




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') 
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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). 
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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. 
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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 
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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  
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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’
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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 
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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. 



 Stormwater Quality Design Manual for the Sacramento and South Placer Regions 
G–2 May 2007  

• 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/ 




