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WATER QUALITY VOLUME AND WATER QUALITY FLOW RATE CALCULATOR
This work sheet calculates the Water Quality Flow Rates or Water Quality Volumes for each drainage management area on your site.


CALCULATOR
Total Site Area 100,000 square feet


# of DMAs 2
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A Roof 50000 50000 50000 0
B Yard 50000 0 50000 50000
C 0 0
D 0 0
E 0 0
F 0 0
G 0 0
H 0 0
I 0 0
J 0 0


Total 100000
Total Area Check Okay
Number of DMAs Check Okay Standard Roof 0.85 Permeable Pavement a NA


Asphalt 0.8 Vegetated Roof b NA
Concrete 0.9 Gravel c 0.25
Brick/Pavers 0.75 Landscaping 0.2
Other Step 6 Grass Pavers/Turf Blocks 0.35


Lawns/grass, sandy soil, slope<2% 0.08
Lawns/grass, sandy soil, slope>7% 0.17


Drainage Management Area Lawns/grass, heavy soil, slope<2% 0.15
A Roof 0.850 Lawns/grass, heavy soil, slope>7% 0.3
B Yard 0.150 Other Step 9
C 0 #DIV/0!
D 0 #DIV/0! 2 Step 12
E 0 #DIV/0! 1. Port of San Francisco jurisdiction: 48 hour, 80% capture. Enter "1" in Step 12. 
F 0 #DIV/0! 2. SFPUC jurisdiction: 0.75 inch rainfall depth. Enter "2" in Step 12.   
G 0 #DIV/0!
H 0 #DIV/0! WQf Performance Measure
I 0 #DIV/0! Design Rainfall Intensity (in/hr) 0.2
J 0 #DIV/0! Note: For both the Port of San Francisco and the SFPUC, the WQf performance measure is based on a 0.2 in/hr rainfall intensit


Drainage Management Area DMA Area
acres BMP min max BMP


A Roof 0.195 2656 A 1.15 Detention pond 5 ac* Bioretention
B Yard 0.034 469 B 1.15 Wet pond 5 ac Media filter
C 0 #DIV/0! #DIV/0! C 0.00 Dry well 0.25 ac Water quality inlet
D 0 #DIV/0! #DIV/0! D 0.00 Infiltration basin 10 ac Vegetated rock filter
E 0 #DIV/0! #DIV/0! E 0.00 Infiltration trench 5 ac Permeable pavement
F 0 #DIV/0! #DIV/0! F 0.00 Vegetated swale 5 ac Swirl separator
G 0 #DIV/0! #DIV/0! G 0.00 Vegetated buffer strip 2(Astrip) Drain insert
H 0 #DIV/0! #DIV/0! H 0.00 Constructed wetland 5 ac Vegetated roof
I 0 #DIV/0! #DIV/0! I 0.00 Detention vault 10 ac Rainwater harvesting
J 0 #DIV/0! #DIV/0! J 0.00 * Or minimum orifice diameter of 1 inch ** Multiple cells can be used to treat larger a


Impervious Runoff Coefficients


Step 3 Step 5


cubic feet/sec cubic feet


Area Impervious (all in square feet) Area Pervious (all in square feet)


Drainage area constraints table
Step 15Step 13 Step 14


Step 1


Water Quality Volume


Pervious Runoff Coefficients


Step 11
Composite Runoff Coefficient


Chose Jurisdiction for WQv Performance Measure


Step 2


Water Quality Flow Rate


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Step


1 Enter the total square footage of your site. Areas are entered in units of square feet. Note: 1 acre = 43,560 square feet. 
2
3 Name each DMA and enter one name per row in the cells adjacent to "A", "B", "C", etc. 
4 Enter the square footage of each DMA. 
5


6


7


8
9


10 Check column U is "okay". If not, adjust areas accordingly.
11 Composite runoff coefficients for each DMA are calculated and displayed here.
12 Choose jurisdication for performance measure. Projects in the Port of SF jurisdiction should select "1". Projects in SFPUC jurisdiction should select "2". 
13
14
15 Use DMA areas and drainage area constraints table to determine which BMPs are possible for which DMAs.


NEXT STEPS
Use the BMP sizing calculators to help you size and design each treatment control measure.
For flow-based measures, the treatment control measure must be sized such that it accommodates the Water Quality Flow Rate for each DMA.
For volume-based measures, the treatment control measure must be sized such that it accommodates the Water Quality Volume for each DMA.


NOTES
a


b Vegetated roofs should be designed in accordance with the SDG to capture the WQv from the roof DMA. 
c


DEFINITIONS
Water Quality Volume Equation: WQv = C x A x d/12


Water Quality Flow Equation: WQf = C x i x A/43560


Where: WQf  = water quality flow (cubic feet per second)
WQv  = water quality volume (cubic feet)
C  = runoff coefficient 
i = design rainfall intensity (in/hr)
A  = drainage area (square feet)
d  = design depth of rainfall (inches)


The Water Quality Volume (WQv) for each DMA is calculated here. The WQv is the required volume to be managed by volume-based BMPs such that the water quality performance measure requirements are met. 


Use the "other" column, column T, for pervious land surfaces not described. Enter the square footage of the "other surface" in the table.  Below, in the Pervious Runoff Coefficients Table, enter a runoff coefficient, C, for the 
surface .


Identify any existing permeable pavement or vegetated roofs on your site that are designed according to SDG requirements and do not receive runoff from adjacent surfaces. Enter their areas. See "Notes" section (a and b)
worksheet for additional description of permeable pavement and vegetated roofs. 


The Water Quality Flow Rate (WQf) for each DMA is calculated here. The WQf is the required flowrate to be managed by flow-based BMPs such that the water quality performance measure requirements are met. 


Permeable pavement includes permeable pavers, porous asphalt, and pervious concrete designed according to SDG requirements.  If runoff from adjacent impervious surfaces is draining to the permeable pavement, then t
area (including the area planned for permeable pavement) should be entered as impervious area in Step 5.  The portion of this total paved area that must be converted to permeable pavement to meet the SDG treatment re
then be calculated using the Permeable Pavement calculator.  


Gravel surfaces can be considered a permeable pavement system if designed in accordance with the storage layer requirements outlined in the permeable pavement sizer and fact sheet. The gravel should be an open grad
washed AASHTO No. 8 stone or larger.  The system should be designed to completely capture the WQv and either infiltrate it or detain it over a 48 hour period.    


Identify the different impervious land surfaces for each DMA and enter their square footage. If a permeable pavement area (i.e., pervious concrete, porous asphalt, or permeable paver) will receive run-on from adjacent surf
entire paved area (including the area planned for permeable pavement) should be entered as an impervious surface. The required size of the permeable pavement facility can then be calculated using the permeable pavem


Use the "other" column for impervious land surfaces not described. Enter the square footage of the "other surface" in the table.  Below, in the Impervious Runoff Coefficients Table, enter a runoff coefficient, C, for the "other
surface


Divide your entire site into discrete drainage management areas (DMAs) and enter the number of DMAs. A DMA is a portion of your site that drains to a common location.  


Identify additional pervious land surfaces for each DMA and enter their areas. See "Notes" section (c) at bottom of worksheet for a description of whether to categorize gravel as permeable pavement or pervious area. 
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INFILTRATION TRENCH/DRY WELL CALCULATOR
These calculators size an infiltration trench or drywell to treat the Water Quality Volume (WQv), or calculate the volume of water treated given user e


CALCULATOR
Infiltration Trench/Dry Well Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 1,500 cubic feet
2 Porosity - n 0.35 recommend 0.35 for coarse aggregate
3 Infiltration Rate - f 2 inches/hour (generally require f ≥0.5"/hr)


Safety Factor 2 recommend 2
Fill time - T 2 hours (1 to 2 hours, recommend 2)
Max Drain Time - t 48 hours (recommend 48)


4 Depth to GW/Bedrock 8 feet


5 Max Allowable Depth - dmax 4.0 feet  
Design Trench Depth - d 4 feet (between 3 to 8 feet)
Check Depth Okay


6 Base Area Calculator 957 square feet
7 Width of Trench 20 feet (should be less than 25 feet)


8 Dimension Calculator
Depth 4.0 feet
Width 20 feet
Length 48 feet
Dry Well Diameter 34.9 feet


Infiltration Trench/Dry Well Calculator - by Available Dimensions
9 Available Length (or Diameter for Dry Well) 48 feet
10 Available Width 20 feet (should be less than 25 feet)
11 Porosity - n 0.35 recommend 0.35
12 Infiltration Rate - f 2 inches/hour (generally require f ≥0.5"/hr)


Safety Factor 2 recommend 2
Fill Time - T 2 hours (1 to 2 hours, recommend 2)
Max Drain Time - t 48 hours (recommend 48)


13 Depth to GW/Bedrock 8 feet


14 Max Allowable Depth - dmax 4.0 feet 
Design Trench Depth - d 4 feet (between 3 to 8 feet)
Check Depth Okay


15 Treated Volume - Infiltration Trench 1,504 cubic feet
Treated Volume - Dry Well 2,835 cubic feet


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Use either steps 1 through 8 to determine the required size of your trench. Or use steps 9 through 15 to check what volume of water is treated given 


To Determine The Required Size of the Infiltration Trench/Dry Well
Step


1 Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality V
2 Adjust the porosity of the trench/dry well backfill material if necessary. Recommend using a default value of 0.35. For a dry well without bac
3


4 Enter the lesser value of the depth to groundwater and depth to bedrock at the site. The bottom of the trench should be at least 4' from bedr
5 The maximum allowable depth of the trench/drywell is calculated here. In the next row, enter a design trench depth less than or equal to the
6 The trench/dry well surface area calculator determines the base surface area of the trench/dry well that is required to treat the design WQv.
7 To calculate actual trench dimensions, enter a desired width for the trench. Generally this will be between 3 and 8 feet, and not exceed 25 f
8 The required dimensions for your WQv trench or dry well are determined here.


