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APPENDIX A: STORMWATER MANAGEMENT DESIGN CRITERIA 

TABLE A-1 

DESIGN STORM RAINFALL AMOUNT  

Source: NOAA Atlas 14 website, Ambler, Pennsylvania, US, Latitude: 40° 9’ 15.84”N, Longitude: 75° 13’ 15.6”W 

(40.1544,-75.2210) http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html 

 

TABLE A-2 

NATURAL RESOURCE PROTECTION STORMWATER MANAGEMENT CONTROLS 

Source:  PA BMP Manual Chapter 8, pg 33   

 

TABLE A-3  

GUIDANCE TO CALCULATE THE 2-YEAR, 24-HOUR VOLUME INCREASE FROM PRE-

DEVELOPMENT TO POST-DEVELOPMENT CONDITIONS 

Source:  PA BMP Manual Chapter 8, pg 37 

 

TABLE A-4 

RUNOFF CURVE NUMBERS 

Source:  NRCS (SCS) TR-55 

 

TABLE A-5  

VOLUME CONTROL CALCULATION GUIDANCE FOR NONSTRUCTURAL BMPS 

Source: PA BMP Manual Chapter 8, pg 34 

 

TABLE A-6 

VOLUME CONTROL CALCULATION GUIDANCE FOR STRUCTURAL BMPS 

Source: PA BMP Manual Chapter 8, pg 38 

 

TABLE A-7 

RATIONAL RUNOFF COEFFICIENTS 

Source: Rauls, W.J., S.L. Wong and R.H., McCuen, 1981, “Comparison of Urban Flood Frequency Procedures,” 

Preliminary Draft, U.S. Department of Agriculture, Soil Conservation Service, Beltsville, MD 

 

TABLE A-8 

MANNING ROUGHNESS COEFFICIENTS  

  



   

 
TABLE A-1 

 
 

DESIGN STORM RAINFALL 
 

DEPTH (INCHES) 

 

Frequency 
Rainfall Depth (P) 

(inch) Return Period 
Annual Exceedence 

Probability 

1 1.0 2.97 

2 0.5 3.58 

5 0.2 4.49 

10 0.1 5.25 

25 0.04 6.34 

50 0.02 7.27 

100 0.01 8.27 

 

Reference: 90% Confidence Interval Precipitation Frequency Estimates – Partial Duration (inches), NOAA National 

Weather Service Hydrometeorological Design Studies Center Atlas 14 Precipitation Frequency Data Server 

(http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html) for Ambler, Pennsylvania, US, Latitude: 40° 9’ 15.84”N, 

Longitude: 75° 13’ 15.6”W (40.1544,-75.2210)  . Last Revised December 1, 2015. 

 

INTENSITY (IN/HR) 

 

Duration 
Average Recurrence Interval (years) 

1 2 5 10 25 50 100 

5-min 4.51 5.36 6.31 6.98 7.79 8.36 8.92 

10-min 3.60 4.30 5.05 5.59 6.20 6.66 7.09 

15-min 3.00 3.60 4.26 4.71 5.24 5.62 5.97 

30-min 2.06 2.49 3.03 3.41 3.88 4.23 4.57 

60-min 1.28 1.56 1.94 2.22 2.59 2.87 3.15 

2-hr 0.77 0.93 1.17 1.35 1.59 1.78 1.97 

3-hr 0.56 0.68 0.86 0.99 1.17 1.31 1.46 

6-hr 0.35 0.43 0.54 0.62 0.74 0.84 0.95 

12-hr 0.22 0.26 0.33 0.38 0.46 0.53 0.61 

24-hr 0.12 0.15 0.19 0.22 0.26 0.30 0.35 

 

Reference: 90% Confidence Interval Precipitation Frequency Estimates – Partial Duration (inches/hour), NOAA 

National Weather Service Hydrometeorological Design Studies Center Atlas 14 Precipitation Frequency Data 

Server (http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html) for Ambler, Pennsylvania, US, Latitude: 40° 9’ 

15.84”N, Longitude: 75° 13’ 15.6”W (40.1544,-75.2210)  Last Revised December 1, 2015. 

