes include, but 
are not limited to, filtration, gravity settling, media absorption, biodegradation, 
biological uptake, chemical oxidation, and UV radiation. 

Treatment Control Measure means any engineered system designed to remove 
pollutants by simple gravity settling of particulate pollutants, filtration, biological 
uptake, media absorption or any other physical, biological, or chemical process. 

Urban Runoff means any runoff from urbanized areas including stormwater and 
dry weather flows from a drainage area that reaches a receiving water body or 
subsurface. During dry weather, urban runoff may be comprised of groundwater base 
flow and/or nuisance flows, such as excess irrigation water. 

Volume-Based Treatment Control Measures — Stormwater quality treatment 
measures that rely on volume capacity to treat stormwater. These measures detain or 
retain runoff and treat it primarily through settling or infiltration. Examples: 
detention and infiltration basins, porous pavement and stormwater planters 
(bioretention). 

Water Board(s) — Generic reference to the State Water Resources Control Board 
(SWRCB) and/or the nine Regional Water Quality Control Boards (RWQCBs). 

Water Quality Volume (WQV) — For stormwater treatment BMPs that depend 
on detention to work, the volume of water that must be detained to achieve 
maximum extent practicable pollutant removal. This volume of water must be 
detained for a specified drawdown time. 

Wet Season (Rainy Season) — for the Sacramento region, the calendar period 
beginning October 1 and ending April 30. Note: This differs from the Dept. of Fish 
and Game’s wet weather definition, which is October 15 – April 15. 

 



Appendix A 
Submittal Requirements  

 
The submittal related to post-construction stormwater quality control measures for the project shall be 
made in the format specified by the permitting agency. The submittal shall include sufficient design detail 
and calculations to demonstrate the adequacy of the design to meet the agency requirements, and shall 
consist of the following information, at a minimum: 
 
• Total site acreage 
• Project density (residential projects only) 
• Impervious areas: existing & proposed buildings and other structures; pavement  
• Pervious areas: landscaped, open space, other areas 
• Grades/contours (agency may specify contour interval) 
• Drainage systems, including pipe materials, sizes, slopes and invert elevations 
• Contributing drainage shed(s) – delineate and give acreage of the sheds contributing runon and runoff 

to and from the project; identify those sheds associated with the proposed stormwater quality control 
measures 

• Location(s) where site discharges to municipal storm drain system and/or receiving waters 
• Existing tree canopies and locations of proposed new evergreen/deciduous trees (if interceptor tree 

control measure is being proposed) 
• Type and location of proposed post-construction stormwater quality control measures*, indicating for 

each measure: size/label of contributing shed(s); amount of contributing impervious and pervious 
area; and WQV or WQF to be treated. 

• Design parameters used to determine size of proposed control measures, including runoff reduction 
worksheets, if applicable. Include calculations where appropriate/required (permitting agency may 
allow cross-reference to Drainage Study). Record this information on the “Design Data Summary 
Sheet” provided at the end of each fact sheet in Chapter 6. 

• Details for post-construction control measures, including the following information, where 
applicable: 

o Dimensions and setbacks from property lines and structures 
o Profile view, including typical cross-sections with dimensions 
o Water surface elevations/freeboard  
o Inlets, outlet structures, and release points 
o Vegetation & growing medium specifications, incl. provisions for temporary irrigation if 

needed 
o Specifications for construction materials, such as filter fabric and infiltration materials 
o Installation requirements 

• Maintenance requirements shall be submitted separately. See Appendix B in Design Manual. 
 
*Control measures may be those included in the Stormwater Quality Design Manual for Sacramento and South 
Placer Regions or alternative measures. For projects proposing use of control measures not specified in the Design 
Manual, the review and approval process may take longer. Also, slight variations to design criteria stated in the 
manual may be approved on occasion, provided the agency determines that performance of the facility itself or other 
site structures/features is not compromised. For agencies in Sacramento County, proposals of alternative proprietary 
structural devices may be accepted if the manufacturer can satisfy the agencies’ protocol or the property owner 
agrees to conduct a pilot scale monitoring study.  
  

To avoid delays, all alternative proposals should be discussed with the stormwater  
quality staff at the permitting agency as early as possible in the planning  

stages of the project, preferably at the pre-application meeting. 
 

 
 
 



 
 
 

Example Preliminary Stormwater Quality Compliance Form  
(Sacramento County)  

 
The following information is presented for example purposes only  

and may not be the current version. The other  
permitting agencies in the region may use different forms.  

Contact the local permitting agency for their submittal requirements. 



Sacramento County Supplemental Application: 
Preliminary Stormwater Quality Compliance Form 

This form is provided for example purposes only.  
Check with your local permitting agency for copies of forms and procedures appropriate for your project site. 

 
1) Project Information 
Applicant Name:_____________________ Phone Number: ______________________ 

Address:______________________________________________________________________

Project Contact:______________________ Phone Number:_______________________

Project name:________________________ Assessor Parcel Number(s):____________ 

Site Address:______________________________________________________________ 
 
Project Category (check all that apply):  Refer to Design Manual Table 3-2 for Priority Project Categories

 Residential (Single Family) 
 Residential (Multi-Family) 
 Commercial Development 
 Automotive Repair Shop 

 Retail Gasoline Outlet 
 Restaurant 
 Industrial Development    
 Street/Road 

 Hillside Development 
 Parking Lot  

Project Gross Acres:_____________________ 

Existing Impervious Surface Area:________ 

Watershed or receiving water:______________ 

Project Net Acres:_____________________ 

Proposed Impervious Surface Area:__________ 

 
2) Source Controls (check source control measure or applicable pollutant sources, check Design Manual 
Chapter 4 for more information on source control measures) 
Refer to Design Manual Table 3-2 for Requirements  

 Storm Drain Message and Signage 
 Fueling Areas 
 Loading/Unloading Areas 
 Outdoor Storage Areas 

 

 Outdoor Work Areas 
 Vehicle/Equipment Wash Areas 
 Waste Management Areas 

 Other Describe______________________________________

 
3) Runoff Reduction Measures 
Refer to Design Manual Table 3-2 for Requirements  
Will runoff reduction measures be utilized for this project? Yes No  
If yes, check selectec runoff reduction measures below; attach completed Runoff Reduction worksheets 
(Design Manual Appendix D). 
 

 Alternative Driveway Design 
 Disconnected Roof Drains 
 Disconnected Pavement 
 Green Roof 
 Interceptor Trees 
 Porous Pavement 

 Other Describe____________________________________ 

4) Stormwater Quality Treatment Requirements 
Refer to Design Manual Table 3-2 for Requirements  
Is treatment required? Yes No  If no, form is complete with signature. If yes, complete this section. 
Indicate No. of drainage sheds for the site: ________ 
Early consideration of stormwater quality during site planning may reduce the overall cost of treatment 
controls. Runoff reduction methods and innovative design options can reduce the size of treatment 
options. In addition, early consideration allows for non-proprietary treatment options that can 
significantly reduce construction and maintenance costs.  

 



5) Attach Project Overview and Stormwater Quality Narrative 
Include Project description indicating nature of project (e.g. is it a newly developing site, replacement 

of previously developed site, is it an infill site). Describe activities planned for site that may impact water 
quality such as a retail gasoline outlet as part of a development. Describe selected treatment options. 
Developers should keep in mind that proprietary devices require extensive maintenance by the owners of 
the property and should consider alternative treatment measures first. Project description should be no 
more than 1 page relating to stormwater quality. 

 
6) Attach Site Plans* and/or Drawings Showing:  

Existing and natural hydrologic features 
Existing and proposed drainage system  
Proposed drainage sheds including (Refer to item #4, if treatment is required) 

o Name of shed 
o Existing amount of pervious and impervious areas 
o Proposed amount of pervious and impervious areas 
o Proposed treatment option(s) for each shed 

Pollutant source areas including loading docks, food service areas, refuse areas, outdoor processes and 
storage, vehicle cleaning, repair or maintenance, fuel dispensing, equipment washing, etc. 

Proposed design features to minimize impervious areas, applicable runoff reduction techniques, 
innovative design, and all treatment options selected 
 
*Note: Plans will not be checked for adequacy of treatment options until design review of drainage system. For 
information related to correct sizing and other requirements refer to Stormwater Quality Design Manual for 
Sacramento and South Placer Regions. 

 
7) List Sheds and Selected Stormwater Quality Treatment Controls (if treatment is required) 

Total Shed Area Shed Name 
Impervious Area Pervious Area 

Flow (cfs) or 
Volume (ft3) 

Treatment Controls Selected 

  
  

  

  
  

  

  
  

  

  
  

  

  
  

  

Attach more sheets as necessary 
 

7) Signature 
Print Name:__________________________ Indicate Owner or Title ____________________________  
 
Signature:____________________________ Date:__________________ 

 
 



 
Example Post Construction Stormwater Quality Control Plan  

(Sacramento County) 
 
 

The following information is presented for example purposes only  
and may not be the current version. The other permitting  
agencies in the region may have different requirements.  

Contact the local permitting agency for their submittal requirements. 
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Appendix B 

Maintenance Requirements 
 

State Mandated Requirement 
Verification of long-term maintenance provisions for post-construction structural and treatment 
control measures is mandated by the agencies’ State-issued stormwater permits. For example, the 
Sacramento Areawide NPDES Municipal Stormwater Permit (No. CAS082597) specifies: 

22. Maintenance Agreement and Transfer: Each Permittee shall require that all 
developments subject to Development Standards and site specific plan requirements 
provide verification of maintenance provisions for post-construction structural and 
treatment control BMPs.  Verification shall include one or more of the following as 
applicable: 
a. The developer's signed statement accepting responsibility for maintenance until the 

maintenance responsibility is legally transferred to another party; or 
b. Written conditions in the sales or lease agreement that require the recipient to 

assume responsibility for maintenance; or 
c. Written text in project conditions, covenants and restrictions for residential 

properties assigning maintenance responsibilities to a home owner’s association, or 
other appropriate group, for maintenance of structural and treatment control BMPs; 
or 

d. Any other legally enforceable agreement that assigns responsibility for maintenance 
of structural or treatment control BMPs. 

Maintenance Agreements, Covenants or Permits 
In compliance with this regulation, the local permitting agencies in the Sacramento and South 
Placer areas have decided that they will require execution of a maintenance agreement, covenant 
or permit with the property owner for projects using any of the following control measures:  

Chapter 5 — Runoff Reduction Control Measures: 

• Porous Pavement 
• Green Roof 

Chapter 6 — Treatment Control Measures: 

• Constructed Wetland Basin 
• Detention Basin 
• Infiltration Basin 
• Infiltration Trench 
• Stormwater Planter 
• Vegetated Swale 
• Vegetated Filter Strip 
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Typically maintenance agreements and covenants are recorded with the deed for the property and 
follow property ownership. The agreements generally include provisions for the permitting 
agency to recover costs for maintenance in the event that the property owner fails to fulfill their 
obligations. Check with the local permitting agency about the timing for execution of the 
agreement.  

Recommended Inspection and Maintenance Procedures 
A stand-alone table listing recommended inspection and maintenance procedures is provided at 
the end of the fact sheet for each of the above control measures.  The intent is for the applicable 
table(s) to be incorporated into the maintenance agreement for the project with amendments as 
needed by the project designer and property owner to pertain to the unique project conditions. It 
is the responsibility of the project designer to inform the permitting agency of the complete set of 
necessary inspection and maintenance requirements that will provide long-term continued 
performance and sustainability of the measures.   

Reconstruction or Replacement of Failed Facilities 
In addition to inspecting and performing maintenance on the stormwater quality control 
measure(s), the property owner will be required by the maintenance agreement or permit to 
reconstruct or replace the measure when it ceases to function properly.  For informational 
purposes, the table on the next page summarizes projected life span information for the various 
stormwater quality control measures, based on available literature.  

Example Maintenance Agreements 
Each agency will likely use a different format for the maintenance verification.  For example 
purposes, two standard maintenance covenants/agreements are provided at the end of this 
appendix, for the County of Sacramento and City of Sacramento, respectively.  The contents of 
each form are basically the same. 

Resources for Additional Guidance 
Maintaining Your Stormwater Management Facility:  Homeowner Handbook, City of Portland, 
OR.  http://www.portlandonline.com/shared/cfm/image.cfm?id=65926 
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Expected Life for Selected Stormwater Quality Control Measures (Based on 
Published Literature) 

Control Measure 

Average 
Life 
Expectancy1 Source/Reference 

Runoff Reduction (Chapter 5) 
20 years Maintaining Your Stormwater Management Facility:  

Homeowner Handbook, City of Portland, OR.  
http://www.portlandonline.com/shared/cfm/ 
image.cfm?id=65926 Porous Pavement2 

30 years http://www.seattle.gov/dpd/static/ 
GF_RainGardens_1_37427_DPDP_019875.pdf 

Green Roof 10–40 years http://www.ecoroofsystems.com/ 
cost_files/c_cost.html 

Treatment Control (Chapter 6) 
Constructed Wetland 
Detention Basin 

20 years http://www.epa.gov/superfund/programs/aml/ 
tech/cuwetlands.pdf 

Water Quality 
Detention Basin 

25 years and 
more 

http://www.abe.msstate.edu/csd/p-dm/all-chapters/ 
chapter4/chapter4/det-basin.pdf 

Infiltration Basin NA  Information to be provided in a future update 

30 years http://www.portlandonline.com/shared/ 
cfm/image.cfm?id=65926 Infiltration Trench 

5–15 years http://www.epa.gov/owmitnet/mtb/infltrenc.pdf 

Sand Filter 5 - 20 years  http://www.fhwa.dot.gov/environment/ultraurb/3fs7.htm 

Stormwater Planter NA Information to be provided in a future update 

Vegetated Filter Strip 50 years http://www.portlandonline.com/shared/ 
cfm/image.cfm?id=65926 

20 years http://www.highwaybmp.dfwinfo.com/FHWA_PDF/ 
Grassed%20Swale.pdf 

Vegetated Swale 
no known 
limit 

http://www.epa.gov/nrmrl/pubs/600r04121/600r04121asect6.pdf 

NA: Not available 

 

 

                                                 
1 Information is based on cited references/sources and assuming proper design, installation & long term 
maintenance.  Life expectancy may vary depending on the design. The studies cited in this table may not 
have used the same design criteria as specified in this design manual.   
2 Expected life estimated to increase with increased pavement depth. 
 



 
 
 
 
 

Example Maintenance Covenant 
(Sacramento County)  

 
The following information is presented for example purposes only  

and may not be the current version. The other  
permitting agencies in the region may use different forms.  

Contact the permitting agency for your project to obtain their current form. 
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RECORDING REQUESTED BY and for the BENEFIT OF: 

 
 

 
 
NAME 
 
 
 
 
MAILING 
ADDRESS 
 
CITY, STATE 
ZIP CODE 
 
INTEROFFIC
E MAIL: 
 

Sacramento County  
Department of Water Resources 
 
827 7th Street, Rm. 301 
Sacramento, CA  95814 
 
 
Mail Code 01-301 
 
NO FEE DOCUMENT 
Gov. Code § 6103 
 

 

SPACE ABOVE THIS LINE RESERVED FOR RECORDER'S USE 

 
 

DECLARATION OF COVENANTS 
(Provisional Device Monitoring, Maintenance and Access) 

 
 THIS DECLARATION OF COVENANTS (“Declaration”) is executed as of ______________, 
200___, by ________________________ a ____________________, (hereinafter the “Declarant”) with 
reference to the following facts: 
 
 A. Declarant is the owner of that certain real property, located within the County of Sacramento, 
California (hereinafter, “Sacramento County”), commonly referred to as Assessor’s Parcel Number (“APN”) 
________________, and more particularly described in Exhibit “A” and the plat thereof on Exhibit “B,” 
attached hereto and incorporated by reference herein (hereinafter, the “Subject Property”). 
 