To Determine the Volume of Water Treated by Available Dimensions
9 Enter the design length of your trench. For a Dry Well enter the design diameter, and skip Step 11.
10 Enter the design width of your trench.
11 Adjust the porosity of the trench backfill material if necessary. Recommend using a default value of 0.35. For a dry well without backfill use 
12 Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration 


A safety factor of two will be applied in the calculations to account for the decrease in infiltration rate over time due to accumulation of solids
The default value for fill time is 2 hours. The default drain time is 48 hours. These values should not be changed unless explanation is provi


13 Enter the lesser value of the depth to groundwater and depth to bedrock at the site. The bottom of the trench should be at least 4' from bedr
14 The maximum allowable depth of the trench/drywell is calculated here. In the next row, enter a design trench depth less than or equal to the
15 The volume of water treated by your trench or dry well design is shown here. If this volume is less than the required WQv then additional tre


DEFINITIONS
Water Quality Volume (WQv)


Porosity (n) Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one
Infiltration Rate (f)


Fill Time (T) The time taken for the trench/ dry well to fill with runoff. Use recommended values or calcula
Drain Time (t) The time for the trench/dry well to drain the water quality volume. 
Depth (d) The depth of the trench/dry well from the surface of the gravel backfill material.
Length The longitudinal length of the trench.
Width The width of the trench.
Base Area The area of the base of the trench or dry well.


Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration
account for the inherent uncertainties in rate measurement and the decrease in infiltration rate over time. The default value for fill time is 2 h
be changed unless explanation is provided by user.


The runoff volume to be managed by the stormwater BMP such that treatment requirements
Water Quality Flow Rate Calculator.


The rate of water entry into the soil, generally expressed as inches/hour, and determined by 
hydraulic conductivity of the soil times the hydraulic gradient. 
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INFILTRATION BASIN CALCULATOR
This calculator sizes an infiltration basin to treat the Water Quality Volume (WQv).


CALCULATOR
Infiltration Basin Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 1,500 cubic feet
2 Infiltration rate - f 1 inches/hour (generally require f>0.5"/hr)
3 Safety Factor 2 recommend 2
4 Max drawdown time - t 48 hours (recommend between 24 and 48 hours)
5 Base Area Calculator 750 square feet


6 Side Slope 3 feet/feet (ratio of horizontal to vertical, for example, 3 for 3H:1V)
7 Width of Basin Bottom 20 feet
8 Length of Basin Bottom 38 feet
9 Depth at WQv - d 1.5 feet (generally between 1 and 3 feet, recommend 2 feet)


10 Width of Basin at WQv Depth 29 feet
Length of Basin at WQv Depth 46.5 feet


11 Storage Volume 1,552 cubic feet (adjust depth in Step 9 until storage volume is greater than W
12 Check of Volume Okay


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Follow the steps below to determine the required size of your basin. 


Step
1


2


3


4
5


6


7
8
9


10
11
12


DEFINITIONS
Water Quality Volume (WQv)


Infiltration Rate (f)


Drain Time (t)
Depth at WQv (d)
Freeboard


Enter the Water Quality Volume (WQv) for the DMA. The WQv is calculated in Step 14 of the Water Quality Volume and W
Calculator.
Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studie


A recommended safety factor of 2 will be applied to the infiltration rate to account for the inherent uncertainties in rate mea
decrease in infiltration rate over time.
The recommended maximum drawdown time for the infiltration basin is 48 hours.  
The minimum base area of the infiltration basin is calculated here based on infiltrating the entire WQv within the maximum 


The time for the storage area to drain the water quality volume. 


The storage volume in the basin is calculated here. If the volume is less than the WQv entered in Step 1, increase the basi
This step checks that the storage volume is greater than the WQv entered in Step 1.  


The runoff volume to be managed by the stormwater BMP such that treatment requireme
calculated by the Water Quality Volume and Water Quality Flow Rate Calculator.


The vertical distance between the maximum design water depth and the top of the basin


The width and length of the basin at the design water depth (i.e., WQv depth) are calculated here. 


Enter the side slope of the basin. The slope of earthen side walls should be no steeper than 3:1 (i.e., at least 3 feet horizon
vertical). Enter 0 for vertical sidewalls. 
Enter the width of the basin bottom. 


The rate of water entry into the soil, generally expressed as inches/hour, and determined
estimated from soil maps. It equals the hydraulic conductivity of the soil times the hydrau


The length of the basin bottom is calculated based on the base area and width. 
Enter the design water depth of the infiltration basin (i.e., the water depth when the basin has completely captured the WQ
typically between 1 and 3 feet. This depth DOES NOT include freeboard, which is typically 1 foot above the design depth (
added in actual design). 


The depth of the basin from the design water level to the invert of the basin. Does not inc
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PERMEABLE PAVEMENT CALCULATOR
These calculators size the area of permeable pavement to treat the Water Quality Volume (WQv). The calculator can be used for underdrained installations or infiltration installations.


CALCULATOR
Permeable Pavement Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 2,500 cubic feet
2 Drainage Management Area 40,000 square feet (include the area planned for permeable pavement)
3 Permeable Pavement (PP) Type Permeable Pavers select pavement type
4 PP Area as % of Total Drainage Area 40% min allowable is 40%, i.e., 1 part permeable pavement to 1.5 parts impermeable paved drainage area
5 Minimum PP Area 16,000 square feet  
6 Infiltration Rate of In Situ Soils - f 0.4 inches/hour (enter 0 if system will be lined due to subsurface constraints)


Safety Factor 2 recommend 2 to account for decline over time and uncertainty in measurement
7 Underdrains Required Yes required if f ≤ 0.5 inches/hour
8 Porosity of Storage Media - n 0.35 recommend 0.35


Fill Time - T 2 hours (generally 2)


9 Depth of Bedding Layer 2 inches (generally 2")
Depth of Transition Layer 3 inches (generally 3 to 4")


10 Minimum Depth of Storage Layer 6 inches (as needed to store the WQv, minimum of 6")


11 Time Needed to Infiltrate WQV (no underdrain) N/A hours (if greater than 48 hours, install underdrains)
12 Drain Time (for underdrained systems) - t 48 hours (24 to 48, recommend 48)
13 Ave. Discharge Rate for Drain Time 6 gpm (use orifice or other means to control discharge rate)


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Use steps 1 through 13 to determine the required area and drain rate for permeable pavement. 


Step
1


2 Enter the square footage of the DMA draining to the Permeable Pavement (PP). The DMA includes the area planned for PP.  Only impervious surfaces should drain to PP. 
3 Select the type of PP system: permeable pavers, pervious concrete, or porous asphalt.  
4


5 The minimum PP area required is calculated here. 
6


7


8 The default porosity of the media and the fill time have been entered.  Adjusting these values is not recommended. 
9


10 The required depth of the storage layer is calculated here.  The depth is as needed to store the WQv, with a minimum depth of 6".  
11 If the system is not underdrained, the time to infiltrate the WQv is calculated here.  
12 For underdrained systems, specify the desired drain time. For the full benefit of pollutant reduction through detention, 48 hours is recommended.
13


DEFINITIONS
Water Quality Volume (WQv)


Infiltration Rate (f)


Porosity (n)


Fill Time (T)
Bedding Layer


Transition Layer


Storage Layer


Drain Time (t)


The layer located beneath the bedding layer which serves as a transition to the storage layer.  It is also known as the base layer, 
is typically 3 to 4" deep, and consists of AASHTO No. 57 stone.
The layer above the native soil subgrade that distributes loads and stores the runoff.  It is also called the subbase or reservoir 
layer and consists of AASHTO No. 3 stone (i.e., 0.5 to 2.5" diameter crushed aggregate).
The time for the storage area to drain the water quality volume. 


The rate of water entry into the soil, generally expressed as inches/hour, and determined by geotechnical tests or estimated from 
soil maps. It equals the hydraulic conductivity of the soil times the hydraulic gradient. 
Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one cubic foot of gravel contains 0.35 
cubic feet of empty space.  
The time taken for the subsurface media to fill with runoff. 
The layer that the permeable pavement is laid on, also called choker or setting layer.  Consists of AASHTO No. 8 stone.  (Note: 
Bedding layers are typically No. 57 stone for asphalt and concrete; however, the size has been reduced in this application to 
improve filtering performance of the system). 


Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate 
Calculator.


The allowable PP area as a percent of the total drainage area is given here. To reduce pollutant loadings and extend the expected life of the system, the area of the permeable 
pavement system must be 40% or more of the total drainage area (i.e., 1 part permeable pavement facility area to 1.5 parts impervious paved drainage area). To allow run-on to 
permeable pavers, they must have 20% or more of their surface area open.  See the PP fact sheet for more information regarding design requirements.


Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration maps. If the PP is going to be 
underdrained and lined to prevent infiltration, then use 0.  A default safety factor of two will be applied to the infiltration rate to account for soils compaction and clogging, as well as 
the inherent uncertainty in rate measurement. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The WQv is calculated by 
the Water Quality Volume and Water Quality Flow Rate Calculator.