 

 
 

  

http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html
http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html


   

TABLE A-2: NATURAL RESOURCE PROTECTION  

STORMWATER MANAGEMENT CONTROLS 

 

Existing Natural Sensitive 

Resource 

Mapped in 

the 

ERSAM?  

Yes/No/n/a 

Total Area 

(Ac.)  

Area to be 

Protected 

(Ac.)  

Waterbodies       

Floodplains       

Riparian Areas / Buffers       

Wetlands       

Vernal Pools    

Woodlands       

Natural Drainage Ways       

Steep Slopes, 15%-25%       

Steep Slopes, over 25%       

Other:        

Other:        

Total Existing:         

 

  



   

TABLE A-3: GUIDANCE TO CALCULATE THE 2-YEAR, 24-HOUR VOLUME INCREASE FROM PRE-

DEVELOPMENT TO POST-DEVELOPMENT CONDITIONS 

 

Existing Conditions: Cover 

Type/Condition 

Soil 

Type 

Area 

(sf) 

Area 

(ac) 
CN S 

Ia 

(0.2*S) 

Q    

Runoff 

(in) 

Runoff 

Volume 

(ft3) 

Woodland                 

Meadow                 

Impervious                 

Total:                   

         

Developed Conditions:          

Cover Type/Condition 

Soil 

Type 

Area 

(sf) 

Area 

(ac) 
CN S 

Ia 

(0.2*S) 

Q    

Runoff 

(in) 

Runoff 

Volume 

(ft3) 

                  

                  

                  

Total:                   

         

    2-year Volume Increase (ft3):   

 

  



   

 
TABLE A-4. Runoff Curve Numbers (from NRCS (SCS) TR-55) 

 

LAND USE DESCRIPTION              Hydrologic Condition              HYDROLOGIC SOIL GROUP                      

         A  B C D 
Open Space   

 Grass cover < 50%  Poor 68 79 86 89 

 Grass cover 50% to 75%  Fair 49 69 79 84 

 Grass cover > 75%  Good 39 61 74 80 

 

Meadow                                                                   30                58                 71               78 

 

Agricultural      

 Pasture, grassland, or range –  

   Continuous forage for grazing Poor 68 79 86 89 

 Pasture, grassland, or range –  

   Continuous forage for grazing. Fair 49 69 79 84 

 Pasture, grassland, or range –  

   Continuous forage for grazing Good 39 61 74 80 

 Brush-weed-grass mixture 

    with brush the major element. Poor 48 67 77 83 

 Brush-weed-grass mixture 

    with brush the major element. Fair 35 56 70 77 

 Brush-weed-grass mixture 

    with brush the major element. Good 30 48 65 73 

  

Fallow  Bare soil ------- 77 86 91 94 

             Crop residue cover (CR) Poor 76 85 90 93 

    Good 74 83 88 90 

Woods – grass combination  

(orchard or tree farm)  Poor 57 73 82 86 

     Fair 43 65 76 82 

    Good 32 58 72 79 

 

Woods   Poor 45 66 77 83 

    Fair 36 60 73 79 

    Good 30 55 70 77 

 

Commercial (85% Impervious) 89 92 94 95 

Industrial  (72% Impervious) 81 88 91 93 

Institutional (50% Impervious) 71 82 88 90 

 

Residential districts by average lot size: 

    % Impervious 

1/8 acre or less *                65 77 85 90 92 

(town houses) 

1/4 acre                  38 61 75 83 87 

1/3 acre                  30 57 72 81 86 

1/2 acre                  25 54 70 80 85 

1 acre                   20 51 68 79 84 

2 acres                  12 46 65 77 82 

Farmstead    59 74 82 86 

 

Smooth Surfaces (Concrete, Asphalt, 98 98 98 98 

Gravel or Bare Compacted Soil) 

Water     98 98 98 98 

Mining/Newly Graded Areas  77 86 91 94 

(Pervious Areas Only) 

*  Includes Multi-Family Housing unless justified lower density can be provided. 