 B. At the time of Sacramento County’s initial approval of the development project known as 
___________________ wherein the Subject Property is located, Sacramento County required installation of on-
site control measures to minimize pollutants in urban runoff.   
 
 C.  Declarant has chosen to install a                                                        , hereinafter referred to as the 
“Device,” as the on-site control measure to minimize pollutants in urban runoff.  
 
 D. The Device is provisionally accepted by Sacramento County for installation on the Subject 
Property in satisfaction of the Declarant’s obligation to minimize pollutant run-off from the Subject Property 
provided the Device is monitored as herein provided in accordance with the monitoring requirements stated in 
Exhibit “D” attached here to and incorporated herein.    
 
 E.  The Device has been installed in accordance with plans and specifications accepted by Sacramento 
County.  
 
 F.  The Device, being installed on private property and draining only private property, is a private 
facility, and all maintenance or replacement of the Device is the sole responsibility of the Declarant in 
accordance with the terms of this Declaration. 
 
 G.  The Declarant is aware that periodic and continuous maintenance, including, but not necessarily 
limited to, filter material replacement and sediment removal, is required to assure peak performance of the 
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Device in accordance with the maintenance procedures prepared for the Device which maintenance procedures 
are attached hereto as Exhibit “C” and incorporated herein. 
 
 H.  Maintenance of the Device  will require compliance with all Local, State, or Federal laws and 
regulations, including those pertaining to confined space and waste disposal methods, in effect at the time such 
maintenance occurs. 
 
 
NOW THEREFORE, in consideration of the foregoing benefits, as well as the benefits obtained by the 
Declarant and other valuable consideration, the receipt and adequacy of which is hereby acknowledged, 
Declarant hereby declares as follows: 
 
1. Covenant Running with Land.  The Declarant does hereby covenant that the burdens and benefits 
herein made and undertaken shall constitute covenants running with the Subject Property and constitute an 
encumbrance on said Subject Property which shall bind successors. 
 
2. Declarant Responsibility to Maintain: Declarant, its successors or assigns, shall at all times maintain 
the Device in accordance with the requirements stated in Exhibit “C” and Declarant shall use its best efforts to 
maintain the Device in a manner assuring its peak performance at all times.  All reasonable precautions shall be 
exercised by Declarant and Declarant’s representatives in the removal and extraction of material(s) from the 
Device.  Disposal of the material(s) shall be performed in a manner consistent with all relevant laws and 
regulations in effect at the time of removal.  For a time period of the most recent three (3) years, Declarant shall 
maintain written documentation verifying all material(s) removed from the Device, including identifying the 
material(s) removed, quantity, and manner and place of disposal thereof.  Such documentation is subject to 
review by Sacramento County from time to time upon request. 
 
3. Failure to Maintain:  In the event Declarant, or its successors or assigns, fails to maintain the Device as 
required by this Declaration, after thirty (30) days written notice thereof, Sacramento County may and is hereby 
authorized to cause, at the Declarant’s expense, any and all maintenance to the Device necessary under the 
requirements specified in Exhibit “C.”  In addition to the actual costs of such maintenance, the Declarant shall 
reimburse Sacramento County for an additional fifteen percent (15%) thereof to cover costs of administration.  
All such actual and administrative costs shall accrue interest from the date incurred by Sacramento County at 
the maximum rate authorized by law until paid in full.  The notice provided herein shall be effective on the date 
sent by U.S. Mail, first class postage prepaid to the record owner of the Subject Property as shown on the most 
recent tax roll. 
 
4. Declarant’s Responsibility to Monitor: Declarant, its successor and assign, shall at all times, monitor 
the Device as specified in Exhibit “D”. 
 
5. Failure to Monitor: In the event Declarant, or its successors or assigns, fails monitor the Device as 
required, after thirty (30) days written notice thereof by Sacramento County, Sacramento County shall be 
authorized to cause, at Declarant’s expense, any and all monitoring of the Device necessary under the 
requirements specified in Exhibit “D”.  In addition to the actual costs of such monitoring, the Declarant shall 
reimburse Sacramento County for an additional fifteen percent (15%) thereof to cover costs of administration.  
Such costs shall accrue interest from the date incurred by the County at the maximum rate authorized by the law 
until paid in full. The notice provided herein shall be effective on the date sent by U.S. Mail, first class postage 
prepaid to the record owner of the Subject Property as shown on the most recent tax roll. 
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6. Security:  If the Declarant fails to maintain the Device as required to the standards specified in Exhibit 
“C”, or fails to monitor the Device as required by Exhibit “D”,  then Sacramento County may require the 
Declarant, at the Declarant’s sole cost, to post security in a form, for a time period, and in an amount 
satisfactory to Sacramento County, to guarantee the Declarant’s performance of the obligations set forth herein.  
Should the Declarant fail to perform the obligations under this Declaration, then Sacramento County may 
realize against said security, and in the case of a cash bond, act for the Declarant using the proceeds from it, or 
in the case of a surety bond, require the sureties to perform the obligations of this Declaration.  Said security 
shall be available to Sacramento County to satisfy the Declarant’s reimbursement obligation under paragraphs 3 
and 5, hereof.  
 
7. Access by County:  Declarant grants Sacramento County or the County's designee the unrestricted right 
of access to the Device, including its immediate vicinity, and including ingress and egress to and from said 
Device, at any time, upon twenty-four (24) hour advance notice in writing, of any duration for the purpose of 
inspection, sampling and testing of the Device. Sacramento County shall make reasonable efforts at all times to 
minimize or avoid interference with Declarant’s use of the Subject Property. 
 
8. Successors and Assigns Bound:  Declarant hereby agrees and acknowledges that maintenance and 
monitoring of the Device as herein above set forth and the costs of maintenance and monitoring, Sacramento 
County’s access to the Device, and Sacramento County’s rights of ingress and egress to the Device and 
recovery of costs if Declarant fails to maintain and monitoring the Device as herein set forth, are a burden and 
restriction on the use of the Subject Property.  The provisions of this Declaration shall be enforceable as an 
equitable servitude and as conditions, restrictions and covenants running with the land, and shall be binding 
upon the Declarant and upon each an all of its respective heirs, devisees, successors, and assigns, officers, 
directors, employees, agents, representatives, executors, trustees, successor trustees, beneficiaries and 
administrators, and upon any future owners of the Subject Property and each of them. 
 
9. Enforcement:  It is the express intent of the Declarant that the terms and provisions of this Declaration 
shall be enforceable as an equitable servitude by Declarant.  To the extent necessary to do so, Declarant and its 
successors and assigns, hereby confer and assign rights to enforce the terms and conditions of this Declaration 
to Sacramento County. 
 
10. Recording of Agreement: This Declaration shall be recorded in the Office of the Recorder of 
Sacramento County, California and shall constitute notice to all successors and assigns of the title to the Subject 
Property of the rights and obligations herein set forth. 
 
11. Amendment:  This Declaration may be amended by Declarant, but only if in writing, and only after 
written approval of Sacramento County. 
 
IN WITNESS WHEREOF, Declarant has executed this Declaration as of the day and year written above. 
 
       DECLARANT: 
 
 
       By:  ________________________________ 
 
       Its:  ________________________________ 
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[attach] 
 
DECLARANT’S ACKNOWLEGEMENT 
 
Exhibit “A” Legal Description of Subject Property 
Exhibit “B” Plat of Subject Property 
Exhibit “C” Device Maintenance Requirements 
Exhibit “D” Device Monitoring Requirements 



 
 
 
 
 

Example Maintenance Agreement 
(City of Sacramento)  

 
The following information is presented for example purposes only  

and may not be the current version. The other  
permitting agencies in the region may use different forms.  

Contact the permitting agency for your project to obtain their current form. 
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Recorded at the request of: 
CITY OF SACRAMENTO 
DEPARTMENT OF UTILITIES 
No Fee per Government Code 6130 
 
____________________________ 
After recording, return to: 
Office of the City Clerk 
Historic City Hall 
915 "I" Street, 1st Floor 
Sacramento CA 95814 
 
 

STORMWATER TREATMENT DEVICE 
ACCESS AND MAINTENANCE AGREEMENT 

 
 
  OWNER: ______________________________________________________ 
 

PROPERTY ADDRESS: ___________________________________________ 
 
 APN: __________________ 
 
 THIS AGREEMENT is made and entered into in Sacramento, California, this _______ day of 
_______________ 20___, by and between ______________________________(“Owner”), and the 
CITY OF SACRAMENTO, a municipal corporation (“City”). 
 
 WHEREAS, the Owner owns real property (the "Property") in the City of Sacramento, County of 
Sacramento, State of California, more specifically described in Exhibit “A” and depicted in Exhibit “B”, 
each of which exhibits is attached hereto and incorporated herein by this reference; and 
 
 WHEREAS, at the time of initial approval of the development project on the Property known as 
_______________________________, the City’s conditions of approval included a requirement for the 
Project to employ on-site control measures to minimize pollutants in urban runoff; and 
 
 WHEREAS, the Owner has chosen to install a _______________________________ (the 
“Device”), as the on-site control measure to minimize pollutants in urban runoff; and 
 
 WHEREAS, the Device has been installed in accordance with plans and specifications accepted 
by the City; and 
 
 WHEREAS, the Device, with installation on private property and draining only private property, 
is a private facility and all maintenance or replacement of the Device is the sole responsibility of the 
Owner in accordance with the terms of this Agreement; and 
 
 WHEREAS, the Owner is aware and agrees that periodic and continuous maintenance, 
including, but not necessarily limited to, filter material replacement and sediment removal, is required to 
assure peak performance of the Device and that, furthermore, such maintenance activity will require 
compliance with all local, State, or Federal laws and regulations, including those pertaining to confined 
space and waste disposal methods, in effect at the time such maintenance occurs. 
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 NOW THEREFORE, it is mutually stipulated and agreed as follows: 
 

1. The foregoing recitals are incorporated herein by this reference. 
 
2. Owner hereby provides the City or City's designee complete access to the Device and its 

immediate vicinity at any time and for any duration, upon twenty-four (24) hour advance 
notice in writing, for the purpose of inspection, sampling and testing of the Device.  City 
shall make every effort at all times to minimize or avoid interference with Owner’s use of 
the Property. 

 
3. Owner shall use its best efforts diligently to maintain the Device in a manner assuring 

peak performance at all times.  All reasonable precautions shall be exercised by Owner 
and Owner’s representative or contractor in the removal and extraction of material(s) 
from the Device and the ultimate disposal of the material(s) in a manner consistent with 
all relevant laws and regulations in effect at the time.  As may be requested from time to 
time by the City, the Owner shall provide the City with documentation identifying the 
material(s) removed, the quantity, and disposal destination. 

 
4. If Owner, or its successors or assigns, fails to accomplish the necessary maintenance 

contemplated by this Agreement, within five (5) days of being given written notice by the 
City, the City is hereby authorized (but shall not have any obligation) to cause any 
maintenance necessary to be done and charge the entire cost to the Owner or Owner's 
successors or assigns, including administrative costs and interest thereon at the 
maximum rate authorized by the Civil Code from the date of notice of the cost until paid 
in full. 

 
5. The City may require the Owner to post security in a form and for a time period 

satisfactory to the City, to guarantee performance of the obligations stated herein.  
Should the Owner fail to perform its obligations as required under this Agreement, the 
City may, in the case of a cash deposit or letter of credit, use the proceeds to pay costs 
incurred by the City to take any action(s) authorized by this Agreement, or in the case of 
a surety bond, the City may require the sureties to perform the Owner’s obligations 
under the Agreement. 

 
6. This Agreement shall be recorded in the Office of the Recorder of Sacramento County, 

California, at the expense of the Owner and shall constitute notice to all successors and 
assigns of the title to the Property of the obligations herein set forth, and also a lien in 
such amount as will fully reimburse the City for costs incurred pursuant to Section 4, 
above, including interest as hereinabove set forth, subject to foreclosure in event of 
default in payment. 

 
7. In the event of legal action occasioned by any default or action of the Owner, or its 

successors or assigns, then the Owner, on behalf of itself and its successors or assigns, 
agree(s) to pay all costs incurred by the City in enforcing the terms of this Agreement, 
including reasonable attorney’s fees and costs, and further agrees that the same shall 
become a part of the lien against the Property. 

 
8. It is the intent of the parties hereto that burdens and benefits herein undertaken shall 

constitute covenants that run with the Property and constitute a lien against the Property. 
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9. The obligations herein undertaken shall be binding upon the heirs, successors, 

executors, administrators and assigns of the parties hereto. The term “Owner” shall 
include not only the present Owner, but also its heirs, successors, executors, 
administrators, and assigns. Owner shall notify any successor to title of all or any part of 
the Property of the existence of this Agreement. Owner shall provide such notice prior to 
such successor obtaining an interest in all or part of the Property. Owner shall provide a 
copy of such notice to the City at the same time such notice is provided to the 
successor.  If an Owner shall convey all of its interest in the Property, the Owner shall be 
released from any obligations arising under this Agreement in connection with the 
maintenance of or failure to maintain the Device occurring after the date of such 
conveyance. 

 
10. Time is of the essence in the performance of this Agreement. 

 
11. Any notice to a party required or called for in this Agreement shall be served in person, 

or by deposit in the U.S. Mail, first class postage prepaid, to the address set forth below. 
Notice(s) shall be deemed effective upon receipt, or seventy-two (72) hours after deposit 
in the U.S. Mail, whichever is earlier. A party may change a notice address only by 
providing written notice thereof to the other party.  

 
12. If Owner consists of more than one party, each person, entity or other party described as 

the “Owner” in the first paragraph of this Agreement and/or executing this Agreement for 
Owner shall be jointly and severally liable for each and every obligation and requirement 
imposed on Owner herein. 

 
IF TO CITY: 
 
Director of Utilities – Stormwater Program 
City of Sacramento, Department of Utilities 
1395 35th Avenue 
Sacramento, CA 95822 
 

IF TO OWNER: 
 
____________________________________ 
____________________________________ 
____________________________________ 
____________________________________ 
 

 IN WITNESS THEREOF, the parties hereto have affixed their signatures as of the date first 
written above. 
 
APPROVED AS TO FORM: 
 
______________________________ 
City Attorney 
 
CITY OF SACRAMENTO: 
 
______________________________ 
Gary Reents, 
Director, Department of Utilities 
 
ATTEST: 
 
______________________________ 
City Clerk   Date 
 

OWNER: 
 
______________________________ 
Signature of Authorized Person 
 
Print Name: __________________ 
Title: ________________________ 
 
OWNER (if Necessary): 
 
______________________________ 
Signature of Authorized Person 
 
Print Name: __________________ 
Title: ________________________ 

NOTARIES ON FOLLOWING PAGE 



 

 

EXHIBIT A 
[Legal Description] 



 

 

EXHIBIT B 
[Map/Illustration] 
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Appendix C 
Connecting to the Sanitary Sewer System:  

General Information 

Unincorporated Sacramento County and the Cities of Citrus Heights, Elk 
Grove, Folsom and Rancho Cordova  
Sanitary sewer collection service is provided by County Sanitation District 1 (CSD-1); all 
wastewater is treated by the Sacramento Regional County Sanitation District (SRCSD) at the 
Sacramento Regional Wastewater Treatment Plant (SRWTP) in Elk Grove.1 

To install or replace sewer pipelines for new business or residence, both a building permit and a 
sewer impact (connection) permit will be required. If public right of way or publicly owned 
property will be used, an encroachment permit will be required. Building and encroachment 
permits are issued by the County for the unincorporated area or by the applicable city. The sewer 
connection permit is issued by CSD-1. The purposes of these permits are to ensure that plumbing 
is installed safely and legally and that everyone pays their fair share of the cost to construct the 
wastewater collection and treatment system (pipelines and treatment plant). Permits are not 
required for "spot repairs" (such as line replacement under 10 feet in length, or cleanout 
installation). 