The need for underdrains is determined based on the infiltration rate.  If other constraints require underdrains, such as high groundwater or bedrock, set the infiltration rate in Step 
6 to 0.  See the PP fact sheet for infiltration constraints.


Enter the depths of the subsurface media layers. Layers include the bedding layer, transition (i.e., base) layer, and storage (i.e., subbase) layer.  Recommend using a 2" deep 
bedding layer and a 3 or 4" deep transition layer. The required depth of the underlying storage layer is calculated in Step 10. See the Permeable Pavement fact sheet for more 
information on the media layers. 


The average rate at which the underdrain system must drain the media layers is calculated here. During design, outlet controls must be sized accordingly to achieve the desired 
WQv drain time. 
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DETENTION POND CALCULATOR
This calculator sizes volumetrically a detention pond such that it treats the Water Quality Volume (WQv).


CALCULATOR
Detention Pond Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 4300 cubic feet
2 Forebay Volume Calculator 430 cubic feet


3 Dimensions Calculator
4 Depth at WQv - d 3 feet (generally between 2 and 5 feet, recommend 3 feet)
5 Pond Length to Width Ratio (L/W) 2 generally between 2 and 4
6 Pond Side Slope 3 feet/feet (ratio of horizontal to vertical, for example, 3 for 3H:1V)
7 Width of Pond Bottom 20 feet (adjust width until storage volume in Step 10 is greater than WQ
8 Length of Pond Bottom 40 feet
9 Width of Pond at WQv Depth 38 feet


Length of Pond at WQv Depth 58 feet
10 Storage Volume 4,332 cubic feet (must be greater than WQv)
11 Check of Volume Okay


12 Drain time - t 48 hours (recommend 48 hours)
13 Approx. Orifice Diameter for Drain Time 1.0 inches (refine outlet control sizing and configuration during design)
14 Flow Rate thru Orifice 22 gpm (flow rate when basin is at WQv depth)


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Follow the steps below to determine the required size of your detention pond.


Step
1
2
3
4


5
6


7
8
9


10


11
12
13


14


DEFINITIONS
Water Quality Volume (WQv)


Freeboard
Orifice
Weir
Spillway


Drain Time (t)
Depth at WQv (d)


Enter the Water Quality Volume (WQv) for the DMA. The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow R
The required volume for the forebay is shown here (typically 10 to 25% of the WQv). 
Use the following steps of the Dimensions Calculator to determine the configuration of the detention pond.  
Enter the design water depth of the detention pond (i.e., the water depth when the basin has completely captured the WQv event). Depths are
and 5 feet. This depth DOES NOT include freeboard, which is typically 1 foot above the maximum design depth (freeboard should be added in


Enter the length to width ratio of the detention pond.  A ratio between 2 and 4 is recommended. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are me
calculated by the Water Quality Volume and Water Quality Flow Rate Calculator.
The vertical distance between the maximum design water depth and the top of the basin embankm
An orifice is a flow restrictor. It drains the pond slowly to improve water treatment through settling o


Enter the side slope of the pond. The slope of earthen side walls should be no steeper than 3:1 (i.e., at least 3 feet horizontal for each 1 foot v
vertical hardscaped sidewalls. 


The estimated flow rate through the orifice when the water level is at the WQv depth is calculated here. 


Enter the width of the pond bottom at the invert of the detention pond. 


The width and length of the pond at the design water depth (i.e., WQv depth) are calculated here. 


The diameter of the orifice needed to drain the WQv in 48 hours is shown here. This planning level estimate of the required outlet control shou
design. The pond outlet must be designed such that less than 50% of the WQv is emptied during the first third of the design drain time (i.e., w
hour design drain time). Minimum allowable orifice diameter is 1-inch. 


The storage volume in the pond is calculated here. Adjust the basin depth and/or width (entered in Steps 4 and 7, respectively) until the volum
equal to the WQv entered in Step 1.


The length of the pond bottom is calculated here. 


A weir is a designed overflow facility, and is often the crest of the pond/wetland spillway.


The time for the storage area to drain the water quality volume. 
The depth of the basin from the design water level to the invert of the basin. Does not include freeb


A spillway is a structure to provide the control release of extreme flows, in the event the capacity of 
overwhelmed.


This step checks that the storage volume is greater than the WQv entered in Step1. If the volume is less than the WQv, increase the pond wid
The recommended design drain time for the basin is 48 hours. 
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DETENTION VAULT CALCULATOR
These calculators size a detention vault to treat the Water Quality Volume (WQv), or calculate the volume of water treated given user entered available dimensions.


CALCULATOR
Detention Vault Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 2,500 cubic feet
2 Available Live Storage Depth 4 feet (typically between 3 and 7 ft)
3 Length to Width Ratio (L/W) 2.0 typically between 2 and 4 


4 Length 35.4 feet
Width 17.7 feet


5 Drain Time 48 hrs (recommend 48 hrs)
6 Ave. Discharge Rate for Drain Time 6.5 gpm


Detention Vault Calculator - by Available Area
7 Available Base Area 500 square feet
8 Design Live Storage Depth 4 feet
9 Treated Volume 2,000 cubic feet


INSTRUCTIONS
Use either steps 1 through 6 to determine the required dimensions of the vault. Or use steps 7 through 9 to check what volume of water is treated given the available area for a vault.


Step
To Determine The Required Dimensions for the Vault


1 Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate
2


3 Enter the proposed length to width ratio of the vault.  A ratio > 2:1 is preferred.  A 2:1 ratio should be entered as "2", a 3:1 as "3", etc. 
4 The length and width of the vault are calculated. 
5 Enter the drawdown time for the vault (48 hrs is recommended). 
6


To Determine the Volume of Water Treated by an Available Area
7 Enter the available area to install the vault (base area).
8 Enter the proposed live storage depth of the vault. Generally 5 feet not including freeboard.
9


DEFINITIONS
Water Quality Volume (WQv)


Live Storage Depth The depth of water storage in the vault.  Does not include freeboard or depth of permanent pool.
Length The longitudinal length of the vault
Width The width of the vault
Base Area The area of the base of the vault
Drain Time (t) The time for the storage area to drain the water quality volume. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The WQv is calculated by the Water 
Quality Volume and Water Quality Flow Rate Calculator.


Enter the proposed live storage depth of the vault. This is typically between 3 to 7 feet not including freeboard. This depth also does not include the depth of the permanent 
wet pool. It is recommended that the wet pool depth be greater than 3 feet.


The average discharge rate from the vault to obtain the desired drain time is calculated. During design, outlet controls must be sized accordingly to achieve the desired WQv 
drain time. 


The volume of water treated by the proposed detention vault is shown here. If this volume is less than the required WQv then additional treatments will likely be required.


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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WET POND/WETLAND CALCULATOR
This calculator sizes the components of a wet pond or wetland such that it treats the Water Quality Volume (WQv).


CALCULATOR
Wet Ponds and Wetlands Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 4,400 cubic feet


2 Forebay volume calculator (min size) 440 cubic feet
3 Wet Pond or Wetland Wetland
4 Permanent pool volume calculator 4,400 cubic feet
5 Live storage volume calculator 4,400 cubic feet


6 Dimensions Calculator
7 Permanent Pool Depth 2 feet (typically 1.5 to 2 feet average depth for wetlands, 4 to 6 feet for
8 Live Storage Volume Depth 1.5 feet (typically 1 to 2 feet for wetlands, 1 to 3 feet for wet pond)
9 Total Depth at WQv - d 3.5 feet


10 Basin Length to Width Ratio (L/W) 2.5 generally between 2 and 4
11 Basin Side Slope 3 feet/feet (ratio of horizontal to vertical, for example, 3 for 3H:1V)
12 Width of Basin Bottom 26 feet
13 Length of Basin Bottom 65 feet
14 Width of Basin at Permanent Pool Depth 38 feet


Length of Basin at Permanent Pool Depth 77 feet
Width of Basin at WQv Depth 47 feet
Length of Basin at WQv Depth 86 feet


15 Permanent Pool Volume 4,560 cubic feet (must be greater than 2x WQv)
Live Storage Volume 5,177 cubic feet (must be greater than WQv)


16 Check of Permanent Pool Volume Okay
Check of Live Storage Volume Okay


17 Drain time for WQv - t 48 hours (between 24-28, recommend 48 hours)
18 Approx. Orifice Diameter for Drain Time 1.3 inches (refine outlet control sizing and configuration during design)
19 Flow Rate thru Orifice 27 gpm (flow rate when basin is at WQv depth)


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Follow the steps below to determine the required size of your wet pond/wetland.


Step
1
2
3
4
5
6
7


8


9
10
11


12
13
14
15


16


17
18


19


DEFINITIONS
Water Quality Volume (WQv)


Live Storage Volume
Permanent Pool Volume
Forebay Volume
Permanent Pool Depth
Live Storage Volume Depth
Depth at WQv (d) The depth of the basin from the top of the live storage volume to the invert of the basin. Does not in
Freeboard The vertical distance between the maximum design water depth and the top of the basin embankm
Orifice An orifice is a flow restrictor. It drains the pond slowly to improve water treatment through settling o
Drain Time (t)


Depth from the top of the permanent pool to the top of the live storage area. 


The time for the storage area to drain the water quality volume. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are m
calculated by the Water Quality Volume and Water Quality Flow Rate Calculator.
The temporary ponding area above the permanent pool that stores the WQv volume. 
The volume of water that is permanently in the wet pond/wetland.
A sediment forebay should be used to isolate gross sediments as they enter the facility and to simp
The depth from the invert of the basin to the top of the permanent pool water level. This depth may


The required live storage volume is calculated here. This is typically equal to the WQv. 