Note: Existing site conditions of bare earth or fallow ground shall be considered as meadow when choosing a CN value. 

 



   

TABLE A-5: VOLUME CONTROL CALCULATION GUIDANCE FOR NONSTRUCTURAL BMPS 

 
   

 Type of Nonstructural BMP          

                                            

                                   AREA (sq ft)     *     Runoff   * 1/12  =      Volume Reduction(ft3) 

                                                                   Volume (in)                    

 

Use of Natural Drainage Feature  

Utilize natural flow _____sq ft * 1/4" * 1/12 = ________cu ft 

       pathways    

    

Minimum Soil Compaction   

Lawn _____sq ft * 1/3" * 1/12 = ________cu ft 

Meadow _____sq ft * 1/3" * 1/12 =  ________cu ft 

    

Protecting existing trees (not located in protected area)  

For trees within 20 feet of impervious cover:  

Tree Canopy _____sq ft * 1" * 1/12 =  ________cu ft 

For trees within 20-100 feet of impervious cover: 

Tree Canopy _____sq ft * 1/2" * 1/12 =  ________cu ft 

    

Rooftop Disconnection   

For runoff directed to pervious and/or vegetative areas where infiltration occurs 

Roof Area _____sq ft * 1/4" * 1/12 =  ________cu ft 

    

Impervious Disconnection    

For runoff from impervious surfaces such as streets and concrete directed to pervious and/or vegetative 

areas where infiltration occurs 

Impervious Area  _____sq ft * 1/4" * 1/12 =  ________cu ft 

 

    

Total Volume Reduction  ________cu ft 
 
* represents multiply  

  



   

TABLE A-6: VOLUME CONTROL CALCULATION GUIDANCE FOR STRUCTURAL BMPS 

 

       Required                     Nonstructural            Structural Volume 

Volume Control (ft3)  –  Volume Control (ft3)  =  Requirement (ft3)     

                Table A-3                                            Table A-5 

Type 

Proposed Structural BMP 

Section in 

BMP 

Manual 

Area 

(sq ft)  

Storage Volume 

(cu ft)  

Infiltration and / or 

Evapotranspiration  

Porous Pavement 6.4.1     

Infiltration Basin 6.4.2     

Infiltration Bed 6.4.3     

Infiltration Trench 6.4.4     

Rain Garden/Bioretention 6.4.5     

Dry Well/Seepage Pit 6.4.6     

Constructed Filter 6.4.7     

Vegetative Swale 6.4.8     

Vegetative Filter Strip 6.4.9     

Infiltration Berm 6.4.10     

Evaporation      

and / or Reuse 

Vegetative Roof 6.5.1     

Capture and Re-use 6.5.2     

Runoff Quality 

Constructed Wetlands 6.6.1     

Wet Pond / Retention 

Basin 6.6.2     

Dry Extended Detention 

Basin 6.6.3     

Water Quality Filters 6.6.4     

Restoration  

Riparian Buffer 

Restoration 6.7.1     

Landscape Restoration / 

Reforestation 6.7.2     

Soil Amendment 6.7.3     

Other 

Level Spreader 6.8.1     

Special Storage Areas 6.8.2     

other       
 
                    
                    
                 Total Volume Control from Structural BMPs: 
                    
                    
  



   