Sewer impact (connection) fees must be calculated by the CSD-1/SRCSD Permit Services Unit. 
Refer to CSD-1’s web site (www.csd-1.com) or SRCSD's website at www.srcsd.com and call 
876-6100 for a fee quote.  

A $45 inspection fee will be collected at the time of permit issuance for all pipes within the 
County of Sacramento. 

City of Sacramento 
Sanitary sewer collection service is either provided by the City of Sacramento or CSD-1, 
depending on the service area. Within the City’s service area, the City operates a combined 
sewer system (CSS) that collects both sewage and drainage for the area. Wastewater treatment 
for these areas is provided by the SRCSD.  

All development projects within the City will be charged sewer impact fees:  

• For projects served by the City-owned collection system, the project will be charged a City 
sewer/CSS development fee and must pay the SRCSD sewer impact fee (connection fee). 
The City's development fee will be charged through the City’s building permit process. 

• For projects served by CSD-1, the project must pay the CSD-1 and SRCSD sewer impact 
(connection) fees.  

                                                 
1 CSD-1 covers sewer service from a residence or business (via what CSD calls the "little pipes") to SRCSD's 
"Interceptor System" (the "big pipes") that connect to the Sacramento Regional Wastewater Treatment Plant. 
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City of Folsom  
The City of Folsom owns and operates its own sanitary sewer collection system which eventually 
ties into to SRCSD’s interceptor system and is treated by the SRCSD at their plant in Elk Grove.  

Development projects in Folsom will be charged a City connection/impact fee and the SRCSD 
treatment fee. 

City of Galt 
Sanitary sewer collection service and wastewater treatment is provided by the City of Galt. 
Proposed sanitary sewer connections must be identified during the project application stage and 
will be reviewed on a case by case basis by the City's Public Works Department. Contact the 
City of Galt Public Works Department at (209) 366-7280. 

City of Roseville 
Sanitary sewer collection service and wastewater treatment is provided by the City of Roseville. 
Proposed sanitary sewer connections must be identified during the project application stage and 
will be reviewed on a case by case basis by the City's Environmental Utilities Department. 
Contact the Environmental Utilities Department Engineering Division at (916) 774-5751. 



Appendix D 
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Name of Drainage Shed: Fill in Highlighted Boxes
Project Located in

Step 1 - Calculate Area Requiring Treatment

Drainage Shed Area acres A

Open Space and Parks Acreage* AOS

Treatment Area A - AOS = AT

Number of Units in AT

Number of units per acre in AT DU/AT =

Assumed Initial Impervious Fraction I

      (determine using Table D-1a)
*. Includes all areas maintained in a natural state and planned for landscaped park areas

Dwelling units per acre Imperviousness
1 0.17
2 0.25

3,4 0.35
5,6 0.40
7 0.50

8,9 0.55
10-14 0.60
15-20 0.70

Step 2 - Calculate Impervious Area Treatments

Disconnected Roof Drains use Form D-1a for credits 0.00 acres
     (see Fact Sheet)

Disconnected Pavement use Form D-1b for credits 0.00 acres
     (see Fact Sheet)

Interceptor Trees use Form D-1c for credits 0.00 acres
     (see Fact Sheet)

Alternative Driveway Design use Form D-1d for credits 0.00 acres
     (see Fact Sheet)

Total Effective Area Managed (Credit Area) AC 0.00 acres

Adjusted Area for Flow-Based Treatment AT - AC = acres AAT

Adjusted Impervious Fraction for A ( AT ( I )  - AC )  / A = IA

  

See Area Example 
Below

Table D-1a

0.00

Effective Area 
Managed (AC)

Appendix D-1:  Residential Sites: Runoff Reduction Credits and Treatment BMP Sizing Calculations

Runoff Reduction Measures

#N/A

0.0

0

0.00

Check the website for the electronic version at www.sactostormwater.org click on "new development"



Form D-1a:  Disconnected Roof Drains Worksheet
See Fact Sheet for more information regarding Disconnected Roof Drain credit guidelines

Effective Area Managed (AC)

1.  Determine efficiency Multiplier

Runoff is directed to a dispersal trench or dry well 1.00
(Type A and B soils only)
Runoff is directed across landscaping, determine setback

25 ft + Use multiplier of 1.00
> 20 and < 25 ft Use multiplier of 0.90
> 15 and < 20 ft Use multiplier of 0.70
> 10 and < 15 ft Use multiplier of 0.45
> 5 and < 10 ft Use multiplier of 0.25

Efficiency Multiplier Box J1

2.  Determine percentage of roof drains disconnected Box J2

3.   Select project density in dwelling units per acre:
1             Use reduction factor of 0.08
2            Use reduction factor of 0.13
3,4         Use reduction factor of 0.19
5,6         Use reduction factor of 0.23
7            Use reduction factor of 0.29
8,9         Use reduction factor of 0.33
10-14      Use reduction factor of 0.37
15-20     Use reduction factor of 0.44

Reduction Factor Box J3

4.   Determine Area Managed

Multiply Box J3 by AT, and enter the result in Box J4 acres Box J4

5.  Multiply Boxes J1, J2 and J4, and enter the Result in Box J acres Box J

This is the amount of area credit to enter into the "Disconnected Roof Drains" Box of Form D-1

Form D-1b:  Disconnected Pavement Worksheet
See Fact Sheet for more information regarding NDC Pavement credit guidelines

Effective Area Managed (AC)
Divided Sidewalks

1.  Determine percentage of units with divided Sidewalks Box K1

Multiply Box K1, AT, and 0.04 and enter the result in Box K 0.00 acresBox K
This is the amount of area credit to enter into the "Disconnected Pavement" Box of Form D-1

Form D-1c:  Interceptor Tree Worksheet
See Fact Sheet for more information regarding Interceptor Tree credit guidelines

Effective Area Managed (AC)

New Evergreen Trees

trees

2.  Multiply Box L1 by 200 and enter result in  Box L2 sq. ft. 

New Deciduous Trees

trees

4.  Multiply Box L3 by 100 and enter result in Box L4 sq. ft. 

Existing Tree Canopy

sq. ft. 

6.  Multiply Box L5 by 0.5 and enter the result in Box L6 sq. ft. 

Total Interceptor Tree Credits

Add Boxes L2, L4, and L6 and enter it into Box L7 sq. ft. 

Divide Box L7 by 43,560 to get the number of acres effectively managed and enter the result in Box L8 acres

This is the amount of area credit to enter into the "Interceptor Trees" Box of Form D-1

Box L6

Box L7

Box L8

Box L5

0

0

0

0.00

0.0

3.  Enter number of new deciduous trees that qualify as Interceptor Trees in Box L3.

0.00

0

1.  Enter number of new evergreen trees that qualify as Interceptor Trees in Box L1.

5.  Enter square footage of existing tree canopy that qualifies as Existing Tree canopy in Box L5.

Box L4

0.0

Box L1

Box L2

Box L3

Check the website for the electronic version at www.sactostormwater.org click on "new development"



Form D-1d: Alternative Driveway Design
See Fact Sheet for more information regarding Alternative Driveway Design credit guidelines

1. Select type of driveway
Pervious Driveway: Multiplier:
     Cobblestone Block Porous Pavement 0.40
     Pervious Concrete/Asphalt Pavement 0.60

0.75

Not Directly-connected Driveway 1.00

Box M1

2. Determine percentage of units with Alternative Driveways: Box M2

4.  Multiply Boxes M1, M2, AT and 0.04, and enter the result in Box M acres Box M
This is the amount of area credit to enter into the "Alternative Driveway Design" Box of Form D-1

Step 3 - Calculate Flow or Volume Requiring Treatment

Form D-1e  Treatment - Flow-Based (Rational Method)

Calculate treatment flow (cfs): Flow = Runoff Coefficient x Rainfall Intensity x Adjusted Treatment Area

C

Determine i using Table D-1c (Rainfall Intensity) i 

AAT from Step 2 AAT

Flow = C * i * AAT cfs

Single-family areas 0.50 Roseville i = 0.20  in/hr
Multi-units, detached 0.60 Sacramento i = 0.18  in/hr
Apartment dwelling areas 0.70 Folsom i = 0.20  in/hr
Multi-units, attached 0.75
User Specified 0.00

Form D-1f  Treatment - Volume-Based (CASQA) Skip this, use Form D-1g for volume calculations

Calculate treatment volume (Acre-Feet): Treatment Volume = Area x (Storage Volume ÷ Conversion Factor)

CA hrs Specified Draw Down time

Determine Unit Basin Storage Volume (Fig. D-2A) using CA SV

A from Step 1 A

Treatment volume = AT x (SV / 12) Acre-Feet

Form D-1g  Treatment - Volume-Based (ASCE-WEF)

Calculate water quality volume (Acre-Feet): WQV = Area x Maximized Detention Volume (P0)

A from Step 1 A hrs Specified Draw Down time

P0

Treatment volume = A x (P0 / 12) Acre-Feet

0.00

Table D-1c

 Rainfall Intensity

0.00

select location in part 1

0.00

Runoff Coefficient (Rational), C

TABLE D-1b

0.00

#N/A
Obtain P0: Maximized Detention Volume from 
figures E-1 to E-4 in Appendix E of this manual 
using IA from Step 2.

0.00

Determine Adjusted CA using Table D-2d (for 
CASQA Method) and the Adjusted Impervious 
Fraction (IA) from Step 2

0.03

0.04

     Modular Block Porous Pavement 
     Porous Gravel Pavement & 
Hollywood Driveway

0.00

Determine C Factor using Table D-1b

0.00

Check the website for the electronic version at www.sactostormwater.org click on "new development"





Name of Drainage Shed: Fill in Higlighted boxes
Location of project:

Step 1 - Calculate Area Requiring Treatment

Drainage Shed Area acres A

Open Space Acreage and Landscaped Areas** acres AOS

Area with Runoff Reduction Potential A - AOS  = acres AT

Assumed Initial Impervious Fraction AT / A = I

*. Includes apartments, condominiums, and townhouses
**. Includes all areas maintained in a natural state and planned for landscaping

Step 2 - Calculate Impervious Area Treatments

Runoff Reduction Treatments
Impervious 

Area 
Managed

Efficiency 
Factor

Effective Area 
Managed (AC)

Porous Pavement:

     Option 1: Porous Pavement acres x = 0.000 acres
          (see Fact Sheet, excludes porous pavement used in Option 2)

     Option 2: Disconnected Pavement use Form D-2a for credits 0.00 acres
          (see Fact Sheet, excludes  porous pavement used in Option 1)

Landscaping used to Disconnect Pavement acres = 0.00 acres
          (see Fact Sheet)

Disconnected Roof Drains acres = 0.00 acres
          (see Fact Sheet and/or Table D-2b for summary of requirements)

Ecoroof acres = 0.00 acres
          (see Fact Sheet)

Interceptor Trees use Form D-2b for credits 0.00 acres
          (see Fact Sheet)

Total Effective Area Managed AC 0.00 acres

Adjusted Area for Flow-Based Treatment AT - AC = AAT

Adjusted Impervious Fraction AAT / A = IA

  

Porous Pavement Type
Efficiency 
Multiplier

Cobblestone Block Pavement 0.40 21 ft
Pervious Concrete/Asphalt 

Pavement 0.60
24 ft

Modular Block Pavement &  
Porous Gravel Pavement 0.75 28 ft

Reinforced Grass Pavement 1.00 32 ft

Appendix D-2:  Commercial and Multi-Family Sites*: Runoff Reduction Credits and Treatment BMP Sizing Calculations

see area 
example below

0.00

0.00

Table D-2b

0.00

0.00

Table D-2a

≤ 10,000 sq ft

Minimum travel 
distanceMaximum roof size

≤ 3,500 sq ft

≤ 5,000 sq ft

≤ 7,500 sq ft

Check the website for the electronic version at www.sactostormwater.org click on "new development"



Form D-2a:  Disconnected Pavement Worksheet

See Fact Sheet for more information regarding Disconnected Pavement credit guidelines
Effective Area Managed (AC)

Pavement Draining to Porous Pavement

2.  Enter area draining onto Porous Pavement acres Box K1

3.  Enter area of Receiving Porous Pavement acres Box K2
(excludes area entered in Step 2 under Porous Pavement)

4.  Ratio of Areas   (Box K1 / Box K2) Box K3

5. Select multiplier using ratio from Box K3 and enter into Box K4
Ratio (Box D) Multiplier
Ratio is ≤ 0.5 1.00
Ratio is > 0.5 and < 1.0 0.83 Box K4
Ratio is > 1.0 and < 1.5 0.71
Ratio is > 1.5 and < 2.0 0.55

6.  Enter Efficiency of Porous Pavement  (see table below) Box K5

Porous Pavement Type
Efficiency 
Multiplier

Cobblestone Block Pavement 0.40
Pervious Concrete       Asphalt 
Pavement 0.60

Modular Block Pavement     
Porous Gravel Pavement 0.75

Reinforced Grass Pavement 1.00

7.  Multiply Box K2 by Box K5 and enter into Box K6 acres Box K6

8.  Multiply Boxes K1,K4, and K5 and enter the result in Box K7 acres Box K7

9.  Add Box K6 to Box K7 and enter the Result in Box K8 acres Box K8
This is the amount of area credit to enter into the "Disconnected Pavement" Box of Form D-2

Form D-2b:  Interceptor Tree Worksheet

See Fact Sheet for more information regarding Interceptor Tree credit guidelines

New Evergreen Trees

1.  Enter number of new evergreen trees that qualify as Interceptor Trees in Box L1. trees Box L1

2.  Multiply Box L1 by 200 and enter result in  Box L2 sq. ft. Box L2

New Deciduous Trees

3.  Enter number of new deciduous trees that qualify as Interceptor Trees in Box L3. trees Box L3

4.  Multiply Box L3 by 100 and enter result in Box L4 sq. ft. Box L4

Existing Tree Canopy

5.  Enter square footage of existing tree canopy that qualifies as Existing Tree canopy in Box L5. sq. ft. Box L5

6.  Multiply Box L5 by 0.5 and enter the result in Box L6 sq. ft. Box L6

Total Interceptor Tree EAM Credits

Add Boxes L2, L4, and L6 and enter it into Box L7 sq. ft. Box L7

acres Box L8
This is the amount of area credit to enter into the "Interceptor Trees" Box of Form D-2

0.00

0.00

1

0

0

0.00

Divide Box L7 by 43,560 to get the number of acres effectively managed and enter the result in Box L8

0.00

0

0.00

0

Check the website for the electronic version at www.sactostormwater.org click on "new development"



Step 3 - Calculate Flow or Volume Requiring Treatment

Form D-2c  Treatment - Flow-Based (Raional Method)

Calculate treatment flow (cfs): Flow = Runoff Coefficient x Rainfall Intensity x Area
Table D-2c

Look up value for i in Table D-2c (Rainfall Intensity) i
Roseville i = 0.20 in/hr

Obtain AAT from Step 2 AAT Sacramento i = 0.18 in/hr
Folsom i = 0.20 in/hr

Use C = 0.95 C

Flow = 0.95 * i * AAT cfs

Form D-2d  Treatment - Volume-Based (CASQA) do not use form D-2d contiue to form D2-e

Calculate treatment volume (Acre-Feet): Treatment Volume = Area x (Storage Volume ÷ Conversion Factor)

CA

Determine Unit Basin Storage Volume (Figure D-2a) using CA SV

 A from Step 1 A

Treatment volume = A x (SV / 12) Acre-Feet

Form D-2e  Treatment - Volume-Based (ASCE-WEF)

Calculate water quality volume (Acre-Feet): WQV = Area x Maximized Detention Volume (P0)

Obtain A from Step 1 A hrs Specified Draw Down time

P0

Calculate treatment volume (acre-ft):

Treatment volume = A x (P0 / 12) Acre-Feet

0.03

0.00

0.00

0.04

Obtain P0: Maximized Detention Volume from figures E-1 to E-4 
in Appendix E of this manual using IA from Step 2. #N/A

0.00

#N/A

 Rainfall Intensity

0.00

#VALUE!