Enter the depth of the permanent pool. Wetlands include shallower areas (0 to 18 inch depth) for increased plant growth as well as deeper micro
depth). Enter the average depth of the wetlands' permanent pool. There is typically a 1.5 to 2 feet average depth for wetlands, 4 to 6 feet for wet
Enter the live storage depth (i.e., the water depth above the permanent pool used to captured the WQv event). Depths are typically 1 to 2 feet fo
feet for wet ponds. This depth DOES NOT include freeboard, which is typically 1 foot above the maximum design depth (freeboard should be ad


Enter the length to width ratio of the basin.  A ratio between 2 and 4 is recommended. 
The total depth of the basin at the WQv level is calculated here. 


Enter the Water Quality Volume (WQv) for the DMA. The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate
The required volume for the forebay is shown here (typically 10 to 25% of the WQv). 
Select whether you are designing a wet pond or wetland. 
The required permanent pool volume is calculated here. The permanent pool should be equal to the WQv for wetlands and two times the WQv fo


The step calculates the estimated flow rate through the orifice when the water level is at the WQv depth. 


Use the following steps of the Dimensions Calculator to determine the basin configuration.  


The width and length of the basin at the permanent pool depth and at the design water depth (i.e., WQv depth) are calculated here. 


Enter the side slope of the basin. The slope of earthen side walls should be no steeper than 3:1 (i.e., at least 3 feet horizontal for each 1 foot ver
vertical hardscaped sidewalls. 
Enter the width of the pond bottom at the invert of the basin. 
The length of the basin bottom is calculated here. 


This step checks that the permanent pool and live storage volumes meet the required volumes calculated in Steps 4 and 5. If either volume is les
increase the basin width (Step 12) or depths (Steps 7 and 8). 
The WQv design drain time is entered here.  The time should be between 24 and 48 hours, with 48 hours being recommended. 


The basin's permanent pool volume and the live storage volume are calculated here. Adjust the basin width and/or depth until the volumes are g
the permanent pool volume and WQv calculated in Steps 4 and 5.


The diameter of the orifice needed to drain the WQv in the design drain time is shown here. This planning level estimate of the required outlet co
revised during design. The minimum allowable orifice size is 1-inch diameter. 
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VEGETATED SWALE CALCULATOR (flow-based)
This calculator sizes a vegetated swale to treat the Water Quality Flow Rate (WQf).


CALCULATOR
Vegetated Swales Calculator - by Water Quality Flow Rate


1 Water Quality Flow Rate - WQf 0.18 cubic feet per second
2 Swale Base Width 3 feet (between 2 to 10 feet)
3 Swale Side Slope (Horizontal/Vertical) 3 3:1 or flatter (enter ratio of horizontal to vertical, for example, 3 for 3H:1V)
4 Swale Slope 2 % (2% recommended, use check dams to keep slope less than 5%)
5 Manning's n for Low Flow 0.25 0.2 - 0.3 for water quality depth, recommend 0.25


6 Depth at WQf 2.3 inches (increase swale width if depth greater than 4")
7 Velocity at WQf 0.25 ft/sec (decrease slope if velocity greater than 1 ft/s)  
8 Required Residence Time 9 min (use 18 min for continuous inflow swale) 
9 Required Swale Length 135 feet (minimum length is 100 feet)


10 Offline or Online Online
11 Max Design Depth for Conveyance 1.00 feet (for online systems, enter depth used to convey storms larger than the WQ event)
12 Freeboard 0.50 feet, recommend 0.5 ft for online, 0.25 ft for offline


Total Swale Depth 1.50 feet  
13 Top Swale Width 12.00 feet
14 Total Swale Area 1,618 square feet
15 Manning's n for High Flow 0.040 recommend 0.035 - 0.045 for vegetated channel under high flows
16 Swale Capacity at Max Design Depth 23.6 cubic feet per second


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Use the steps below to determine the swale dimensions and length such that the WQf is met by the proposed design.


Step
1
2 Enter the proposed base width of your swale. The sizer assumes the swale is trapezoidal.  Base width should be between 2 to 10 feet. 
3 Enter the side slope of the swale. The side slope should be no steeper than 3:1 (i.e., at least 3 feet horizontal for each 1 foot vertical).
4


5


6
7 The velocity in the swale during the water quality event is calculated here. The velocity should be less than 1 ft/s. 
8


9 The swale length needed to provide the required residence time is calculated here.  
10


11


12
13 The top width of the swale is calculated here. 
14 The total swale area is calculated here. This includes the bottom and side slope area of the swale. 
15


16 For online systems, the estimated flow rate at the maximum design depth is calculated. This is the maximum capacity of the swale. 


DEFINITIONS
Water Quality Flow Rate (WQf)


Infiltration Rate (f)


Swale Base Width The width of the bottom of the swale, when the swale is a trapezoidal shape.
Swale Side Slope The slope of the sides of the swale, generally expressed as a ratio. The recommended steepest slope is 3:1.
Swale Slope The longitudinal slope of the swale, this is calculated from your DMA contour survey or similar.
Manning's n


Depth at WQf


Residence Time


Swale Length The length of the swale needed to provide sufficient residence time for water treatment.
Max Design Depth 


Total Swale Depth Equals the maximum design conveyance depth plus the freeboard
Swale Width The overall width of the swale, including base and side slopes, calculated at the total swale depth. 
Swale Area


Swale Capacity This is the maximum flow rate that can be conveyed by the swale. 


For adequate treatment a swale must provide at least 9 minutes residence time. Residence time is the amount of time that water is present in the 
swale (i.e. the time taken for water to travel from the start of the swale to the end).


For online system, the depth used to convey storm events larger than the WQf.  It equals the total swale depth minus the freeboard depth. 


The length of the swale, multiplied by the overall swale width. This describes what area of the site will be occupied by the treatment swale.


The required flow rate to be managed by the stormwater BMP such that the treatment requirements are met. The WQf is calculated by the Water 
Quality Volume and Water Quality Flow Rate Calculator.
The rate of water entry into the soil, generally expressed as inches/hour, and determined by geotechnical tests or estimated from soil maps. It 
equals the hydraulic conductivity of the soil times the hydraulic gradient. 


The Manning's roughness coefficient for the swale. Note: at depths less than the vegetation height (e.g., at the WQf depth), the Manning's n is 
significantly greater than at flooding depths. 
The design depth of flow in the swale. Note for maximum effectiveness swales should flow with no deeper than 2/3 the height of grass in the 
swale, or, generally, at a flow depth of 4".


Enter the maximum design depth for the swale. For online systems, the depth is greater than the WQf depth in order to convey runoff from storms larger than the water quality event. For offline 
systems, enter the design depth from Step 6, divided by 12 to convert the depth to feet. 
A freeboard of 0.50 ft for online systems and 0.25 ft for offline systems is recommended. This freeboard is added to the design depth to calculate the total depth of the swale. 


For online systems, enter the Manning's n at maximum design depth. Maximum depth is typically between 1 to 2 feet.  For vegetated channels an n between 0.35 - 0.45 is recommended. 
However, the value of n can be highly variable based on the design depth and the degree of retardance in the swale (i.e., vegetation type and height, check dams, etc.). 


Enter the Water Quality Flow Rate (WQf) for the drainage management area (DMA). The WQf is calculated in Step 13 of the Water Quality Volume and Water Quality Flow Rate Calculator.


Enter the longitudinal slope of the swale. The maximum slope for swale design is 5%, and 2% is preferred. Consider using a meandering design, terraces, or check dams to create a satisfactory 
slope. Enter the percentage as a whole number; for example, for 2%, enter 2 rather than 0.02. 
Enter the Manning's n runoff coefficient. At the water quality depth, an n value between 0.2 and 0.3 is typical. The Manning's equation is an open channel flow equation used for drainage design.


The flow depth during the water quality event is calculated. The depth should be less than or equal to 4 inches, or 0.33 feet. If it's greater, increase the swale base width. 


To provide adequate treatment of the WQf, the recommended residence time in the swale is 9 minutes.  If flow enters the swale continuously along its length rather than at the upstream end, 
entering an 18 minute residence time is recommended. 


Select whether the swale is designed as an online or offline BMP.  The system is "online" if flows greater than the WQf are also directed to the swale. For "offline" swale systems, only flows less 
than or equal to the WQf are directed to the swale. 
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VEGETATED SWALE CALCULATOR (volume-based)
This calculator sizes a vegetated swales or sloped bioretention systems designed to treat the Water Quality Volume (WQv).


CALCULATOR
Vegetated Swales Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 2,000 cubic feet
2 Swale Base Width 3 feet (between 2 to 10 feet)
3 Swale Side Slope (Horizontal/Vertical) 3 3:1 or flatter (enter ratio of horizontal to vertical, for example, 3 for 3H:1V)
4 Swale Slope 2.0% (2% recommended, use check dams to keep slope less than 5%)
5 Ponding Depth above Swale - Pd 1 feet (recommend 0.5 to 1 ft, depth should be equal to check dam height)
6 Check Dam Spacing 50 feet (horizontal spacing between check dams)


Swale Average Cross-Sectional Area 2.25 square feet
7 Depth of Bioretention Soil Mix - d 1.5 feet (recommend >1.5 ft)
8 Porosity of Bioretention Soil Mix - n 0.35 recommend 0.35


Hydraulic Conductivity of Bioretention Soil Mix - k 5 in/hr (recommend 5)
9 Fill Time - T 2 hours (0-2 hours, recommend 2)


10 Length of Swale 387 feet (horizontal length of swale)
11 Freeboard Above WQ Depth 0.20 feet (recommend at least 0.2 ft of freeboard between ponding depth and overflow elevation)
12 Top Width of Swale 10.2 feet
13 Swale Area 3,948 square feet


14 Infiltration Rate - f 0.50 in/hr (use underdrains if f < 0.5 in/hr)
15 Underdrains Required? No Select yes if f < 0.5 or other infiltration constraints apply
16 Time Needed to Infiltrate WQv (no underdrain) 41 hours (if greater than 48 hours, install underdrains)


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Use the steps below to determine the swale dimensions and length such that the WQv is met by the proposed design.