TABLE A-7: RATIONAL RUNOFF COEFFICIENTS 

By Hydrologic Soil Group and Overland Slope 

 
Storms less than 25-year

Land Use

0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+

Residential

1/8 acre lots 0.25 0.28 0.31 0.27 0.30 0.35 0.30 0.33 0.38 0.33 0.36 0.42

1/4 acre lots 0.22 0.26 0.29 0.24 0.29 0.33 0.27 0.31 0.36 0.30 0.34 0.40

1/3 acre lots 0.19 0.23 0.26 0.22 0.26 0.30 0.25 0.29 0.34 0.28 0.32 0.39

1/2 acre lots 0.16 0.20 0.24 0.19 0.23 0.28 0.22 0.27 0.32 0.26 0.30 0.37

1 acre lots 0.14 0.19 0.22 0.17 0.21 0.26 0.20 0.25 0.31 0.24 0.29 0.35

Industrial 0.67 0.68 0.68 0.68 0.68 0.69 0.68 0.69 0.69 0.69 0.69 0.70

Commercial 0.71 0.71 0.72 0.71 0.72 0.72 0.72 0.72 0.72 0.72 0.72 0.72

Streets 0.85 0.86 0.87 0.85 0.86 0.87 0.85 0.86 0.87 0.85 0.86 0.87

Cultivated Land 0.08 0.13 0.16 0.11 0.15 0.21 0.14 0.19 0.26 0.18 0.23 0.31

Pasture 0.12 0.20 0.30 0.18 0.28 0.37 0.24 0.34 0.44 0.30 0.40 0.50

Meadow 0.10 0.16 0.25 0.14 0.22 0.30 0.20 0.28 0.36 0.24 0.30 0.40

Forest 0.05 0.08 0.11 0.08 0.11 0.14 0.10 0.13 0.16 0.12 0.16 0.20

Open space, lawns 0.05 0.10 0.14 0.08 0.13 0.19 0.12 0.17 0.24 0.16 0.21 0.28

Parking, impervious 0.85 0.86 0.87 0.85 0.86 0.87 0.85 0.86 0.87 0.85 0.86 0.87

Storms 25-year & over

Land Use

0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+ 0-2% 2-6% 6%+

Residential

1/8 acre lots 0.33 0.37 0.40 0.35 0.39 0.44 0.38 0.42 0.49 0.41 0.45 0.54

1/4 acre lots 0.30 0.34 0.37 0.33 0.37 0.42 0.36 0.40 0.47 0.38 0.42 0.52

1/3 acre lots 0.28 0.32 0.35 0.30 0.35 0.39 0.33 0.38 0.45 0.36 0.40 0.50

1/2 acre lots 0.25 0.29 0.32 0.28 0.32 0.36 0.31 0.35 0.42 0.34 0.38 0.40

1 acre lots 0.22 0.26 0.29 0.24 0.28 34.00 0.28 0.32 0.40 0.31 0.35 0.46

Industrial 0.85 0.85 0.86 0.85 0.86 0.86 0.86 0.86 0.87 0.86 0.86 0.88

Commercial 0.88 0.88 0.89 0.89 0.89 0.89 0.89 0.89 0.90 0.89 0.89 0.90

Streets 0.95 0.96 0.97 0.95 0.96 0.97 0.95 0.96 0.97 0.95 0.96 0.97

Cultivated Land 0.14 0.18 0.22 0.16 0.21 0.28 0.2 0.25 0.34 0.24 0.29 0.41

Pasture 0.15 0.25 0.37 0.23 0.34 0.45 0.30 0.42 0.52 0.37 0.50 0.62

Meadow 0.14 0.22 0.30 0.20 0.28 0.37 0.26 0.35 0.44 0.30 0.40 0.50

Forest 0.08 0.11 0.14 0.10 0.14 0.18 0.12 0.16 0.20 0.15 0.20 0.25

Open space, lawns 0.11 0.18 0.20 0.14 0.19 0.26 0.18 0.23 0.32 0.22 0.27 0.39

Parking, impervious 0.95 0.96 0.97 0.95 0.96 0.97 0.95 0.96 0.97 0.95 0.96 0.97

HSG A HSG B HSG C HSG D

HSG A HSG B HSG C HSG D

 

 

Runoff Coefficients for general cover conditions (Residential, Industrial and Commercial) are applicable to drainage 

areas under 1 acre. For drainage areas 1 acre or more, a composite runoff coefficient shall be calculated. 