0.95

Determine Adjusted CA using Table D-2d (for CASQA Method) 
and the Adjusted Impervious Fraction (IA) from Step 2

select a location on page 
1

Check the website for the electronic version at www.sactostormwater.org click on "new development"
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Appendix D-3 

Runoff Reduction Credit Criteria 
The following series of tables presents information related to calculating runoff reduction credits for the 
control measures presented in Chapter 5 of the Design Manual. 

Runoff Reduction Credits for Porous Pavement  
This table refers to runoff reduction credit worksheets/forms which can be found in Appendix   D-1 and 
D-2 of this Design Manual. Efficiency multipliers were taken from Denver manual.  

Pavement 
Type  Applications and Runoff Reduction Credits  

Residential - Runoff Reduction Credits can be obtained for use of these materials in driveways (see 
Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix D-1. 

Pervious 
Concrete or 
Asphalt  

Commercial - Runoff Reduction Credits can be obtained for the use on any appropriate commercial 
surface. Credits are calculated using an efficiency multiplier of 60%. The credit calculation is 
simplified in Appendix D-2. 

Residential - Runoff Reduction Credits can be obtained for use of modular block in driveways (see 
Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix D-1. Credits 
can be obtained for use of modular block in other areas of residential development where surfaces 
which would otherwise be impervious are substituted with MBP. Use an efficiency multiplier of 
75% 

Modular 
Block 
Pavement 

Commercial - Runoff Reduction Credits can be obtained for the use of modular block on any 
appropriate commercial surface. Credits are calculated using an efficiency multiplier of 75%. The 
credit calculation is simplified in Appendix D-2. 

Residential - Runoff Reduction Credits can be obtained for use of reinforced grass pavement in 
residential development where surfaces which would otherwise be impervious are substituted with 
reinforced grass pavement. Use an efficiency multiplier of 100%. 

Reinforced 
Grass 
Pavement 

Commercial - Runoff Reduction Credits can be obtained for the use of reinforced grass pavement 
on any appropriate commercial surface. Credits are calculated using an efficiency multiplier of 
100%. This calculation is simplified in Appendix D-2. 

Residential - Runoff Reduction Credits can be obtained for use of cobblestone block pavement in 
driveways (see Alternative Driveways Fact Sheet). The credit calculation is simplified in Appendix
D-1. Credits can be obtained for use of cobblestone block pavement in other areas of residential 
development where surfaces which would otherwise be impervious are substituted with 
cobblestone block pavement. Use an efficiency multiplier of 40%. 

Cobblestone 
Block 
Pavement 

Commercial - Runoff Reduction Credits can be obtained for the use of cobblestone block pavement 
on any appropriate commercial surface. Credits are calculated using an efficiency multiplier of 
40%.  This calculation is simplified in Appendix D-2. 

Residential - Runoff Reduction Credits can be obtained for use of porous gravel pavement in 
residential development where surfaces which would otherwise be impervious are substituted with 
porous gravel pavement. Use an efficiency multiplier of 75%. 

Porous 
Gravel 
Pavement 

Commercial - Runoff Reduction Credits can be obtained for the use of porous gravel pavement on 
any appropriate commercial surface. Credits are calculated using an efficiency multiplier of 75%. 
This calculation is simplified in Appendix D-2. 
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Runoff Reduction Credits for Disconnected Pavement  

Efficiency multipliers were taken from Denver manual.   

Variation/ 
Application Runoff Reduction Credits   

Pavement Draining to Landscaping 

Residential Runoff Reduction Credits can be obtained for disconnection of sidewalks (simplified in 
Appendix D-1, Form D-1b) and driveways (see Alternative Driveways Fact Sheet, 
simplified in Form D-1d). 

Commercial Runoff Reduction Credits can be obtained for use of landscaping to disconnect impervious 
surfaces. Credit can apply to 100% of up to 1000 square feet of pavement draining to each 
properly designed vegetated area. (Source: Contra Costa Clean Water Program) 

Pavement Draining to Porous Pavement (Source: Denver) 

Commercial Runoff Reduction Credits can be obtained for disconnected impervious surfaces with the 
amount of credit dependent on the ratio of impervious surfaces to pervious surfaces. More 
credit is given for lower ratios. If the impervious surface area equals no more than half the 
area of the porous surface, then credit is given for the entire impervious surface. As the ratio 
increases above 0.5, the treatment provided is decreased resulting in a lower infiltration 
factor. Credit is not given for ratios above 2.0. Credit allowed for specific 
impervious/pervious ratios are listed below: 

Impervious Area / Porous Area Ratio Efficiency Multiplier 
≤0.5 1.00 

0.5 - 1.0 0.83 
1.0 - 1.5 0.71 
1.5 - 2.0 0.55  

  
The efficiency of the porous pavement in infiltrating sheet flow is dependent on the type of  
pavement used. The following are the efficiency factors for different pavement types: 

Porous Pavement Type Efficiency Multiplier 
Modular Block Pavement 0.75 

Cobblestone Block Pavement 0.40 

Reinforced Grass Pavement 1.00 

Poured Porous Concrete Pavement 0.60 

Porous Gravel Pavement 0.75 
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These tables refer to runoff reduction credit worksheets/forms which can be found in Appendix D-1 and   D-2 of this 
Design Manual. 

Runoff Reduction Credits for Alternative Driveways 

Variation Applications and Runoff Reduction Credits 

Pervious Driveway Residential — credits can be applied for the entire driveway surface when approved 
materials and specifications are used in accordance with the Design Requirements. 
Use Appendix D-1. 

Hollywood 
Driveway 

Residential — an efficiency multiplier of 75% of the driveway area when approved 
materials and specifications are used in accordance with the Design Requirements. 
Use Appendix D-1. 

Disconnected 
Driveway 

Residential — credits can be for the entire driveway surface when designed 
according to this fact sheet. Use Appendix D-1. 

Shared Driveway Residential — credits vary according to design. Consult municipal engineer 

Runoff Reduction Credits for Disconnected Roof Drains 

Variation Applications and Runoff Reduction Credits 

Splash Block/Pop-up Drainage Emitter 

Residential Credit may be given for each disconnected roof drain with the amount of credit 
dependent upon building set back. This calculation is simplified in Appendix D-1. 

Commercial Credit may be given for each disconnected roof drain meeting the design 
requirements. The credit calculation is simplified in Appendix D-2. 

Dispersal Trench and Dry Well 

Residential Credit may be given for each disconnected roof drain meeting the design 
requirements. The credit calculation is simplified in Appendix D-1. 

Commercial Credit may be given for each disconnected roof drain meeting the design 
requirements. The credit calculation is simplified in Appendix D-2. 

Runoff Reduction Credits for Interceptor Trees 

Variation  Applications and Runoff Reduction Credits  
Residential - Credit may be given for each new tree planted in the municipal right-
of-way. Consult municipality about the possibility of credits for trees outside of the 
municipal right-of-way. This calculation is simplified in Appendix D-1. 

All Planted Trees 

Commercial - Credit may be given for each new tree planted within 25 feet of 
ground level impervious surfaces. 25% of trees already required by zoning can be 
used for Interceptor Tree credits. This calculation is simplified in Appendix D-2. 

New Evergreen Trees  200 square feet of credit  
New Deciduous Trees 100 square feet of credit  
Existing Trees The Runoff Reduction Credit, as applied to existing trees, is calculated by identifying

the square-footage equal to one-half of the existing tree canopy, measured within the 
drip line. The resulting square footage divided by the total site square footage is 
equal to the IRP. This calculation is simplified in Appendix D-1 and D-2. 

*Trees required by the municipality as mitigation for other trees lost on the project will not count toward Runoff Reduction Credit 
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Trees Qualifying for Interceptor Tree Runoff Reduction Credits* 

Common Name Botanical Name Type**

Mature Tree 
Shape  Canopy (dia.) Height 
(max.) 

American Chestnut Castanea dentata  Oval to rounded or wide 
spreading 

40-60' 80-120' 

American Hornbeam Carpinus caroliniana  Vase-shaped 20-30' 25-30' 
American Linden Tilia americana  Oval and informal 30-60' 60-80' (100') 
American Sweet Gum Liquidambar styraciflua  Conical 20-40' 45-65' 
Amur Maackia Maackia amurensis  Vase-shaped 15-20' 20-30' 
Amur Maple Acer tataricum ginnala  Rounded 15-20' 20' 
Arizona Cypress Cupressus arizonica E Conical to vase 25-30' 40-50' 
Atlas (Blue) Cedar Cedrus atlantica E Flat-topped, loose, open 

and spreading 
30-40' 40-60' (120') 

Autum Blaze Maple Acer fremanii 'Autumn Blaze'  Oval 50' 50' 
Bald Cypress Taxodium distichum  Oval at maturity, uniform 20-30' 50-70' (100') 
Bechtel Crabapple Malus ioensis 'Plena'  Broad-rounded 20' 25' 
Bigleaf Maple Acer macrophyllum N Broad-rounded 30-75' 45-75' (100') 
Blue Oak Quercus douglasii N P Rounded umbrella 50-80' 50-60' 
Burr Oak Quercus macrocarpa  Broad-rounded 75-85' 70-80' 
California Bay Umbellularia californica EN Round 30' 25' 
California Black Oaka Quercus kelloggii N Vase 30-60' 30-80' 
Callery Pear Pyrus calleryana  Oval 25' 40' 
Canary Island Date Palm Phoenix canariensis E Round head 25-30' 60' 
Canary Island Pine Pinus canariensis E Pyramidal 25-35' 60-80' 
Canyon Live Oak Quercus chrysolepis E N Broad-rounded 50-70' 50-75' 
Carob Ceratonia siliqua E Broad to wide-rounded 30-45' 30-40' 
Carolina Laurel Cherry Prunus caroliniana E Irregular rounded 15-25' 20-30' (40') 
Chaste Tree Vitex agnus-castus  Rounded 15-20' 20-25' 
Chestnut-Leafed Oak Quercus castaneafolia  Broad and rounded 50-60' 70-90' 
Chinese Evergreen Elm Ulmus parvifolia  Rounded 40-50' 40-50' (70') 
Chinese Fringe Tree Chionanthus retusus  Rounded 20-25' 20-25' 
Chinese Hackberry Celtis sinensis  Rounded 50-60' 40-80' 
Chinese Pistache Pistacia chinensis  Broad-rounded 25-35' 30-35' (50') 
Chinese Wingnut Pterocarya stenoptera  Broad-rounded 30-40' 40-90' 
Coast Live Oak Quercus agrifolia EN Rounded 60' 40' 
Coast Redwood Sequoia sempervirens E Narrow pyramidal to wide 

conical 
50-60' 350' 

Colorado Spruce Picea pungens E Narrow pyramidal to 
broad conical 

10-20' 30-60' (135') 

Common Horsechestnut Aesculus hippocastanum  Pyramidal to oval 40-70' 50-75' (100'+) 
Coolibah Eucalyptus microtheca  Round head 30' 25-50' 
Cork Oak Quercus suber E Rounded 35-45' 70-100' 
Crabapple 'Prariefire" Malus ioensis 'Prariefire'  Broad-rounded 15-20' 25' 
Crape Myrtle (Tree Form, 
some are large shrubs) 

Lagerstroemia hybrids  Broad-rounded 15-20' 6-30' 

Crimson Sentry Maple Acer platanoides 'Crimson Sentry'  Oval 40' 40' 
Dawn Redwood Metasequoia glyptostroboides  Conical to narrow 

pyramidal and formal 
25-35' 80-90' (120') 

Deodar Cedar Cedrus deodara E Wide and slightly flat-topped 30-60' 40-70' (200') 



Stormwater Quality Design Manual for the Sacramento and South Placer Regions 
May 2007 Appendix D-3 Page 5 

Common Name Botanical Name Type**

Mature Tree 
Shape  Canopy (dia.) Height 
(max.) 

Douglas Fir Pseudotsuga menziesii E N Broadly cylindrical 30-40' 40-80' (200') 
Eastern Dogwood Cornus florida  Broad-rounded 15-20' 20-25' 
Eastern Redbud Cercis canadensis  Rounded 25-35' 20-30' 
English Hawthorn 'Paul's 
Scarlet' 

Crataegus laevigata 'Paul's 
Scarlet' 

 Vase-shape 20-25' 18-25' 

English Oak Quercus robur    50' 50' 
European Beech Fagus sylvatica  Oval to rounded 35-45' 50-60' (100') 
European Hackberry Celtis australis  Rounded 50-60' 40-80' 
European Hornbeam Carpinus betulus 'Fastigiata'  Broad oval-vase shaped 20-30' 40' 
Evergreen Ash Fraxinus uhdei E Round head 70' 40' 
Flannel Bush Fremontodendron californicum E Flat-topped Vase 20-25' 20-25' 
Forest Green Oak Quercus frainetto 'Forest Green'  Rounded 30' 50' 
Formosan Flame Koelreuteria elegans  Broad rounded 35' 35' 
Fragrant Snowbell Styrax obassia  Rounded 15-20' 20-30' 
Frontier Elm Ulmus 'Frontier'    30' 40' 
Ginkgo Biloba (Male Only) Ginkgo biloba  Wide rounded-pyramidal 30-40'+ 35-80' (100') 
Golden Flame Tree Koelreuteria bipinnata  Rounded 15-25' 20-40' 
Goldenchain Tree Laburnum anagyroides  Oval to round-headed 15-20' 20-30' 
Goldenrain Tree Koelreuteria paniculata  Rounded 30-40'+ 30-40' 
Grecian Laurel Laurus nobilis E Irregular rounded 20-25' 15-40' 
Green Ash Fraxinus pennsylvanica 

'Patmore', 'Leprichaun', 'Centerpoint' 
 Oval, irregular 30' 40' 

Hedge Maple Acer campestre  Rounded 30-35' 30-70' 
Holly Oak Quercus ilex E Rounded 40-50' 40-70' 
Honey Locust (thornless) Gleditsia triacanthos  Rounded to wide-rounded 30-70' 35-70' 
Incense Cedar Calocedrus decurrens E N Conical 25-30' 30-50' (150') 
Interior Live Oak Quercus wislizenii E N P Irregular 30-60' 30-75' 
Italian Stone Pine Pinus pinea  Broad, flat topped 30-40' 40-80' 
Japanese Maple Acer palmatum  Broad-rounded 25'+ 20' 
Japanese Pagoda Tree Sophora japonica  Rounded to broad-spreading 50-75' 50-75' 
Japanese Red Pine Pinus densiflora E Broad-pyramidal and irregular 40-60' 40-60' (100') 
Japanese Snowdrop Styrax japonicus  Rounded 15-20' 25-30' 
Japanese White Birch Betula platyphylla japonica  Oval 20-25' 40-50' 
Jelecote Pine Pinu patula E   25' 30' 
Kentucky Coffee Tree Gymnocladus dioica  Oval with coarse branching 40-50' 60-75' (90') 
Kobus Magnolia Magnolia kobus  Rounded 15-25' 30' 
Little-Leaf Linden Tilia cordata  Rounded pyramidal 30-50' 60-70' (90') 
Mexican Fan Palm Washingtonia robusta E Round head 10-15' 100' 
Norwegian Sunset Maple Acer truncatum 'Norwegian Sunset'    25' 30' 
Pin Oak Quercus palustris  Uniformly pyramidal with 

a straight central leader 
25-40' 50-80' 

Ponderosa Pine Pinus ponderosa E N Conical 30-50' 60-100' (230')
Prospector Elm Ulmus 'Prospector'    30' 40' 
Purple Leaf Plum Prunus cerasifera 'Krauter Vesuvius'  Rounded 15-25' 15-30' 
Red Maple Acer rubrum  Oval to rounded to 60' 40-60' (120') 
Red Oak Quercus rubra  Rounded 60-75' 60-75' (100') 
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Common Name Botanical Name Type**

Mature Tree 
Shape  Canopy (dia.) Height 
(max.) 