Step
1 Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate Calculator.
2 Enter the proposed base width of your swale. The sizer assumes the swale is trapezoidal.  Base width should be between 2 to 10 feet. 
3
4


5 Enter the ponding depth above the swale. This is typically 6 to 12 inches. The depth should be equal to the check dam height.   
6 The spacing between check dams is calculated here based on the swale slope and check dam height. 
7 Enter the depth of the bioretention soil mix. This should be greater than 1.5 ft and is generally between 1.5 and 2.5 ft. 
8


9 The default value for fill time for swales is 2 hours. 
10 The length of the swale need to capture the WQv is calculated here.
11 Enter the freeboard above the water quality depth. A freeboard of at least 2" is recommended. 
12 The overall top width of the swale is calculated here for site layout purposes.
13 The swale area is calculated so that the site area demand can be assessed. The area is based on the water quality depth plus freeboard. 
14
15


16 For non-underdrained systems, the time needed to infiltrate the WQv is calculated here.  If the drain time is greater than 48 hrs, underdrains should be installed. 


DEFINITIONS
Water Quality Volume (WQv)


Infiltration Rate (f)


Swale Base Width The width of the bottom of the swale, when the swale is a trapezoidal shape.
Swale Side Slope The slope of the sides of the swale, generally expressed as a ratio. The recommended steepest slope is 3:1.
Swale Slope The longitudinal slope of the swale, this is calculated from your DMA contour survey or similar.
Ponding Depth (Pd) The depth above the swale surface where runoff is ponded temporarily before filtering through the media. 
Depth of Engineered Soil (d) The depth of the engineered soil beneath the swale. 
Hydraulic Conductivity (k) Measure of the ease in which water moves through a porous media, generally expressed as inches/hour.  
Porosity (n)


Fill Time (T) The time taken for the water quality storm to fill the swale system. 
Swale Length The length of the swale needed to capture the WQv. 
Swale Area The length of the swale, multiplied by the overall swale width. This describes what area of the site will be occupied by the treatment swale.
Swale Width The overall width of the swale, including base and side slopes - calculated from a depth equal to the water quality depth plus freeboard.
Drain Time (t) The time for the storage area to drain the water quality volume. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The WQv is calculated by the Water Quality 
Volume and Water Quality Flow Rate Calculator.
The rate of water entry into the soil, generally expressed as inches/hour, and determined by geotechnical tests or estimated from soil maps. It 
equals the hydraulic conductivity of the soil times the hydraulic gradient. 


Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one cubic foot of gravel contains 0.35 cubic feet of 
empty space.  


Enter the side slope of the swale. The slope of earthen side walls should be no steeper than 3:1 (i.e., at least 3 feet horizontal for each 1 foot vertical). Enter 0 for vertical sidewalls. 
Enter the longitudinal slope of the swale. The maximum slope for swale design is 5%, and 2% is preferred. Consider using a meandering design, terraces, or check dams to create a satisfactory 
slope.


The default porosity and design hydraulic conductivity of the bioretention soil mix  are entered here. The conductivity is based on the bioretention media recommendations provided in the Bioretention 
Fact Sheet. 


Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration maps. Enter zero if swale is to be lined.
Enter whether underdrains are required at the site. Select "Yes" if underdrains are required due to low infiltration rates or other subsurface constraints, such as depth to groundwater or bedrock. 
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VEGETATED BUFFER STRIP CALCULATOR
This calculator determines the minimum width for a vegetated buffer strip based on the width of the Drainage Management Area (DMA). 


CALCULATOR
Vegetated Buffer Strips - by DMA width


1 Width of contributing DMA 59 feet
2 Is the DMA width < 60 feet? Yes


3 Minimum VBS Width 29.5 feet


INSTRUCTIONS
Use steps 1 through 3 to determine the minimum width of the vegetated buffer strip to meet the treatment design requirements.


Step
1


2
3


DEFINITIONS
DMA Width Width of the DMA in the direction of flow. The width extends from the upstream edge of the DMA to the boundary with the VBS. 
VBS Width Width of the vegetated buffer strip in the direction of flow. The width extends from the boundary with the DMA to the downstream 


If the DMA width is greater than 60 feet, an additional treatment BMP must be used in conjunction with the VBS.


Enter the width of the contributing DMA, where width is measured in the direction of runoff from the DMA. The vegetated buffer strip (VBS) is located parallel to t
extend the full length of the DMA. For instance, for a crowned roadway, the DMA width would be the distance from the centerline of the road to the edge of pave
begins.


The minimum VBS width is calculated here, where width is measured in the direction of runoff. The VBS width should be greater than or equal to half the DMA w
less than 15 feet. 


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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VEGETATED ROCK FILTER CALCULATOR
These calculators determine the vegetated rock filter (VRF) dimensions needed to treat the Water Quality Volume (WQv) or Water Quality Flow Rate (WQf). 


CALCULATOR
Vegetated Rock Filter Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 2500 cubic feet
2 % of WQv stored in Forebay 10% % of total WQv stored by forebay (usually 10-20%)
3 % of WQv stored in VRF 90% % of total WQv stored in VRF 
4 Volume of Forebay 250 cubic feet


Volume in VRF 2250 cubic feet


5 Depth of Forebay 2 feet, typically 1 to 3 feet
6 Depth of Permanent Pool Gravel 2.5 feet, typically 1.5 to 3.5 feet, recommend 2.5 feet
7 Depth of Gravel above Permanent Pool in VRF 0.5 feet, typically 0.25 to 0.75 feet, recommend 0.5 feet
8 Total Depth of Gravel - d 3 feet, typically 2 to 4 feet, recommend 3 feet
9 Max Ponding Depth Above VRF - Pd 1 feet, typically 0.5 to 2 feet


10 Total WQv Storage Depth in VRF 1.5 feet, sum of the ponding depth and the depth of gravel above permanent pool


11 Porosity of Gravel - n 0.35 typically 0.3 to 0.4, recommend 0.35
12 Surface Area needed for Forebay 125 square feet


Surface Area needed for VRF 1915 square feet
13 Width 25 feet
14 Length 77 feet
15 Length to Width Ratio 3.1


16 Hydraulic Conductivity of Gravel - k 2000 ft/day
17 Flow Rate through Filter 0.017 cubic feet per second
18 Calculated WQv Drain Time - t 41 hrs, must be between 12 and 48 hrs. If t <12, decrease width or provide outlet control. 


Vegetated Rock Filter Calculator - by Water Quality Flow Rate
19 Water Quality Flow Rate - WQf 0.18 cubic feet/second
20 Hydraulic Conductivity of Gravel - k 2000 ft/day
21 Length of VRF 22 feet (adjust length until residence time in Step 28 is greater than 12 hours)
22 Depth of Permanent Pool Gravel 2.5 feet, typically 1.5 to 3.5 feet, recommend 2.5 feet
23 Depth of Gravel above Permanent Pool in VRF 0.5 feet, typically 0.25 to 0.75 feet, recommend 0.5 feet
24 Total Depth of Gravel - d 3 feet, typically 2 to 4 feet, recommend 3 feet


25 Cross-sectional Area Required 342 square feet
Width Required 114 feet


26 Surface Area 2509 square feet


27 Velocity through Filter 0.0005 feet per second
28 Residence Time 12 hrs, must be between 12 and 48 hrs. If t <12, increase length or provide outlet control. 


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS


Step
To Determine the Required Dimensions for Volume-based VRFs (i.e., those capturing the WQv).


1


2
3
4
5
6
7


8
9


10
11
12
13
14
15
16
17
18


To Determine the Required Dimensions for Flow-based VRFs (i.e., those sized to convey the WQf).
19


20
21
22
23


24
25
26
27
28


Enter the design hydraulic conductivity of the gravel.  A default value of 2000 ft/day is recommended. 


Enter the width of the VRF. 
The required length of the VRF is calculated here. 


The drawdown time for the WQv is calculated here. If the drawdown time is less than 12 hours, decrease the VRF width or provide an outlet flow control device. 


The surface area of the VRF is calculated here. 


The flow rate through the filter is calculated here. Runoff flows horizontally from the upstream end to the downstream end of the VRF. 


Enter the depth of the gravel above the permanent pool level. This is the portion of the gravel that drains (i.e., the gravel depth above the outlet weir or 
standpipe).
The total depth of the gravel is calculated.  It is equal to the sum of depths entered in Steps 6 and 7. 
Enter the depth of ponding above the filter bed. A highly impermeable wetland soil layer should be provided at the surface of the VRF to prevent short-circuiting 
of the ponded runoff.  A perforated riser is used to convey the ponded water through the impermeable soil layer to the underlying rock filter media. 
The total storage depth is calculated. The depth is equal to the sum of the ponding depth and the gravel depth above the permanent pool. 
Enter the porosity of the gravel. A default value of 0.35 is recommended. 