Saucer Magnolia Magnolia x soulangeana  Rounded 20-30' 25' 
Scarlet Oak Quercus coccinea  Oval to rounded with an 

open habit 
40-50' 70-75' (100') 

She-oak Casuarina stricta E Oval/vase 15-25’ 20-35’ 
Shumard Red Oak Quercus shumardii  Oval 50' 70' 
‘Seville” sour orange Citrus ‘Seville’ E Rounded 15-20’ 20-30’ 
Southern Live Oak Quercus virginiana E Broad rounded, irregular 65' 60' 
Southern Magnolia Magnolia grandiflora E Broad pyramidal, rounded 

pyramidal and rounded 
30-50' 60-80' 

Southern Magnolia 'St. Mary' Magnolia grandiflora 'St. 
Mary' 

E Rounded 15-20' 20' 

Strawberry Tree Arbutus unedo E Oval to rounded 8-35' 8-35' 
Sugar Maple Acer saccharum  Oval to rounded 40-60' 60-75' (120') 
Sycamore Platanus species S Oval to rounded 30-50' 40-100' 
Texas Red Oak Quercus buckleyi    25' 30' 
Trident Maple Acer buergerianum  Oval 20-25' 20-25' 
Tulip Tree Liriodendron tulipifera  Oval-rounded with a 

strong central leader 
35-50' 70-90' (150') 

Tupelo / Sour Gum Nyssa sylvatica  Rounded pyramidal 20-30' 30-50' 
Valley Oak Quercus lobata N P Broad-rounded 50-80' 70'+ 
Vine Maple Acer circinatum N Rounded 25-35' 5-35' 
Washington Hawthorn Crataegus phaenopyrum  Rounded, vase-shaped 15-20' 25' 
Western Red Cedar Thuja plicata E Conical to wide conical 50-80' 50-70' (200') 
Western Redbud Cercis occidentalis  Rounded 10-18' 10-18' 
White Alder Alnus rhombifolia N Pyramidal to rounded 15-25' 30-45' 
White Ash Fraxinus americana 'Autum 

Purple', 'Chicago Regal' 
 Oval 60' 40' 

Willow Oak Quercus phellos  Rounded 30-40' 40-60' (100') 
Zelkova Zelkova serrata  Vase-shaped and rounded 30-60' 50-80' (120') 
*proposed tree's/landscaping plans are subject to the approval of the local permitting agency 
a only allowed in foothills of Folsom 
**E=Evergreen; N=Native; P=Protected Species; S=Some Can Be Native 
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Appendix D4 

LID Credits Background Report 
 
 
I. INTRODUCTION 
 
Multiple environmental agencies, including the Central Valley Regional Water Quality Control Board, 
have recently adopted a strategy to encourage municipalities and developers to incorporate Low Impact 
Development (LID) into site planning and design. Low Impact Development includes a set of measures 
that reduce site imperviousness, thereby reducing storm water runoff, and/or provide filtration through 
vegetation or infiltration. In theory, use of LID controls within a given site results in a reduction of the 
amount of storm water requiring treatment, termed Runoff Reduction. The purpose of this report is to 
summarize an effort undertaken by local agencies to develop an LID, or Runoff Reduction, credit system. 
This system is being developed for use in the Stormwater Quality Design Manual for the Sacramento and 
South Placer Regions (Manual). 
 
The NPDES Phase I and Phase II Municipal Stormwater Permits for the County of Sacramento (and co-
permittees) and the City of Roseville, respectively, require that treatment of storm water occur for 
development projects of various types: residential and commercial being the most common. Thresholds 
(by size of development) for treatment vary by permit, but all participating municipalities have an interest 
in achieving regional consistency in the application of storm water design standards.  
 
This document and the resulting worksheets are an attempt to 1) quantify the benefit obtained through the 
incorporation of specific Runoff Reduction measures, and 2) provide a mechanism by which developers 
can calculate the benefit for using Runoff Reduction and the resulting reduction in size of treatment 
controls. This is achieved by assigning “credits” to the use of Runoff Reduction measures. 
 
This document focuses on the two most common types of development, residential and commercial, but 
the concepts presented could be easily adapted to other types of development projects. 
 
Assumptions 
 
The Runoff Reduction credit system has been developed based on the following assumptions. 
 

• Pavement/asphalt and roof tops are 100% impervious. 
 

• Landscaped areas, lawns, and natural areas are pervious and any runoff generated from these 
areas is assumed to be clean with no further treatment needed. 

 
• Runoff from porous pavements is partially infiltrated/reduced depending on how pervious the 

material is and on the permeability of native soils. 
 

• Runoff from impervious surfaces that flows across pervious surfaces is partially reduced with the 
amount of reduction dependent on the type of receiving surface.  
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II. RESIDENTIAL CREDITS CALCULATION 
 
Background Data 
 
Research was conducted in 2005 by the City of Roseville and the County of Sacramento using studies of 
available maps of residential developments of various sizes and types within Sacramento and Placer 
County. These maps were used to calculate the aggregate area of features of interest: streets, rooftops, 
sidewalks, and driveways, as well as the total area of each development. A value was calculated for 
rooftops, sidewalks, driveways, streets, and total impervious surface as a percentage of the total area. This 
information was compiled to obtain local, accurate, empirical values for the average impervious fraction 
of different types of residential developments with differing densities (dwelling units per acre), as well as 
information about how the different features contribute to total site imperviousness. Data collected in the 
research effort for 29 sites is summarized in Attachment A.  
 
The Sacramento/Roseville data was used to compute an average impervious fraction for each of eight 
categories of residential development classified by density, which ranged from one dwelling unit per acre 
to 20 dwelling units per acre. Average total impervious fraction and percent imperviousness by surface 
type has been identified in Table 1. 
 
Table 1 – Average Impervious Fraction by Surface Type for Eight Categories  of Residential 

Development 
 

DENSITY IN 
DWELLING UNITS 
PER ACRE (DU/A) 1 2 3-4 5-6 7 8-9 10-14 15-20 
TOTAL 
IMPERVIOUS 
FRACTION 0.17 0.25 0.35 0.40 0.50 0.55 0.60 0.70 
ROOFTOP 0.08 0.13 0.19 0.23 0.29 0.33 0.37 0.44 
SIDEWALK 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
DRIVEWAY 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
STREET 0.01 0.04 0.08 0.09 0.13 0.14 0.15 0.18 

 
Appendix D-1 in Manual 
 
The Residential Runoff Reduction Worksheet, Form D-1, allows a designer to calculate a reduced 
treatment requirement based on the incorporation of various Runoff Reduction measures into their 
project. To use Appendix D-1, the designer must obtain an accurate estimate of the project area, then 
estimate how much of that area will be ‘open space and parks’ as defined in the Manual. Open space and 
parks does not include landscaping within individual residential lots. The open space/parks acreage is 
subtracted from the total acreage to find the size of the area that will require treatment, At. These 
calculations are completed in Step 1 of the form.  
 
The designer then proceeds through Step 2 to determine how much credit is earned for Runoff Reduction 
techniques incorporated into the project. Using predetermined impervious fraction factors and Forms D-
1a-d, the designer calculates the size of each area that will be affected by various Runoff Reduction 
techniques, and these areas become “effectively managed” under the system. The total Effective Area 
Managed (Ac) equals the amount of credit allowed for the incorporation of Runoff Reduction measures. 
 
For every technique, an efficiency multiplier is provided which reflects the fraction of runoff that is being 
reduced or treated from the area being considered. For example, a porous pavement driveway reduces 
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runoff from the driveway by 60% while a Hollywood driveway reduces runoff by 75%, based on each 
driveway’s ability to infiltrate stormwater. After an efficiency multiplier is determined, a use multiplier 
representing the percentage of units in the development that are using the technique is determined. So, if 
50% of the units in the development use the Runoff Reduction measure, then 50% of possible reduction is 
achieved. Finally, a reduction factor is selected, which represents the fraction of land that the surface of 
interest represents. For example, in calculating the amount of credits allowed for an alternative driveway, 
the reduction factor reflects the area of driveway surface as a fraction of the total area requiring treatment 
(At); in all residential developments, driveways comprise 4% of the total area. These fractions are all 
multiplied together to get a fraction of total site area effectively managed. This is multiplied by the total 
acreage of AT to find the area of impervious surface that is effectively managed (Ac) by using the Runoff 
Reduction technique.  
 
So the effective area managed is equal to: 
 
efficiency multiplier * use multiplier * reduction factor * total acreage 
 
Runoff Reduction measures for which credit can be obtained within residential development projects 
include disconnected roof drains, disconnected pavement, interceptor trees, and alternative driveways. 
All Runoff Reduction measures must be designed and installed in accordance with specifications and 
details provided in Fact Sheets included in the Manual. The basis for the credit allowed for each of the 
Runoff Reduction measures has been detailed below. 
 

Disconnected Roof Drains (DRDs) 
 
Disconnected roof drains (DRDs) can achieve the functional equivalent of reducing a large amount of 
imperviousness by directing rooftop runoff to a pervious surface, dispersal trench, or dry well, as allowed 
by the local permitting agency. Use of DRDs as a Runoff Reduction measure has been recommended in 
guidance manuals such as Start at the Source (1999) and The Practice of Low Impact Development 
(2003.) If the roof drainage is connected to a dispersal trench or a dry well that have been designed 
according to specifications provided in the fact sheet, then 100% of the impervious surface attributed to 
rooftop is considered treated for that unit, thus the efficiency multiplier is 1.00. Design standards for the 
dispersal trench and dry well are adapted from High Point Community Site Drainage Technical Standards 
(2004) and Virginia Stormwater Management Program Handbook (1999).  
 
If the runoff, via the roof drain, is directed across the surface of the landscaping, then the amount of 
runoff that will be treated is dependent on the amount of vegetation the water will flow through before 
entering the storm drain system. The design specifications for Sacramento County require a 20-foot 
setback between the house and the sidewalk. Most new developments obtain variances to reduce their 
setback distances to 15 feet or 12.5 feet. The efficiency multiplier for disconnected roof drains draining to 
landscaping is then found using manning’s equation to solve for hydraulic residence time. The manning’s 
equation used is the equation described in Filter Strip Worksheet 2005 Surface Water Design Manual 
Sizing Method published in the King County Surface Water Design Manual published by King County 
Water and Land Resources Division. 
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Where, 
 
L = filter strip length (feet) 
t = hydraulic residence time (seconds) 
Q = design flow (cfs) 
W = filter strip width (feet) 
n = Manning’s roughness coefficient 
s = longitudinal slope along path 
 

AiCWQF =  
 
Where, 
 
WQF = design flow (cfs) 
C = Rational Runoff coefficient 
i = rainfall intensity (in/hr) 
A = Area (acres) 
 
The equation is solved for hydraulic residence time, using various setback lengths and the 
following assumptions. 
 
Residential Disconnected Roof Drain Assumptions: 
 
W = 5 feet (recommended by local hydrologist as typical average) 
s = 0.01  
n = 0.35 (residential is likely to have short grasses) 
C = 0.9 (rational C) (corresponds to rooftop’s 100% imperviousness) 
Rooftop area = 2,500 sq feet (average roof area for 5-7 DU/A) 
 
The hydraulic residence time is then computed as a percentage of the value for full treatment, identified as 
being 7 minutes by many stormwater manuals. The results are summarized in Table 2, and multipliers are 
rounded to the nearest 0.05 in the form. 
 
Table 2 – DRD Efficiency Multipliers Based on Length of Front Yard Setback 
 

Length of Setback Residence Time Percent of 7 minutes Efficiency multiplier 
25 feet 8.6 min 123% 1 
20 feet 6.9 min 98% 0.98 
15 feet 5.2 min 74% 0.74 
10 feet 3.4 min 48% 0.48 
5 feet 1.7 min 24% 0.24 
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The designer must determine how many of the roof downspouts are to be disconnected, as a percentage of 
total roof downspouts. This determines the use multiplier for disconnected rooftops. 
 
The form is used to determine the area of impervious surface accounted for by rooftops, dependent on site 
density (1-20 DU/A). This area is the maximum amount of impervious surface that can be effectively 
managed with DRDs and comprises the reduction factor. Reduction factors for DRDs range from 0.08 to 
0.44 and are summarized in Table 1.  
 
Example: 
If a 20-acre residential site, 5 DU/A (23% rooftop impervious surface), includes the disconnection of all 
roof drains on 40% of houses with a setback of 12 feet (48% treatment) the Runoff Reduction measure 
would result in: 
 
(0.48)(0.40)(0.23)(20 acres) = 0.044(20 acres) = 0.88 acres of effectively managed area (Ac).  
 
Divided Sidewalks (DS) 
 
Divided Sidewalks (DS) function to drain water runoff from sidewalks onto a strip of grass located 
between the sidewalk and the street. Divided Sidewalks are essentially a variation on Disconnected 
Pavement (DP) and the credits application method for DP was adapted from the Urban Storm Drainage 
Criteria Manual Volume 3 – Best Management Practices for Denver (2005). The landscaping strips are 
usually as wide as the sidewalks themselves, so the sidewalks are considered entirely treated. Sidewalks 
account for approximately 6% of the total area of most residential developments, so if all units use 
divided sidewalks the development will treat 6% of total site runoff. If a development chooses to use 
divided sidewalks on some areas, connector streets for example, the amount of credits applied will be 
scaled by the percentage of units using the design. A designer chooses the percentage of units using the 
design, and the number is multiplied by 0.04 to get the total credits obtained. 
 
If a designer uses divided sidewalks on 30% of units in a 200 acre development, the credit allowed:  use 
multiplier * reduction factor * total acreage 
 
(0.30)(0.04)(200 acres) = 0.012(200 acres) =2.4 acres of effectively managed area (Ac).  
 

Interceptor Trees (IT) 
 
Interceptor trees can prevent and/or delay water from landing on an impervious surface. Much of the 
intercepted water runs down along the tree’s leaves and branches and evaporates, or runs down into the 
root system. Properly located trees can reduce the effective impervious fraction by diverting rain that 
would otherwise fall on streets and sidewalks. The City of Portland Stormwater Management Manual 
(2004) and City of San Jose policy apply 100 sq. ft of credit for a deciduous tree and 200 sq. feet for an 
evergreen tree. Research results published by Q. Xiao (1998, 2000(2), 2003) provides evidence that this 
credit system is appropriate for the central valley climate. The number of trees is multiplied by the credit 
to obtain an area reduced by interceptor trees. Credits may be applied for existing trees as defined in 
Interceptor Trees Fact Sheet. To calculate the credits allowed for existing interceptor trees, the designer 
must identify the square footage equal to one half of the existing tree canopy. The resulting area is 
considered the area effectively managed by the existing interceptor trees.  
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Alternative Driveway Design (ADD) 
 
Alternative driveways can be designed to incorporate a pervious or semi-pervious surface or to direct 
runoff into vegetation. Use of ADD as a Runoff Reduction measure has been recommended in guidance 
manuals such as Start at the Source (1999) and The Practice of Low Impact Development (2003.) The 
amount of runoff infiltrated on driveways depends on the type of porous pavement used (acceptable types 
of porous pavements are listed under the Porous Pavement Section), therefore efficiency factors vary from 
0.40 to 1.00 (see below Porous Pavement). For Hollywood driveways, which reduce pavement area but 
do not necessarily utilize alternative pavement types, the reduction of paved surface and the redirection of 
stormwater into the unpaved section results in an efficiency factor of 0.75.  
 