The length to width ratio of the VRF is calculated here. 


For volume-based sizing, use steps 1-18 to determine the required dimensions of the VRF. Volume-based VRFs provide a storage area above the filter to capture the 
WQv, and the filter area is sized to drain the WQv within the desired drain time. 
For flow-based sizing, use steps 19 - 28.  The cross-sectional area of flow-based VRFs are sized to convey the WQf, and the length of the VRF is sized to provide the 
desired residence time. 


Enter the depth of the permanent pool gravel. This is the depth from the bottom of the VRF to the permanent pool level.  


The required surface area of the forebay and VRF are calculated here. 


Enter the Water Quality volume (WQv) for the DMA. The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate Calculator.


Enter the percent of the WQv to be stored by the pretreatment forebay, typically between 10% - 20%, recommend 10%.
The percent of the WQv to be stored by the VRF is calculated as 100% - Forebay Storage %.
The forebay and VRF storage volumes are calculated based on their percentages and the total WQv. 
Enter the storage depth in the forebay, typically between 1 and 3 feet. 


The total depth of the gravel is calculated.  It is equal to the sum of depths entered in Steps 22 and 23. 
The required cross-sectional area and width of the VRF are calculated here. 


Enter the Water Quality Flow Rate (WQf) for the drainage management area (DMA). The WQf is calculated in Step 13 of the Water Quality Volume and Water 
Quality Flow Rate Calculator.


Enter the length of the VRF. 
Enter the depth of the permanent pool gravel. This is the depth from the bottom of the VRF to the permanent pool level.  
Enter the depth of the gravel above the permanent pool level. This is the portion of the gravel that drains (i.e., the gravel depth above the outlet weir or 
standpipe).


Enter the design hydraulic conductivity of the gravel.  A default value of 2000 ft/day is recommended. 


The velocity through the filter is calculated here. Runoff flows horizontally from the upstream end to the downstream end of the VRF. 
The residence time for the WQf is calculated here. If the residence time is less than 12 hours, increase the VRF length or provide an outlet flow control device. 
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DEFINITIONS
Water Quality Volume (WQv)


Water Quality Flow Rate (WQf)


Depth of Forebay
Depth of Permanent Pool


Depth of Gravel (d)
Ponding Depth (Pd)
Porosity (n)


Length
Width
Hydraulic Conductivity (k)
Flow Rate through Filter


Drawdown Time (t)
Residence time The time for runoff to travel from the upstream end of the VRF to the downstream end. 


Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one cubic foot of 
gravel contains 0.35 cubic feet of empty space.  
The longitudinal length of the VRF.
The width of the VRF.
The rate at which water flows through the gravel bed, in this case, horizontally.
Horizontal rate of flow through the cross-sectional area of the filter.  Cross-sectional area is calculated as width 
x depth. Flow is in the longitudinal direction.
The time for the storage area to drain the water quality volume. 


The depth above the filter surface where runoff is ponded temporarily before filtering through the media. 


The depth of water that can be stored in the forebay. 
The depth of the filter that does not drain, controlled by a weir or standpipe at the downstream end of the filter.


The required flow rate to be managed by the stormwater BMP such that the treatment requirements are met. 
The WQf is calculated by the Water Quality Volume and Water Quality Flow Rate Calculator.


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The 
WQv is calculated by the Water Quality Volume and Water Quality Flow Rate Calculator.


The depth of the VRF from the surface of the gravel to the base of the filter.
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BIORETENTION CALCULATOR
These calculators size the area of rain garden or flow-through planter to treat the Water Quality Volume (WQv), or calculate the volume of water treated given user entered available dimensions. 
For sloped systems, use the volume-based Swale calculator. 


CALCULATOR
Bioretention Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 1200 cubic feet
2 Site Meets Infiltration Constraints? Yes
3 Underlying Infiltration Rate - f 0.5 inches/hour (generally require f ≥ 0.5"/hr)
4 Underdrains Required? No


5 Depth of Bioretention Soil Mix - d 1.5 feet (recommend >1.5 ft)
6 Porosity of Bioretention Soil Mix - n 0.35 recommend 0.35


Hydraulic Conductivity of Bioretention Soil Mix - k 4 in/hr (recommend 4)
7 Max Ponding Depth above Filter - Pd 0.75 feet (recommend 0.5 to 1 ft)
8 Fill Time - T 1 hours (0-2 hours, recommend 1)


9 Area Calculator 1,029 square feet
10 Area Draining to Bioretention 21,650 square feet
11 Sizing Ratio (Bioretention Area/Drainage Area) 4.8% typically between 4 to 7% of the impervious drainage area


12 Time Needed to Infiltrate WQv (no underdrain) 56 hours (if greater than 48 hours, install underdrains)


Bioretention Calculator - by Available Area
13 Available Area 1030 square feet
14 Site Meets Infiltration Constraints? Yes
15 Underlying Infiltration rate - f 0.5 inches/hour (generally require f ≥0.5"/hr)
16 Underdrains Required? No


17 Depth of Bioretention Soil Mix - d 1.5 feet (generally 0.5 to 1)
18 Porosity of Bioretention Soil Mix - n 0.35 recommend 0.35


Hydraulic Conductivity of Bioretention Soil Mix - k 4 in/hr (recommend 5)
Factor of Safety 2 recommend 2


19 Max Ponding Depth above Filter - Pd 0.75 feet (recommend 0.5 to 1 ft)
20 Fill Time - T 1 hours (0-2 hours, recommend 1)


21 Treated Volume 1202 cubic feet
22 Area Draining to Bioretention 21,650 square feet
23 Sizing Ratio (Bioretention Area/Drainage Area) 4.8% typically between 4 to 7% of the impervious drainage area


24 Time Needed to Drain WQv 56 hours (if greater than 48 hours, install underdrains)


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS
Use either steps 1 through 12 to determine the required area of bioretention. Or use steps 13 through 24 to check what volume of water is treated given the available area for bioretention.


Step
To Determine The Required Area for Bioretention Facility


1


2 Select Yes or No for whether the site meets all the infiltration constraints listed in the SDG. These include setbacks from buildings, depth to groundwater, site slope, etc.  
3 Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration maps.
4 The need for underdrains is determined based on entries in Steps 2 and 3.
5 Enter the depth of the bioretention soil mix. This should be greater than 1.5 ft and is generally between 1.5 and 2.5 ft. 
6


7 Enter the max ponding depth above the filter.  This is typically 6 to 12 inches.  It is recommended that the ponding depth be at least 2" below the bioretention overflow elevation.  
8 The default value for fill time is 1 hour. Changing this value is not recommended. 
9 The required area to treat the WQv is determined here.


10 Enter the square footage of the area draining to the bioretention system (see Water Quality Volume and Water Quality Flow Rate Calculator for area).  
11 The ratio of the bioretention area to the DMA is calculated here as a check of the sizing.  The percentage is typically between 4% to 7%.
12 For non-underdrained systems, the time needed to infiltrate the WQv is calculated here.  If the drain time is greater than 48 hrs, underdrains should be installed. 


To Determine the Volume of Water Treated by Available Area
13 Enter the available area for the bioretention system here.
14 Select Yes or No for whether the site meets all the infiltration constraints listed in the SDG. These include setbacks from buildings, depth to groundwater, site slope, etc.  
15 Enter the infiltration rate of the underlying soils. This should be determined by geotechnical testing or, for conceptual studies, soil infiltration maps.
16 The need for underdrains is determined here based on entries in Steps 2 and 3.
17 Enter the depth of the bioretention soil mix. This should be greater than 1.5 ft and is generally between 1.5 and 2.5 ft. 
18 The default porosity and hydraulic conductivity of the bioretention soil mix are entered here. Changing these values is not recommended. 
19 Enter the max ponding depth above the filter.  This is typically 6 to 12 inches.  It is recommended that the max ponding depth be at least 2" below the bioretention overflow elevation.  
20 The default value for fill time is 1 hour. Changing this value is not recommended. 
21 The volume of water treated by the bioretention system is shown here. If this volume is less than the required WQv then additional treatments will likely be required.
22 Enter the square footage of the area draining to the bioretention system (see Water Quality Volume and Water Quality Flow Rate Calculator for area).  
23 The ratio of the bioretention area to the DMA is calculated here as a check of the sizing. The bioretention area is typically between 4 to 7% of the impervious drainage area.
24 For non-underdrained systems, the time needed to infiltrate the WQv is calculated here.  If the drain time is greater than 48 hrs, underdrains should be installed. 


DEFINITIONS
Water Quality Volume (WQv)


Infiltration Rate (f)


Porosity (n)


Fill Time (T) The time taken for water quality storm to fill the bioretention system. 
Ponding Depth (Pd) The depth above the bioretention surface where runoff is ponded temporarily before filtering through the media. 
Depth of Engineered Soil (d) The depth of the engineered bioretention soil.
Hydraulic Conductivity (k) Measure of the ease in which water moves through a porous media, generally expressed as inches/hour.  
Drain Time (t) The time for the storage area to drain the water quality volume. 


Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate Calculator.


The rate of water entry into the soil, generally expressed as inches/hour, and determined by geotechnical tests or estimated from soil 
maps. It equals the hydraulic conductivity of the soil times the hydraulic gradient. 
Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one cubic foot of gravel contains 0.35 cubic feet 
of empty space.  