The designer must determine how many of the driveways are to be designed using the alternative method, 
as a percentage of total driveways. This determines the use multiplier for ADD. Reduction factor for 
ADD measures for all development densities are 0.04.as summarized in Table 1.  
 
Example: 
If 50% of the homes in a 100 acre residential site, 5 DU/A (4% driveway impervious surface), use 
Hollywood driveways, the Runoff Reduction measure would result in: 
 
(0.50)(0.04)(0.75)(100 acres) = 0.015(100 acres) = 1.5 acres of effectively managed area (Ac).  
 
Using the Effective Area Managed (Ac) in Calculating Treatment Requirement 
 
After each Runoff Reduction measure has been addressed on the subforms, Forms D-1a through D-1d, the 
Ac is totaled. This managed area is subtracted from the Area Requiring Treatment (AT) found in Step 1. 
The Adjusted Area Requiring Treatment (AAT) is also used to find an Adjusted Impervious Fraction (IA). 
 
After the AAT is calculated, the water quality flow and/or volume must be calculated for sizing treatment 
controls. Whether the designer needs to calculate flow-based treatment or volume-based treatment 
depends on the type of treatment planned.  
 
Treatment flow(WQF) is found using the standard flow equation,  
 

WQF = C i A 
 
where C is the rational runoff coefficient based on the DU/A (Table D-1b in Form D-1), i is the rainfall 
intensity (varies by region, see Table D-1c in Form D-1), and A is the adjusted area requiring treatment 
(AAT). This value is to be used when determining sizing criteria for structural treatment controls. 
 
Treatment Volume is found using either the CASQA method (Roseville):  
 

V = A x SV / 12 
 

where A = the total area of the drainage shed,  
SV = SV = the Unit Basin Storage Volume; use CA adjusted for credits earned (see 
Adjusted Runoff Coefficient, below). 
 



Stormwater Quality Design Manual for the Sacramento and South Placer Regions 
May 2007 Appendix D-4 Page 7 

Or the ASCE-WEF method (Sacramento): 
 
   WQV (ac-ft) = P0 * A / 12 
 

where A = the total area of the drainage shed,  
  P0 = maximized detention volume using the ASCE-WEF method. 
 
Please refer to chapter 6 and Appendix E for the selection of the treatment measures and design 
requirements. Then use form D-1f, Treatment – Volume Based (CASQA) for volume-based treatment 
controls within the City of Roseville, or form D-1g, Treatment – Volume Based, for treatment controls in 
areas outside of the City of Roseville. 
 
Adjusted Runoff Coefficient 
 
The Adjusted Impervious Fraction is converted to an Adjusted Runoff Coefficient, CA, using the empirical 
regression equation presented in the California Stormwater BMP Handbook (CASQA, 2003). 

C = 0.858 I3 – 0.78 I2 + 0.774 I + 0.04 
 
where, 

 C = runoff coefficient 
 I = impervious fraction 

 
The results of this equation for values of “I” between 0 and 1 are listed in Table D-1d, Form D-1.  
 

III. COMMERCIAL AND MULTI-FAMILY CREDITS CALCULATION 
 
Appendix D-2 in Manual 
 
The Commercial and Multifamily Runoff Reduction Worksheet, Appendix D-2, allows a designer to 
calculate a reduced treatment requirement based on the incorporation of various Runoff Reduction 
measures into their project. To use Appendix D-2, the designer must obtain an accurate estimate of the 
area, then estimate how much of that area will be ‘open space and parks’ as defined in the Manual. This 
includes all landscaping areas and areas left in a natural state. The open space acreage is subtracted from 
the total acreage to find the size of the area that will require treatment, AT. This area (AT) generally 
includes parking lots, rooftops, and driveways, which are assumed to be impervious. The designer then 
calculates the size of each area that will be affected by various Runoff Reduction techniques, and these 
areas become “effectively managed” under the system. The total Effective Area Managed (Ac) equals the 
amount of credit allowed for the incorporation of Runoff Reduction measures. 
 
Runoff Reduction measures for which credit can be obtained within commercial and multi-family 
development projects include porous pavement, disconnected roof drains, green roofs, disconnected 
pavement, and interceptor trees. All Runoff Reduction measures must be designed and installed in 
accordance with specifications and details provided in Fact Sheets included in the Manual. The basis for 
the credit allowed for each of the Runoff Reduction measures has been detailed below. 
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Porous Pavement (PP) 
 
The amount of credit applied for the use of porous pavement varies depending on the pavement type. The 
effective impervious fraction of these different types of porous pavement has been studied and reported in 
Urban Storm Drainage Criteria Manual Volume 3 – Best Management Practices for Denver (2005). This 
source was used to determine the impervious fraction of the following porous pavement types. Modular 
Block Pavement is concrete blocks with open voids occupying at least 20% of total surface area. The 
voids are filled with gravel and then filled in with sand. These surfaces have an effective impervious 
fraction of 25%, thus the efficiency multiplier is 0.75. Cobblestone Block Pavement consists of concrete 
blocks that look like cobblestone and create open voids between the blocks. These create an effective 
impervious fraction of 60%, and have an efficiency multiplier of 0.40. Reinforced Grass Pavement is a 
stabilized grass surface that infiltrates rainwater well. Because of this, it is given an efficiency multiplier 
of 1.00. Pervious Pavement is a concrete/asphalt that does not contain the normal fine sand and has 15-
20% of its volume as void space. These are found to have an impervious fraction of 40%, and thus an 
efficiency multiplier of 0.60. Porous Gravel Pavement is a loose gravel paving and has an effective 
impervious fraction of 25%, and an efficiency multiplier of 0.75. The efficiency multipliers are listed in 
Table D-2a of Appendix D-2. For all pavement types, the efficiency multiplier is multiplied by the area of 
land utilizing the porous pavement type to determine total credits applied. 
 
If Modular Block Pavement, which has an efficiency multiplier of 0.75, was used on 5,000 sq. ft of 
parking lot, the Ac would be: 
 
5,000*0.75 = 3,750 square feet. 
 

Disconnected Pavement (DP) 
 
Disconnected Pavement is pavement designed to allow stormwater to sheet flow over vegetated areas or 
porous pavement prior to entry into a storm drain system. The efficiency of this method depends on both 
the impervious fraction of the receiving porous surface, as well as the ratio of contributing area to 
receiving area. These two factors taken together allow for the calculation of an effective impervious 
fraction for the not directly connected surface. These values are derived from Figure PP-1 of the Urban 
Storm Drainage Criteria Manual Volume 3 – Best Management Practices for Denver (2005). The 
designer begins by selecting the type of surface (landscaping or one of the porous pavements) that the 
disconnected pavement will run onto. If the pavement will be draining onto landscaping the entire 
pavement area is effectively treated, providing that the area draining onto the landscaping is not more 
than twice the area of landscaping. 
 
If the pavement will be draining onto a porous pavement, first the ratio of contributing pavement to 
receiving pavement is calculated, then based on the resulting ratio, a multiplier is determined, as listed in 
Table 3. Porous pavement for which credit is obtained under Appendix D-2, Step 2, Porous Pavement 
Option, cannot be included in Disconnected Pavement calculations. 
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Table 3 – Multipliers Based on Ratio of Contributing Pavement to Receiving Pavement 
 

Ratio of Contributing Pavement to Receiving Pavement Multiplier 
< 0.5 1.00 

>0.5 and <1.0 0.83 
>1.0 and <1.5 0.71 
>1.5 and <2.0 0.55 

 
The efficiency multiplier for the selected porous pavement is selected from Table D-2a in Appendix D-2. 
The formula for calculating the Ac is as follows: 
 (area of receiving pavement)(efficiency multiplier)  
+ (area of contributing pavement)(ratio multiplier)(efficiency multiplier) = Ac 

 

Disconnected Roof Drains (DRD) 
 
Disconnected roof drains (DRDs) can achieve the functional equivalent of reducing a large amount of 
imperviousness by directing rooftop runoff to a pervious surface, dispersal trench, or dry well. Use of 
DRDs as a Runoff Reduction measure has been recommended in guidance manuals such as Start at the 
Source (1999) and The Practice of Low Impact Development (2003.) If the roof drainage is connected to a 
dispersal trench or a dry well that have been designed according to specifications provided in the fact 
sheet, then 100% of the impervious surface attributed to rooftop is considered treated for that unit, thus 
the efficiency multiplier is 1.00. Design standards for the dispersal trench and dry well are adapted from 
High Point Community Site Drainage Technical Standards (2004) and Virginia Stormwater Management 
Program Handbook (1999).  
 
If the runoff, via the roof drain, is directed across the surface of the landscaping, then the amount of 
runoff that will be treated is dependent on the amount of vegetation the water will flow through before 
entering the storm drain system. In order to receive credits for DRDs on a commercial site, the runoff 
must be conveyed across a minimum length of landscaping or conveyance furrow. This minimum value is 
different for different rooftop sizes. The minimum values are calculated using a filter strip calculation 
which is a variation of manning’s equation to solve for hydraulic residence time. The manning’s equation 
used is the equation described in Filter Strip Worksheet 2005 Surface Water Design Manual Sizing 
Method published in the King County Surface Water Design Manual published by King County Water 
and Land Resources Division. 
 

6.0
49.1

⎟
⎟
⎠

⎞
⎜
⎜
⎝

⎛
=

nQ
sW

W
QtL  

Where, 
 
L = filter strip length (feet) 
t = hydraulic residence time (seconds) 
Q = design flow (cfs) 
W = filter strip width (feet) 
n = Manning’s roughness coefficient 
s = longitudinal slope along path 
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AiCQ =  
 
Where, 
 
Q = design flow (cfs) 
C = Rational Runoff coefficient 
i = rainfall intensity (in/hr) 
A = Area (acres) 
The equation is solved for hydraulic residence time, using various setback lengths and the 
following assumptions. The setback lengths are that which will provide a 7 minute hydraulic 
residence time. 
 
Commercial Disconnected Roof Drain Assumptions: 
W = 8 feet (recommended by local hydrologist as typical average) 
s = 0.01 
n = 0.3 (commercial planter strip, will contain some bushes and larger plants) 
Rooftop C = 0.9 (rational C) (corresponds to 100% imperviousness) 
T = 7 minutes (standard residence time for treatment) 
This results in the following setback/travel distance values for commercial sites. 
 
Table 4- Minimum Travel Distance for Disconnected Roof Drains in  

 Commercial/Multi-family Development Projects 
 

Area (maximum roof size) Length (min travel distance) Depth of flow 
3,500 sq ft 21 feet 0.4 in 
5,000 sq ft 24 feet 0.5 in 
7,500 sq ft 28 feet 0.6 in 
10,000 sq ft 32 feet 0.7 in 

 

Interceptor Trees (IT) 
 
Interceptor trees can prevent and/or delay water from landing on an impervious surface. Much of the 
intercepted water runs down along the tree’s leaves and branches and evaporates, or runs down into the 
root system. Properly located trees can reduce the effective impervious fraction by diverting rain that 
would otherwise fall on streets and sidewalks. The City of Portland Stormwater Management Manual 
(2004) and City of San Jose policy apply 100 sq. ft of credit for a deciduous tree and 200 sq. feet for an 
evergreen tree. Research results published by Q. Xiao (1998, 2000(2), 2003) provides evidence that this 
credit system is appropriate. The number of trees is multiplied by the credit to obtain an area reduced by 
interceptor trees. Credits may be applied for existing trees as defined in Interceptor Trees Fact Sheet. To 
calculate the credits allowed for existing interceptor trees, the designer must identify the square footage 
equal to one half of the tree canopy. The resulting area is considered the area effectively managed by the 
existing interceptor trees.  
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Using the Effective Area Managed in Calculating Treatment Requirement 
 
After each Runoff Reduction measure has been addressed on the subforms, forms D-2a and D-2b, the Ac 
is totaled. This managed area is subtracted from the Area Requiring Treatment (AT) found in Step 1. The 
Adjusted Area Requiring Treatment (AAT) is also used to find an Adjusted Impervious Fraction (IA). 
 
After the AT, AAT, and IA have been calculated, the water quality flow and/or volume must be calculated 
for sizing treatment controls. Whether the designer needs to calculate flow-based treatment or volume-
based treatment depends on the type of treatment planned. 
 
Treatment flow (WQF) is found using the standard flow equation,  
 

WQF = C i A 
 
where C is the rational runoff coefficient for AAT (assumed to be 0.95), i is the rainfall intensity, and A is 
the adjusted area requiring treatment (AAT). This value is to be used when determining sizing criteria for 
structural treatment controls. 
 
Treatment Volume (WQV) is found using either the CASQA method (Roseville):  
 

V = A x SV / 12 
 

where A = the total area of the drainage shed,  
SV = SV = the Unit Basin Storage Volume; use CA adjusted for credits earned (see 
Adjusted Runoff Coefficient, below). 
 

Or the ASCE-WEF method (Sacramento): 
 
   WQV (ac-ft) = P0 * A / 12 
 

where A = the total area of the drainage shed,  
  P0 = maximized detention volume using the ASCE-WEF method. 
 
Please refer to chapter 6 and Appendix E for the selection of the treatment measures and design 
requirements. Then use form D-1f, Treatment – Volume Based (CASQA) for volume-based treatment 
controls within the City of Roseville, or form D-1g, Treatment – Volume Based, for treatment controls in 
areas outside of the City of Roseville. 
 
Adjusted Runoff Coefficient 
 
The Adjusted Impervious Fraction is converted to an Adjusted Runoff Coefficient, CA, using the empirical 
regression equation presented in the California Stormwater BMP Handbook (CASQA, 2003). 

C = 0.858 I3 – 0.78 I2 + 0.774 I + 0.04 
 
where, 

 C = runoff coefficient 
 I = impervious fraction 

 
The results of this equation for values of “I” between 0 and 1 are listed in Table D-2d of Appendix D-2.  
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Appendix E 
 

Design Requirements for Stormwater Quality Treatment Control Measures 
(Volume and Flow-Based Measures) 

 
 
The Sacramento Areawide and City of Roseville NPDES Municipal Stormwater Permits contain 
provisions that require the local municipal agencies to establish and enforce stormwater quality 
treatment standards for many new and redevelopment projects.  This appendix presents the 
minimum standards for sizing the treatment control measures.   
 
General Methodology  
 
Follow these steps: 

• Refer to Table 3-2 in this Design Manual to determine if your project requires treatment 
control measures.   

• Once you have made that determination, use the fact sheets in Chapter 6 to identify the 
type of control measures most appropriate for your project site and whether or not those 
measures are volume or flow-based.   

• (Optional) Use Chapter 5 and the runoff reduction worksheets in Appendix D to select 
runoff reduction measures for your project which will reduce the runoff discharged; this 
may result in reduced treatment needs (and associated costs) for your project. 

• Use the rest of the information in this appendix to size the treatment control facilities for 
your project. 

 
The local Sacramento agencies have developed a presumptive approach, whereby, if project 
applicants follow the methodology presented herein, it is presumed that the project is reducing 
stormwater pollution in runoff to the “maximum extent practicable” NPDES municipal permit 
standard.  A key principle here is that treatment control measures are most efficient and 
economical when they target small, frequent storm events that over time produce more total 
runoff than the larger, infrequent storms conventionally targeted for design of flood control 
facilities.  Further, studies in other areas of the country have shown that much of the pollutant 
load is contained in the “first flush” of rainfall during a storm event, typically the first 0.5-inches.  
Targeting design storms larger than this may result in some improvements in pollutant removal 
effectiveness, but at considerable cost. 
 
It is important to note that arbitrarily targeting large, infrequent storm events can actually reduce 
the pollutant removal capabilities of some treatment control measures.  This occurs when outlet 
structures, detention times, and drain down times are designed to accommodate unusually large 
volumes and high flows.  When over-designed in this way, the more frequent, small storms that 
produce the most annual runoff and a large part of the pollutant load pass quickly through the 
over-sized facility and therefore receive inadequate treatment.  (CASQA, 2003). 
 