The default porosity and hydraulic conductivity of the bioretention soil mix are entered here. The conductivity is based on the media recommendations provided in the Bioretention Fact 
Sheet. Changing these default values is not recommended. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The WQv is calculated by the Water 
Quality Volume and Water Quality Flow Rate Calculator.
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MEDIA FILTER CALCULATOR
These calculators size the area of the media filter system needed to treat the Water Quality Volume (WQv) or the Water Quality Flow Rate (WQf). 


CALCULATOR
Media Filter Calculator - by Water Quality Volume


1 Water Quality Volume - WQv 2500 cubic feet
2 Sedimentation Chamber for Pretreatment? Yes pretreatment is highly recommended
3 Desired WQv Drawdown Time 24 hours (recommend 24 to 48)
4 Depth of Filter Media - d 1.5 feet (recommend  1.5 ft)
5 Porosity of Filter Media - n 0.35 recommend 0.35


Hydraulic Conductivity of Filter Media - k 2 in/hr (recommend design value of 2 for sand, 1 if no pretreatment)
6 Max Ponding Depth above Filter - Pd 1 feet (typically 0.5 to 2 ft)
7 Fill Time - T 1 hours (0-2 hours, recommend 1)


8 Minimum Filter Area Calculator 469 square feet
9 Volume Stored in Filter Chamber 573 cubic feet


Required Storage Volume in Sed Chamber 1,927 cubic feet (Sedimentation chamber must store remaining WQv)
10 Sed Chamber - Live Volume Storage Depth 2.0 feet (typically 1 to 3 feet)
11 Sed Chamber - Area Calculator 964 square feet


12 Area Draining to Filter 25,000 square feet
13 Sizing Ratio (BMP Area/Drainage Area) 5.7% typically 3 to 6% of the impervious drainage area


14 Calculated WQv Drain Time 24 hours (if less than desired drawdown time, install outlet control)
15 Ave. Discharge Rate for Desired Drain Time 13 gpm (discharge rate through underdrain system)


Media Filter Calculator - by Water Quality Flow Rate
16 Water Quality Flow - WQf 0.1 cubic feet per second (cfs)
17 Treatment Capacity of Media 1 gpm/ft2 (capacity should be provided by manufacturer)
18 Minimum Filter Area 45 square feet


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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INSTRUCTIONS


Step
To Determine The Required Area for Volume-Based Media Filters 


1 Enter the Water Quality Volume (WQv) for the drainage management area (DMA). The WQv is calculated in Step 14 of the Water Quality Volume and Water Quality Flow Rate Calculator.
2 Select Yes or No for whether a sedimentation chamber is included in the design.  Pretreatment is highly recommended for media filters.   
3 Enter the desired drain time for the system.  Recommended drain time is between 24 to 48 hours. 
4 Enter the depth of the filter media. This is typically between 1.5 and 2 feet. 
5


6 Enter the max ponding depth above the filter.  This is typically 6 to 18 inches.  At least 2" of freeboard should be provided between the max ponding depth and the overflow elevation.  
7 The default value for fill time is 1 hour. Changing this value is not recommended. 
8 The minimum filter area required to drain the WQv within the desired drain time is calculated here.
9 The amount of the WQv stored in the filter chamber is calculated.  The remaining WQv must be stored in the sedimentation chamber. 
10 Enter the depth of the live storage volume in the sedimentation chamber. This is typically 1 to 3 feet.
11 The required sedimentation chamber area needed to store the remainder of the WQv is calculated here. 
12 Enter the square footage of the area draining to the media filter system (see Water Quality Volume and Water Quality Flow Rate Calculator for area).  
13 The ratio of the BMP area to the DMA is calculated here as a check of the sizing.  The size of media filters is typically between 3 to 6% of the impervious drainage area.
14 The time needed to drain the WQv is calculated here.  If the drain time is less than the desired time entered in Step 3, use outlet control, such as an orifice, to control the outflow. 
15


To Determine The Required Area for Flow-Based Media Filters
16 Enter the Water Quality Flow Rate (WQf) for the drainage management area. The WQf is calculated in Step 13 of the Water Quality Volume and Water Quality Flow Rate Calculator.
17


18


DEFINITIONS
Water Quality Volume (WQv)


Water Quality Flow Rate (WQf)


Infiltration Rate (f)


Porosity (n)


Fill Time (T) The time taken for water quality storm to fill the media filter storage area. 
Ponding Depth (Pd) The depth above the filter surface where runoff is ponded temporarily before filtering through the media. 
Depth of Engineered Soil (d) The depth of the filter media.
Hydraulic Conductivity (k) Measure of the ease in which water moves through a porous media, generally expressed as inches/hour.  
Drain Time (t) The time for the storage area to drain the water quality volume. 


Volume of void space to total volume.  This is expressed as a ratio, e.g. 0.35 means that one cubic foot of gravel contains 0.35 cubic feet of empty 
space.  


For volume-based sizing, use steps 1 through 15 to determine the required area of the media filter system. Volume-based filters provide a storage area to capture the WQv, and the filter area is sized to drain 
the WQv within the desired drain time. 
Filters sized using a flow-based approach are typically proprietary filters.  It is recommended that the manufacturer's instructions be used to size these systems.  However, a simplified calculator has also been
provided in steps 16 through 18 for added guidance. 


The runoff volume to be managed by the stormwater BMP such that treatment requirements are met. The WQv is calculated by the Water Quality 
Volume and Water Quality Flow Rate Calculator.
The required flow rate to be managed by the stormwater BMP such that the treatment requirements are met. The WQf is calculated by the Water 
Quality Volume and Water Quality Flow Rate Calculator.
The rate of water entry into the soil, generally expressed as inches/hour, and determined by geotechnical tests or estimated from soil maps. It equals 
the hydraulic conductivity of the soil times the hydraulic gradient. 


The minimum filter area is calculated here.  Pretreatment should also be provided.  Use the manufacturer's instructions to determine if other factors (e.g., expected sediment loading) will require an 
increased filter area. 


The default porosity and the design hydraulic conductivity of the filter media are entered here. The conductivity is based on using sand media. Unless another media is used, changing these default 
values is not recommended. 


For underdrained systems, the average discharge rate is calculated here based on the desired drain time.  


Enter the treatment capacity of the filter media. The capacity is typically provided by the manufacturer in gpm/ft2. A capacity around 1 gpm/ft2 is typical of zeolite/perlite/granular activated carbon 
(ZPG) filters. 
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RAINWATER HARVESTING CALCULATOR
This calculator determines the appropriate size for a water reuse cistern based on irrigation and non-potable demand. 


CALCULATOR
Part I - Calculate Irrigation Demand


1 Turf/Crop Area to be Irrigated 5,000  ft2


2 Crop Coefficient - Kc 0.8 cool season grasses = 0.8, warm season grasses = 0.6.  See CIMIS website for more information. 


3 Landscape Area to be Irrigated 5000  ft2


4 Species Factor - ks 0.5  <0.1 for very low, 0.1-0.3 for low, 0.4-0.6 for medium, 0.7-0.9 for high.  See Part II of Guide (DWR 2000).


5 Density Factor - kd 1  0.5-0.9 for low, 1 for average, 1.1-1.3 for high. See p. 18 of Guide (DWR 2000).
6 Microclimate Factor - k mc 1  0.5-0.9 for low, 1 for average, 1.1-1.4 for high. See p. 19 of Guide (DWR 2000).


7 Landscape Coefficient - K L 0.5  K L  = k s *k d *k mc


Total Irrigation Area 10,000  ft2


Average Coefficient 0.65
8 Irrigation Efficiency 0.90  Estimated efficiencies are 0.70 to 0.85 for spray, 0.9 for drip, 0.95 for subsurface drip. 
9 Site Location (ETo Zone) Eastern SF  Select Western if located in the Richmond, Sunset, or Lake Merced areas of San Francisco


10 Ave. Monthly Reference Actual Irrigation Demand
Rainfall Evapotranspiration Evapotranspiration % of  


in/month ETo ETL ft3/month gal/mo gpd annual
January 4.56 1.24 0.806 0
February 3.85 1.68 1.092 0
March 2.91 3.1 2.015 0
April 1.41 3.9 2.535 1,040 7,777 259 7%
May 0.63 4.65 3.0225 2,217 16,582 535 15%
June 0.22 5.1 3.315 2,865 21,434 714 20%
July 0.05 4.96 3.224 2,939 21,985 709 20%
August 0.11 4.65 3.0225 2,699 20,188 651 19%
September 0.37 3.9 2.535 2,004 14,992 500 14%
October 1.03 2.79 1.8135 721 5,394 174 5%
November 2.68 1.8 1.17 0
December 4.08 1.24 0.806 0
Totals 21.91 39.01 25.36 14,486 108,353


Part II - Calculate Indoor Non-Potable Demand - water use estimate approach is based on the LEED-NC reference manual (USGBC 2007) and SFPUC (2004) demand estimates


11 No. of Residential Units 5
Persons per Unit 2.1 typically ranges from 2 to 3, recommend 2.1 for multi-family, 2.7 for single family 


12 Number of FTEs 0 Use for commercial and industrial facilities
13 Number of Students/Visitors 0 Use for schools, museums, libraries, etc. 
14 Number of Retail Customers 0 Use for retail stores
15 Freq. of Residential Toilet Use 5.1 flush/person/day Recommend 5.1 for multi-family, 4.8 for single family 


Freq. of FTE Toilet Use 3.0 flush/person/day
Freq. of Student/Visitor Toilet Use 0.5 flush/person/day
Freq. of Customer Toilet Use 0.2 flush/person/day


16 Volume per Flush 1.6 gal/flush


17 Washing Machine Use 0.3 cycles/person/day Recommend 0.3 for multi-family, 0.37 for single family
Volume per Load 25.0 gal/cycle Recommend 15 for ultra-efficient and 35 for conventional (Energy Star 2008, SFPUC 2004)


18 Other Non-Potable Demand 0.0 gal/day Enter any additional non-potable demand, such as cooling water, industrial use, etc. 
19 Daily Reuse Demand 164 gal/day 


Monthly Reuse Demand 5,001 gal/month
Annual Reuse Demand 0.06 MG/yr


Month


Recommend 0.8 for ultra low-flow, 1.1 for low-flow, 1.6 for conventional built post-1995, 3.05 for 
conventional existing facilities built in 1995 or earlier.