Sizing Flow-Based Treatment Control Measures 
 
Use this method for sizing flow-based control measures (e.g., vegetated swales) in both 
Sacramento County and the City of Roseville.   
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Flow-based control measure design standards apply to control measures whose primary mode of 
pollutant removal depends on the rate of flow of runoff through the facility or device. Examples 
of control measures in this category include swales, sand filters, diversion structures for off-line 
control measures, and many proprietary products. Typically, flow-based design criteria calls for 
the capture and infiltration or treatment of the flow runoff produced by rain events of a specified 
magnitude. For the local area, the intensity of such a storm event is 0.20 inches/hour for the 
Cities of Folsom and Roseville and 0.18 inches/hour for other cities in Sacramento County and 
unincorporated Sacramento County. 
 
This method satisfies the provisions of the Sacramento Areawide and City of Roseville NPDES 
Municipal Stormwater Permits, which requires that flow-based measures be designed for at least 
the maximum (peak) flow rate of runoff produced by the 85th percentile hourly precipitation 
intensity multiplied by a factor of two, referred to here as the flow-based 85th percentile method.  
(CDM, 2003).  This criterion is the same as the one prescribed by the 2003 California BMP 
Handbook.  From Appendix D of that handbook, the 85th percentile hourly precipitation intensity 
for the Sacramento gage is approximately 0.09 inches/hour.  Multiplying by two, the required 
intensity is at least 0.18 inches/hour. The factor of two specified for this method by the municipal 
stormwater permits appears to be provided as a factor of safety: therefore, caution should be 
exercised when applying additional factors of safety during the design process so that over 
design can be avoided. (CASQA, 2003). 
 
The flow-based BMP design criteria should be used in conjunction with the Rational Formula, a 
simplified, easy to apply formula that predicts flow rates based on rainfall intensity and drainage 
area characteristics. The Rational Formula is as follows: 
 

WQF (cfs) = C i A 
where 

WQF = flow in ft3/s 
 i = rain intensity in inches/hr 
A = drainage area in acres 
C = rational runoff coefficient 

 
The Rational Formula is widely used for hydrologic calculations, but it does have a number of 
limitations. For stormwater treatment control measure design, a key limitation is the ability of the 
Rational Formula to predict runoff from undeveloped areas where runoff coefficients are highly 
variable with storm intensity and antecedent moisture conditions. This limitation is accentuated 
when predicting runoff from frequent, small storms used in stormwater quality treatment design 
because many of the runoff coefficients in common use were developed for predicting runoff for 
drainage design where larger, infrequent storms are of interest. Table 5-3 in the California BMP 
Handbook (May 2003) provides some general guidelines on use of the Rational Equation.  In 
summary, the Rational Formula, when used with commonly tabulated runoff coefficients in 
undeveloped drainage areas, will likely result in predictions higher than will be experienced 
under actual field conditions. However, given the simplicity of the equation, its use remains 
practical and it is therefore the preferred method recommended by the local permitting agencies.   
 
The following steps describe the approach for application of the flow-based design criteria.  For 
simplicity, the worksheets presented in Appendix D (see Step 3 of Appendix D-1 and D-2) 
already incorporate these steps.   
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1. Identify and delineate the drainage shed that drains to the proposed control measure. This 

includes all areas that will contribute runoff to the proposed control measure, including 
pervious areas, impervious areas, and off-site areas, whether or not they are directly or 
indirectly connected to the control measure. 

 
2. Select design rainfall intensity for the project area:   

0.20 inches/hour – projects in the Cities of Folsom and Roseville  
0.18 inches/hour – projects located in other cities in Sacramento County and 
unincorporated Sacramento County 

 
3. Calculate the composite runoff coefficient “C” for the drainage shed identified inStep 1 

using table E-1.  For contributing areas with multiple coefficients, use the weighted 
coefficient for the contributing area.  

 
Table E-1: Runoff coefficients for the Rational Formula: 
 

Type of Drainage Area   Runoff Coefficient, C 
Business: 
Downtown areas 
Neighborhood areas 

 
0.95 
0.70 

Residential: 
Single-family areas 
Multi-units, detached 
Multi-units, attached 
Apartment dwelling areas 

 
0.50 
0.60 
0.75 
0.70 

Industrial: 
Light areas 
Heavy areas 

 
0.80 
0.90 

Parks, cemeteries 0.25 
Playgrounds 0.40 
Railroad yard areas  0.40 
Unimproved area  0.30 
Lawns: 
Sandy soil, flat, 2%  
Sandy soil, average, 2 – 7% 
Sandy soil, steep, 7% 
Heavy soil, flat, 2% 
Heavy soil, average 2 – 7% 
Heavy soil, steep, 7% 

 
0.10 
0.15 
0.20 
0.17 
0.22 
0.35 

Streets: 
Asphaltic 
Concrete 
Brick 

 
0.95 
0.95 
0.85 

Drives and Walks 0.85 
Roofs 0.95 
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4. Apply the Rational Formula to calculate the water quality design flow (WQF):   
 
WQF = C i A  
 

Sizing Volume-Based Treatment Control Measures 
 
Volume-based design standards apply to control measures whose primary mode of pollutant 
removal depends on the volumetric capacity of the facility. Examples of control measures in this 
category include water quality detention basins, constructed wetlands, stormwater planters, and 
infiltration basins/trenches.   Volume-based design criteria calls for the capture and infiltration or 
treatment of a certain percentage of the runoff from the project site, usually in the range of the 
75th to 85th percentile average annual runoff volume.  
 
The agencies in Sacramento County require use of the Urban Runoff Quality Management 
method (also for sizing volume-based control measures, while the City of Roseville requires use 
of the CASQA method, as described below.  These methods are two of the three alternative 
design approaches allowed by the NPDES municipal stormwater permits. 
 
Sacramento County Volume-Based Design Method 
 
For projects in Sacramento County, volume-based control measures shall be designed to capture 
and treat the maximized stormwater quality capture volume for the area, based on historical 
rainfall records, determined using the formula and volume capture coefficients set forth in Urban 
Runoff Quality Management (WEF Manual of Practice No. 23/ASCE Manual of Practice No. 87, 
(1998), pages 175-178).  The Urban Runoff Quality Management approach (also known as 
WEF/ASCE approach) is based on the translation of rainfall to runoff using two regression 
equations. The first regression equation relates rainfall to runoff. The rainfall to runoff regression 
equation was developed using 2 years of data from more than 60 urban watersheds nationwide. 
The second regression equation relates mean annual runoff-producing rainfall depths to the 
“Maximized Water Quality Capture Volume” which corresponds to the “knee of the cumulative 
probability curve”. This second regression was based on analysis of long-term rainfall data from 
seven rain gages representing climatic zones across the country. The Maximized Water Quality 
Capture Volume corresponds to approximately the 85th percentile runoff event, and ranges from 
82 to 88%. 
 
The two regression equations that form the Urban Runoff Quality Management approach are as 
follows: 
 

C = 0.858 I3 – 0.78 I2 + 0.774 I + 0.04 
 
P0 = (a • C) • P6 
Where 
C = runoff coefficient; 
I = watershed imperviousness ratio which is equal to the percent total imperviousness 
divided by 100; 
P0 = Maximized Detention Volume, in watershed inches; 
a = regression constant, a= 1.312 for 12 hrs, a=1.582 for 24 hrs, and a=1.963 for 48-hour 
draw down time. 
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P6 = mean annual runoff-producing rainfall depths, in watershed inches. 
 
The following steps describe the use of the approach. For simplicity, the worksheets presented in 
Appendix D (see Step 3 of Appendix D-1 and D-2) already incorporate these steps.   
 

1. Identify the drainage shed (A in acres) that drains to the proposed control measure. This 
includes all areas that will contribute runoff to the proposed facility, including pervious 
areas, impervious areas (such as roofs, roads, parking lots, etc), and off-site areas, 
whether or not they are directly or indirectly connected to the control measure.  

 
2. Determine the “Maximized Detention Volume” (P0) in inches for the drainage shed. 

Please refer to the attached figures (figure E-1 though figure E-4). 
 

3. Calculate the required water quality volume of the control measure by multiplying the 
drainage shed area from Step 1 by the “Maximized Detention Volume” from Step 2.   

  WQV (ac-ft) = P0 • A / 12 
 
City of Roseville Volume-Based Design Method 
 
For projects in the City of Roseville, volume-based control measures shall be designed to capture 
and treat stormwater runoff equal to eighty (80) percent of the volume of annual runoff, 
determined in accordance with the methodology set forth in the California BMP Handbook, 
using local rainfall data.  Also referred to as the “CASQA approach”, the approach is simple to 
apply, and relies largely on commonly available information about a project.  
 
The following steps describe the use of the sizing curves contained in the California BMP 
Handbook. For simplicity, the worksheets presented in Appendix D (see Step 3 of Appendix D-1 
and D-2) already incorporate these steps.   
 

1. Identify the drainage shed that drains to the proposed control measure. This includes all 
areas that will contribute runoff to the proposed facility, including pervious areas, 
impervious areas, and off-site areas, whether or not they are directly or indirectly 
connected to the control measure. 

 
2. Calculate the composite runoff coefficient “C” for the area identified in Step 1. 

 
3. Select a capture curve representative of the site and the desired drain down time using 

Appendix D of the California BMP Handbook (not to be confused with Appendix D in 
this Sacramento/Placer Design Manual). Curves are presented for 24-hour and 48-hour 
draw down times. The 48-hour curve should be used in most areas of California. Use of 
the 24-hour curve should be limited to drainage areas with coarse soils that readily settle 
and to watersheds where warming may be detrimental to downstream fisheries. Draw 
down times in excess of 48 hours should be used with caution, as vector breeding can be 
a problem after water has stood in excess of 72 hours. 

 
4. Determine the applicable requirement for capture of runoff (Capture, % of Runoff). 
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5. Enter the capture curve selected in Step 3 on the vertical axis at the “Capture, % Runoff” 
value identified in Step 4. Move horizontally to the right across capture curve until the 
curve corresponding to the drainage area’s composite runoff coefficient “C” determined 
in Step 2 is intercepted. Interpolation between curves may be necessary. Move vertically 
down from this point until the horizontal axis is intercepted. Read the “Unit Basin 
Storage Volume” along the horizontal axis. If a local requirement for capture of runoff is 
not specified, enter the vertical axis at the “knee of the curve” for the curve representing 
composite runoff coefficient “C.” The “knee of the curve” is typically in the range of 75 
to 85% capture. 

 
6. Calculate the required capture volume of the control measure by multiplying the drainage 

shed from Step 1 by the “Unit Basin Storage Volume” from Step 5 to give the design 
volume. Due to the mixed units that result (e.g., ac-in., ac-ft) it is recommended that the 
resulting volume be converted to cubic feet for use during design. 
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Appendix F 
 

Example Design Calculations 
 
 

Vegetated Swale 
Water Quality Detention Basin 

Stormwater Planter 



Subject:  VEGETATED SWALE EXAMPLE 
 

 
 
 
Site:  8 Acre Professional/Commercial Development 
 
PART  I: 
 
(Used Table VS- 3 - The Design data Summary Sheet for Vegetated Swale for necessary calculations 
for Swale #1) 
  

1. Design Flow: WQF = CiA     WQF   =  0.486 cfs 
a. i  = Rainfall Intensity = 0.18 in/hr      i =  0.18 in/hr  
b. C = Runoff Coefficient      C  =  0.9 
c. A = Tributary area for Swale #1     A =  3 acres 

 
2. Swale Geometry 

a. Swale Bottom Width (b)       b =  5 ft 
b. Side Slope (Z)         Z =  3  

                              SWALE #2                             SWALE #1 

P 
L 
A 
N 
T 
E 
R 
#3 

  P 
  L 
  A 
  N 
  T 
  E 
  R 
 #4 

Key 
Inlet 
Outlet 
Pipe 
Sheet flow



 
 

3.   Depth of flow (d) at WQF (3” – 5” with Manning’s n = 0.20) d =  ‘y1’  ft. 
(Description on how to calculate d is explained below) 
 
 
A = by + Zy2        (eqn 1) 

R = A/P = [ ( by + Zy2 ) /  (b + 2y√ (1 + Z2 ))]    (eqn 2) 
Q = (1.49/n) (by + Zy2 ) [ ( by + Zy2 ) /  (b + 2y√ (1 + Z2 ))]2/3 (s) 1/2  (eqn 3) 

 
Using Eqn. 3: 
 
0.486 = (1.49/.2) (5y + 3y2 ) [(5y + 3y2) / (5 + 2y√10)] 2/3  (.01) 1/2                         
 

Trial & Error 
Y 
.35 => 7.45(2.1175)(.44169)(.1)  = .696  

.29 => 7.45(1.7023)(.3959)(.1)  = .502  

.28 => 7.45(1.6352)(.3878)(.1)  = .472  

.282 => 7.45(1.64857)(.38945)(.1)  = .478 
 
.285 ft. => 7.45(1.668675)(.39186)(.1)  =  .487 cfs 

 

       y1 = Depth of WQF = 0.285 ft. 
 

 

4.   Design Slope 
 a.   s = 1% minimum without underdrains; 4% maximum s = 1% 
  without grade controls 

 
5. Design Flow Velocity (Manning’s n = 0.20)   V = 0.29 ft/sec 
 
Velocity = Q/A = (using eqn. 3&1) = 0.486cfs / 1.67ft. = 0.29 ft/sec. 
 
6. Contact time (tc = 7 minutes minimum)     tc = 7 minutes 
 

 
7. Design Length 

L = (tc) x (flow velocity) x 60 
 
L = 7min x  (.291ft/sec) x 60 = 122.22 ft    L = 122.32 ft 

 
 
 
 
 



 
 
PART  II: 
 
Routing Excess Runoff through a Vegetative Swale 
(Use peak hydraulic flows on the site.) 

 
Q = Peak hydraulic flow rate  

 
(For Sacramento area projects, use Figure 2-5 Design Runoff Nolte Method from Section 9 of County 
of Sacramento Municipal Services Agency Improvement Standards October 1, 2006 to find Q.) 

 
Q = 1.5 cfs (Swale #1 treating a 3 acre site)   
 
To determine the capacity of the swale to convey peak hydraulic flows, use a roughness 
coefficient (n) of 0.10 with Manning’s Equation. 
 

      Q = (1.49/n) (by + Zy2 ) [ ( by + Zy2 ) /  (b + 2y√ (1 + Z2 ))]2/3 (s) 1/2  (eqn 3) 
 
      1.5 = (1.49/.1) (5y + 3y2 ) [(5y + 3y2) / (5 + 2y√10)] 2/3  (.01) ½ 

 

 (Using the solver function: y2 = .365 ft.) 
  

y2 = Depth of peak drainage flow = 0.365 ft. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



Design Example – Sizing of Water Quality Combination Basin in Sacramento County 

Watershed and Basin Data 

Watershed Area = 210 acres 

Watershed Imperviousness = 39% 

Basin Type = Combination Water Quality Basin also used for Flood Control 

1. Calculate the Water Quality Storage Volume (WQV) 

For a Water Quality Detention Basin, the WQV is calculated from the methodology in 
Appendix E using a 48-hour drawdown time.  

• From Figure E-3 the unit storage is determined to be 0.29 inches 

• WQV = 0.29 (in) x 210 (acre) ÷ 12 = 5.1 acre-feet 

• Permanent Pool Volume = 0.625 x WQV = 3.2 acre-feet 

• Wet Weather Pool Volume = 0.500 x WQV = 2.5 acre-feet 

2. Size the Sediment Forebay 

The sediment forebay size should be 5 to 10 percent of the maximum total design volume. 

• Minimum Sediment Forebay Volume = (3.2 + 2.5) x 0.05 = 0.29 acre-feet minimum 

3. Design the Basin 

Detention basin layouts will vary significantly based on site specific conditions. For this 
example, it is assumed that the permanent pool will have an average depth of 4 feet and a 
length to width ratio of 3 to 1. Based on these requirements, the bottom dimensions of the 
basin will be 300’ x 100’ (L x W) and the side slopes will be 3 to 1. The hypothetical basin 
will have the following elevation storage relationship. 

Elev. (ft) Depth (ft) Area (ac) Storage (ac-ft) Notes 
100.0 0.0 0.7 0.0  
101.0 1.0 0.7 0.7  
102.0 2.0 0.8 1.5  
103.0 3.0 0.9 2.3  
104.0 4.0 0.9 3.2 Permanent Pool Elevation 
105.0 5.0 1.0 4.2  
106.0 6.0 1.0 5.2  
106.5 6.5 1.1 5.7 Wet Weather Pool Elevation 
107.0 7.0 2.7 6.7  



 

4. Design the Outlet 

The outlet should be sized to release the 75 percent of the wet weather pool volume in a 
minimum of 24 hours and release the remaining volume over an additional 16 to 24 hours. For 
this example the outlet is assumed to be a stand pipe with the top of the pipe at the wet 
weather pool elevation and a single orifice placed just above the permanent pool elevation. 
The orifice can be sized using the orifice equation and a simple spreadsheet calculation such 
as the one shown on Exhibit 1. As shown on Exhibit 1, an orifice with an area of 23.8 square 
inches will produce the desired drain time. The size of the stand pipe is based on the capacity 
required to pass the appropriate design storms. 

5. Flood Control Design 

Water quality basins can often be used to provide flood control benefits. The storage volume 
above the water quality pool can act to reduce peak flood flows downstream of the basin. The 
required storage volume and storm outlet size are typically determined by routing flood 
hydrographs through the detention basin using a computer program such as SacCalc, HEC-1, 
HEC-RAS, or other equivalent program. For this example, it is assumed that flood routing 
was performed and 6.8 acre-feet of storage is required to attenuate flood flows to the desired 
downstream level. To meet this storage requirement, the basin is widened to create a flood 
control bench just above the maximum water quality pool as shown in the following cross 
section. 

 

 

 

100’

200’

Permanent Pool (3.2 ac-ft) 

Wet Weather Pool 
(2.5 ac-ft) 

Flood Control Pool 
(6.8 ac-ft) 

Elev. 104’

Elev. 106.5’

Elev. 109’
Bank Elev. 110’ 



The resulting storage elevation-storage relationship including the flood control pool is shown 
below. 

 

Elev (ft) Depth Area (ac) 
Total Storage 

Volume (ac-ft) Notes 
100.0 0.0 0.7 0.0  
101.0 1.0 0.7 0.7  
102.0 2.0 0.8 1.5  
103.0 3.0 0.9 2.3  
104.0 4.0 0.9 3.2 Permanent Pool Elevation 
105.0 5.0 1.0 4.2  
106.0 6.0 1.0 5.2  
106.5 6.5 1.1 5.7 Wet Weather Pool Elevation 
106.6 6.6 2.65 5.9  
107.0 7.0 2.69 7.0  
108.0 8.0 2.78 9.7  
109.0 9.0 2.88 12.5 Flood Control Pool Elevation 
110.0 10.0 2.98 15.5  

 



Exhibit 1 

Water Quality Orifice Outlet Sizing 
Orifice Data 

Orifice Size = 23.8 square inches 
Orifice Coefficient = 0.61 
Orifice Elevation = 104.0 

Time (hr) Volume Elev. Outflow (cfs) 
0.00 5.72 106.4 1.26 
1.00 5.62 106.4 1.24 
2.00 5.51 106.3 1.22 
3.00 5.41 106.2 1.20 
4.00 5.31 106.1 1.18 
5.00 5.22 106.0 1.15 
6.00 5.12 106.0 1.13 
7.00 5.03 105.9 1.11 
8.00 4.94 105.8 1.08 
9.00 4.85 105.7 1.06 

10.00 4.76 105.6 1.04 
11.00 4.67 105.6 1.01 
12.00 4.59 105.5 0.99 
13.00 4.51 105.4 0.96 
14.00 4.43 105.3 0.94 
15.00 4.35 105.3 0.91 
16.00 4.28 105.2 0.88 
17.00 4.20 105.1 0.86 
18.00 4.13 105.1 0.83 
19.00 4.06 105.0 0.80 
20.00 4.00 104.9 0.77 
21.00 3.93 104.9 0.75 
22.00 3.87 104.8 0.72 
23.00 3.81 104.7 0.69 
24.00 3.75 104.7 0.66 
25.00 3.70 104.6 0.63 
26.00 3.65 104.6 0.60 
27.00 3.60 104.5 0.57 
28.00 3.55 104.5 0.54 
29.00 3.51 104.4 0.51 
30.00 3.46 104.4 0.48 
31.00 3.42 104.3 0.45 
32.00 3.39 104.3 0.42 
33.00 3.35 104.2 0.39 
34.00 3.32 104.2 0.36 
35.00 3.29 104.2 0.33 
36.00 3.26 104.1 0.29 
37.00 3.24 104.1 0.26 
38.00 3.22 104.1 0.23 
39.00 3.20 104.1 0.20 
40.00 3.18 104.0 0.16 
41.00 3.17 104.0 0.13 
42.00 3.16 104.0 0.09 
43.00 3.15 104.0 0.05 
44.00 3.15 104.0 0.00 

 



Subject:  STORMWATER PLANTER EXAMPLE 
 

 
 
 
Site:  8 Acre Professional/Commercial Development 
 
PART  I: 
 
(Used Table SP-3 - The Stormwater Planter Design Criteria for the necessary calculations for Planter 
#3) 
  

1. Design Volume: WQV = P0*A/12     WQV   =  0.04 ac-ft 
a. I  = imperviousness (%)        I =   82%  
b. P0 = Detention Volume (inches)  
      using 12 hr drawdown curve Figure E-1    P0  =  .45 in 
c. A = Tributary area for Planter #3     A =  1 acre 

 
2. Design Average Surcharge Depth (ds) 

a. Surcharge Depth (ds) (0.5-1 foot)       ds =  1 ft 

                              SWALE #2                             SWALE #1 
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3. Calculate Planter Surface Area As=WQV/ ds   As=0.04 acres 
As=1634 ft2 

4. Design Base Course    
a. Bottom Gravel Layer: minimum 9 inches 
b. Sand/Peat layer:  minimum 18 inches 
c. Topsoil Layer: minimum 6 inches 

5. Planter Type 
a. Select type 

i. Infiltration without under drain 
ii. Infiltration with under drain 

iii. Flow through with impermeable liner 
6. Select Vegetation 
7. Design Overflow Device 

a. Select type 
i. Drop inlet 

ii. Standpipe 
iii. Other 
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APPENDIX G 
DESIGNING AND MAINTAINING STORMWATER QUALITY CONTROL MEASURES 

TO AVOID VECTOR PROBLEMS 
 
Public health and safety is a major component of all stormwater programs.  Accordingly, minimizing 
mosquitoes in structural stormwater treatment systems is essential to prevent disease transmission and 
maintain quality of life.  Basic mosquito management guidelines have been developed that are relevant to 
the location, design, and operation of proprietary and nonproprietary treatment systems; unfortunately, 
the rapid growth and evolution of stormwater programs and treatment system design combined with the 
tremendous number of local factors that may influence mosquito production at any given site preclude 
any “cure-all” recommendations or solutions.  

 
General Design and Maintenance Recommendations  
 
Managing mosquitoes successfully in stormwater treatment systems requires carefully thought out 
preventative design and maintenance plans.  The following list of actions represent general design and 
maintenance recommendations to minimize suitable mosquito breeding habitat and mosquito production 
from runoff treatment control measures covered in this stormwater quality design manual.  For more 
information please refer to Managing Mosquitoes in Stormwater Treatment Devices 
(http://anrcatalog.ucdavis.edu/pdf/8125.pdf). 

 
Vegetated Swales, Infiltration Trenches, Infiltration Basins  
• Trenches, basins and swales should be designed and maintained so that runoff is capable of 

completely passing through the structure within three days after introduction, especially during the 
peak mosquito breeding months of April through October. 

• The bottom of the trenches, basins and swales must be free of depressions i.e. tire ruts in order 
to limit standing water within the structure. 

• Vegetation management should be performed annually to remove excessive vegetation within the 
structure. 

• Grass clippings and other debris should be removed from trenches, basins and swales on a 
regular basis.   

 
Detention Basins 
• Basins should be adequately sloped to allow positive drainage from inlet to outlet if the basin is 

required to be drained. 
• Shallow water should never be interfaced with emergent vegetation. 
• Water depths should be > 4 feet to discourage emergent vegetation. 
• Side slopes of 3:1 are recommended for any permanent or semi-permanent ponds. 
• All aquatic and periphery vegetation should be completely or significantly reduced on a yearly 

basis. 
• Levees and other water structures should be constructed and maintained to prevent seepage or 

flooding into adjacent lowland areas. 
• Allow access for continual larval and adult mosquito surveillance. 
• Outlets should be regularly cleaned of debris. 
• Avoid the combination of low dissolved oxygen levels and high organic content.  Immature 

mosquito species thrive in low oxygen and high organic content. 
 

Constructed Wetland Basins 
• Each wetland cell should have an independent inlet and outlet water structure allowing for the 

wetland to be rapidly drained during situations of severe mosquito production. 
• Wetland cells should not be constructed greater then 40 feet in width. 
• Shallow areas of < 1 foot should be kept to a minimum; pond depths of > 4 feet are encouraged. 
• Embankments with slopes 4:1 or steeper are recommended.  
• Levees, drain ditches and other water structures should be constructed and maintained to 

prevent seepage or flooding into adjacent lowland areas. 
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• Bottom slopes of 0.01 to 0.05% are recommended so wetland can be de-watered for vegetation 
or mosquito management. 

• Shallow water areas (< 1 foot), interfaced with emergent vegetation should not hold water for 
more then 3 days during the summer months. 

• Limit dense stands of aquatic vegetation along shore margins and shallow areas. 
• The wetland in its entirety should consist of at least 50% open water. 
• Avoid stocking game fish that will reduce the population density of mosquitofish. 
• Provide road access around entire wetland for mosquito control and surveillance. 
• Avoid water quality associated with high organic content and low oxygen levels. 

 
Stormwater Drainage Channels 

• Water conveyance systems should be constructed and graded sufficiently to allow for a  
continuous flow of water.        

• Drains should be cleaned yearly of emergent vegetation and other debris to prevent water 
blockage and mosquito breeding habitat. 

• Drains should be designed with sufficiently sloped sides to allow adequate drainage without            
standing water. 

• Drains should be maintained to prevent flooding to adjacent lowland areas. 
 

Below-Ground Systems 
• Stormwater systems that incorporate permanent water sumps, vaults, or basins should be made 

to deny mosquito access (e.g., tight-fitting covers).  Any gaps or holes should not be greater then 
1/16th of an inch. 

• Design devices for easy access for inspection and without the need for confined-space-entry. 
 
 
Involving Vector Control District in Planning and Design  

 
It is strongly encouraged that municipalities refer projects with stormwater devices designed to hold water 
for longer than 72 hours (April-October) or longer than 14 days (November through March) to the 
appropriate Vector Control District for review.  Early involvement by the District should alleviate potential 
regulatory issues in the future. 
 
Maintenance Responsibility 
 
Property owners, either public or private, retain the responsibility of ensuring that stormwater devices do 
not breed mosquitoes regardless if design, construction or maintenance of stormwater devices follow 
guidelines from any agency.  Sacramento-Yolo Mosquito & Vector Control District, through the California 
Health and Safety Code, has the authority to impose civil penalties of up to $1,000 per day on public 
health nuisances in the form of mosquito breeding sites. 
 
Resources should be available to readily address maintenance issues relating to mosquito breeding 
activity within specific stormwater devices.  It is essential that specific maintenance responsibilities are 
delineated early in the device planning process. 
 
Resources 
 
Metzger, Marco E., California Dept. of Health Services, Managing Mosquitoes in Stormwater Treatment 
Devices. University of California, Division of Agriculture and Natural Resources. ANR Publication 8125. 
January 2004. 11 pp.  (http://anrcatalog.ucdavis.edu/pdf/8125.pdf). 
 
Placer Mosquito Abatement District and California Dept. of Health Services, Guidelines and Standards for 
Vector Prevention in Proposed Developments, Draft, June 13, 2006.  Obtain a copy from:  
charlied@placermosquito.org. 
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Contra Costa Clean Water Program, Vector Control Plan, June 1, 2004.  18 pp.  
(http://www.cccleanwater.org/construction/Publications/CCCWP%20Vector%20Control%20Plan%20Final.
pdf). 
 
Contact for More Information 
 
Projects in Sacramento and Yolo Counties 
Sacramento-Yolo Mosquito & Vector Control District Contact information: 
Bob Rooker 
8631 Bond Road 
Elk Grove, CA  95624-1477 
916-405-2085 
Brooker@sac-yolomvcd.com 
 
Projects in Placer County 
Placer Mosquito Abatement District 
P.O. Box 216 
150 Waverly Drive 
Lincoln, CA  95648 
916-435-2140 
charlied@placermosquito.org 
www.placermosquito.org 
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Appendix H 
Drainage Design and Stormwater Management Information 

Not Included in the Design Manual 

Drainage/Flood Control Design Reference Documents 
The design manual does not contain general drainage design standards and details. For that information 
refer to: 

City and County of Sacramento Drainage Manual -Volume II Hydrology Standards – Hard 
copy/CD can be purchased from Sacramento County. Contact the Sacramento County Dept. of Water 
Resources at (916) 874-6851 for ordering information.  

City of Sacramento Department of Utilities Procedures Manual and Utility Standards – Electronic 
copies can be downloaded at www.sacstormwater.org. Hard copies can be purchased at the City 
Department of Utilities or one of the two City Permit Centers; call (916) 808-1400 for more information.  

City of Folsom Design and Procedures Manual – Electronic copy can be downloaded at: 
www.folsom.ca.us/depts/community_development/ 
engineering/design.asp. Or contact the City Department of Public Works for more information at (916) 
355-7272. 

Placer County Flood Control District – Stormwater Management Manual, available at the following 
web address: www.placer.ca.gov/Home/Works/Resources/Swmm.aspx. 

Construction Erosion and Sediment Control Documents 
Sacramento County Improvement Standards (Section 11 – October 2006). (Theses standard details 
area also used by cities in Sacramento; check with your local permitting agency for verification.) 
Electronic copies can be downloaded at http://www.msa.saccounty.net/waterresources/ under “Reports 
and Publications”. Hard copies can be purchased at: 827 7th Street, Sacramento, CA 95814, the cashier’s 
office in first floor. 

City of Roseville Improvement and Construction Standards. 

Electronic copies can be downloaded at www.roseville.ca.us.  Hard copies can be purchased at the City 
Permit Center, call (916) 746 -1300 for more information.  

Industrial/Commercial Facility Operational BMP Guidance Documents 
Sacramento County and Cities in Sacramento County: Guidance materials are published by the 
Sacramento County Environmental Management Department, which is responsible for conducting 
stormwater compliance inspections of many industrial/commercial facilities in the county. Visit 
http://www.emd.saccounty.net/WP/EMDstormwater.htm for more information.  

City of Roseville: The City of Roseville will be developing a guidance manual for industrial and 
commercial facilities. Visit the City's stormwater web site for information as it becomes available: 
www.roseville.ca.us/eu/stormwater_management.  

Statewide Guidance: California Stormwater Best Management Practice Handbook (Industrial and 
Commercial Edition), CASQA, 2003. www.cabmphandbooks.com/ 