Input cell =
Default value =


Calculation cell =


User enters value
User should only change value if able to provide explanation for adjustment
User should not change cell
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Part III - Calculate Cistern Size Based on Percent Capture


20 Ave. Runoff Coefficient 0.85 A value of 0.85 is recommended for roofs
21 Drainage Area 10,000 square ft


22 Cistern Size  10,000 gallons


Runoff Captured 48%
Non-Potable Demand Met by 
Rainwater Harvesting 33%


23 Additional BMPs Required? Yes If percent capture is less than 80%, additional BMPs will be needed to meet treatment requirements
24 Cistern Depth 5 ft


Cistern Surface Area 267 square ft


Assumes cistern is empty at the beginning of September
25 Runoff to Cistern Non-Potable Demand (gal/mo) Ending Cistern Water Captured Water Reused Overflow


ft3/month gal/month Irrigation Indoor Total Volume (gal) (gal/month) (gal/month) (gal/month)
September 262 1,962 14,992 5,001 19,994 0 1,955 1,955 0
October 733 5,482 5,394 5,001 10,396 0 5,462 5,462 0
November 1,902 14,226 0 5,001 5,001 9,172 14,173 5,001 53
December 2,892 21,634 0 5,001 5,001 10,000 5,830 5,001 15,805
January 3,231 24,169 0 5,001 5,001 10,000 5,001 5,001 19,167
February 2,724 20,372 0 5,001 5,001 10,000 5,001 5,001 15,371
March 2,059 15,404 0 5,001 5,001 10,000 5,001 5,001 10,403
April 1,000 7,482 7,777 5,001 12,779 4,675 7,454 12,779 0
May 445 3,329 16,582 5,001 21,584 0 3,316 7,991 0
June 156 1,167 21,434 5,001 26,435 0 1,163 1,163 0
July 35 263 21,985 5,001 26,986 0 262 262 0
August 76 570 20,188 5,001 25,190 0 568 568 0
Totals 15,516 116,060 108,353 60,017 168,370 55,187 55,187 60,798


Alternate Part III - Calculate Runoff Captured Based on Available Space


26 Cistern Depth 5 ft
Shape of Cistern Rectangular Select Circular or Rectangular
Cistern Length 15 ft
Cistern Width 15 ft


27 Cistern Surface Area 225 square ft
Cistern Volume 1,125 ft3


Cistern Volume 8,415 gallons
28 Ave. Runoff Coefficient 0.85


Drainage Area 10,000 square ft
29 Runoff Captured 46%


Non-Potable Demand Met by 
Rainwater Harvesting 32%


Assumes cistern is empty at the beginning of September
30 Runoff to Cistern Non-Potable Demand (gal/mo) Ending Cistern Water Captured Water Reused Overflow


ft3/month gal/month Irrigation Indoor Total Volume (gal) (gal/month) (gal/month) (gal/month)
September 262 1,962 14,992 5,001 19,994 0 1,947 1,947 0
October 733 5,482 5,394 5,001 10,396 0 5,440 5,440 0
November 1,902 14,226 0 5,001 5,001 8,415 13,416 5,001 809
December 2,892 21,634 0 5,001 5,001 8,415 5,001 5,001 16,633
January 3,231 24,169 0 5,001 5,001 8,415 5,001 5,001 19,167
February 2,724 20,372 0 5,001 5,001 8,415 5,001 5,001 15,371
March 2,059 15,404 0 5,001 5,001 8,415 5,001 5,001 10,403
April 1,000 7,482 7,777 5,001 12,779 3,060 7,424 12,779 0
May 445 3,329 16,582 5,001 21,584 0 3,303 6,363 0
June 156 1,167 21,434 5,001 26,435 0 1,158 1,158 0
July 35 263 21,985 5,001 26,986 0 261 261 0
August 76 570 20,188 5,001 25,190 0 566 566 0
Totals 15,516 116,060 108,353 60,017 168,370 53,521 53,521 62,383


Month


Enter cistern size, adjust volume until desired percent capture is met (typically 80%) or until 
100% of non-potable demand is met


Month
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INSTRUCTIONS


Part I - Calculating Irrigation Demand
1 Enter the square footage of the area to be irrigated that is covered by turfgrass or crops.  Note: 1 acre = 43560 ft 2.
2 Enter the crop coefficient for your site.  Cool season grasses= 0.8, warm season=0.6.  See the CIMIS website if more information is needed. Link to CIMIS
3 Enter the square footage of the landscaped area to be irrigated.  If no landscaped area, skip to Step 8. Note: 1 acre = 43560 ft 2.
4 Enter species factor based on type of plants used.  See A Guide to Estimating Landscape Planting Needs in California  (Guide) (DWR 2000) for more info. Link to Guide
5 Enter density factor based on plant coverage.  Full coverage of one vegetation type is considered average. See Guide  for more info. 
6 Enter microclimate factor based on site's exposure to sun and wind.  Open-field without extraordinary winds or heat inputs is considered average (e.g., a park). 
7 The landscape coefficient is calculated here.  It is a product of the species, density, and microclimate factors. 
8
9 Select whether the site is located in western or eastern San Francisco.  Sites located in the foggier western half of the city will have lower evapotranspiration values. 


10 The monthly irrigation demand is calculated in the table.  Reference evapotranspiration rates are from CIMIS (DWR 2005). 


Part II - Calculating Indoor Non-Potable Demand
11 Enter the number of residential units at the site and the average people per unit.  People per unit typically ranges from 2 to 3. 
12 For commercial and industrial sites, enter the number of full-time equivalents (FTEs) located on site.  An 8-hr/day occupant has an FTE of 1.  


Part-time occupants have an FTE = # hrs per day/8 hrs. 
13 For facilities such as schools, museums, and churches, enter the number of students or visitors  
14 For retail buildings, enter the number of customers. 
15 The default values for toilet flushes per day are given here. These values are based on the LEED-NC reference manual (USBGC 2007) and SFPUC demand estimates (SFPUC 2004). 
16
17 Enter the washing machine loads and gallons per load. The default loads per day is 0.3. Gallons per load ranges from 15 gallons for ultra-efficient to 35 for conventional.
18 Enter any additional non-potable demand in gallons per day. This includes industrial uses such as cooling or process water. 
19 The indoor non-potable demand is calculated here. 


Part III - Calculate Cistern Size to Meet Desired Percent Capture
20 Enter the runoff coefficient for the area draining to the cistern. A value of 0.85 is recommended for roofs. 
21 Enter the square footage of the area draining to the cistern. 
22 Enter a volume for the cistern.  Adjust the volume until the desired percent capture is met (typically at least 80%) or when 100% of non-potable demand is met.
23 If the cistern cannot capture the required percentage of annual runoff (typically at least 80%), then additional BMPs will be needed to manage runoff from the drainage area. 
24 Enter the depth of the cistern to find the surface area covered by the cistern. 
25 The estimated monthly runoff captured and reused by the cistern is shown in the table. 


Alternate Part III - Calculate Runoff Captured by Cistern Based on Available Area (Note: if percent capture is <80%, additional BMPs will be necessary)
26 Enter depth, shape, and length/diameter of the cistern. 
27 The surface area and volume of the cistern are calculated here.
28 Enter the runoff coefficient and square footage of the area draining to the cistern. A value of 0.85 is recommended for roofs. 
29 The runoff percent capture and the percent of non-potable demand are calculated here. 
30 The estimated monthly runoff captured and reused by the cistern is shown in the table. 


References
California Department of Water Resources (DWR). 2005. CIMIS Reference Evapotranspiration Zones . http://wwwcimis.water.ca.gov/cimis/pdf/CimisRefEvapZones.pdf
San Francisco Public Utilities Commission (SFPUC). 2004. Water Use Estimates. Source files: "householdcons.xls", "nonresconsump.xls". 


Part I calculates the monthly irrigation demand, Part II calculates the indoor non-potable demand, and Part III sizes the cistern. 


University of California Cooperative Extension and California Department of Water Resources (DWR). 2000.  A Guide to Estimating Landscape Planting Needs in California .  
United States Green Building Council. 2007. LEED New Construction v2.2 Reference Manual. Third Edition October 2007.


Enter irrigation efficiency.  Generally ranges from 0.7 to 0.95, with subsurface drip being the most efficient and spray irrigation the least efficient. Current San Francisco regulations require 


Other conditions not included in the Sizer may also effect irrigation water demand, such as soil salt concentration, soil evaporation rate, trees in turf, etc. If you feel these special conditions 


Enter the gallons per toilet flush. Recommended values based on LEED and SFPUC are 0.8 for ultra low-flow, 1.1 for low-flow, 1.6 for conventional post-1995 construction, 3.05 for 
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