 

Reference: Rauls, W.J., S.L. Wong and R.H., McCuen, 1981, “Comparison of Urban Flood Frequency Procedures,” 

Preliminary Draft, U.S. Department of Agriculture, Soil Conservation Service, Beltsville, MD 

  



   

 
 

TABLE A-8. MANNING’S ROUGHNESS COEFFICIENTS 
DESCRIPTION Manning's n-value 

Smooth-wall Plastic Pipe 0.011 

Concrete Pipe 0.012 

Smooth-lined Corrugated Metal Pipe 0.012 

Corrugated Plastic Pipe 0.024 

Annular Corrugated Steel And Aluminum 

Alloy Pipe (Plain or polymer coated) 

68 mm × 13 mm (2 2/3 in × 1/2 in) Corrugations 

75 mm × 25 mm (3 in × 1 in) Corrugations 

125 mm × 25 mm (5 in × 1 in) Corrugations 

150 mm × 50 mm (6 in × 2 in) Corrugations 

 

 

0.024 

0.027 

0.025 

0.033 

Helically Corrugated Steel And Aluminum 

Alloy Pipe (Plain or polymer coated) 

75 mm × 25 mm (3 in × 1 in), 125 mm × 25 mm (5 in × 1 in), or 

150 mm × 50 mm (6 in × 2 in) Corrugations 

 

 

0.024 

Helically Corrugated Steel And Aluminum 

Alloy Pipe (Plain or polymer coated) 

68 mm × 13 mm (2 2/3 in × 1/2 in) Corrugations 

a. Lower Coefficients* 

 450 mm (18 in) Diameter 

 600 mm (24 in) Diameter 

 900 mm (36 in) Diameter 

 1200 mm (48 in) Diameter 

 1500 mm (60 in) Diameter or larger 

b. Higher Coefficients** 

 

 

 

 

0.014 

0.016 

0.019 

0.020 

0.021 

0.024 

Annular or Helically Corrugated Steel or 

Aluminum Alloy Pipe Arches or Other Non-Circular 

Metal Conduit (Plain or Polymer coated) 

 

0.024 

Vitrified Clay Pipe 0.012 

Ductile Iron Pipe 0.013 

Asphalt Pavement 0.015 

Concrete Pavement 0.014 

Grass Medians 0.050 

Grass – Residential 0.30 

Earth 0.020 

Gravel 0.030 

Rock 0.035 

Cultivated Areas 0.030 - 0.050 

Dense Brush 0.070 - 0.140 

Heavy Timber (Little undergrowth) 0.100 - 0.150 

Heavy Timber (w/underbrush) 0.40 

Streams: 

a. Some Grass And Weeds (Little or no brush) 

b. Dense Growth of Weeds 

c. Some Weeds (Heavy brush on banks) 

 

0.030 - 0.035 

0.035 - 0.050 

0.050 - 0.070 

 

Notes:   

* Use the lower coefficient if any one of the following conditions apply: 

a. A storm pipe longer than 20 diameters, which directly or indirectly connects to an inlet or manhole, located in 

swales adjacent to shoulders in cut areas or depressed medians. 

 b.      A storm pipe which is specially designed to perform under pressure. 

 

**Use the higher coefficient if any one of the following conditions apply: 

a. A storm pipe which directly or indirectly connects to an inlet or manhole located in highway pavement sections 

or adjacent to curb or concrete median barrier. 

 b.      A storm pipe which is shorter than 20 diameters long. 

 c.      A storm pipe which is partly lined helically corrugated metal pipe. 



   

APPENDIX  B: LOW IMPACT DEVELOPMENT (LID) PRACTICES 

 

ALTERNATIVE APPROACH FOR MANAGING STORMWATER RUNOFF 

Natural hydrologic conditions can be altered radically by poorly planned development practices, such as introducing 

unnecessary impervious surfaces, destroying existing drainage swales, constructing unnecessary storm sewers, and 

changing local topography.  A traditional drainage approach of development has been to remove runoff from a site 

as quickly as possible and capture it in a detention basin.  This approach leads ultimately to the degradation of water 

quality as well as expenditure of additional resources for detaining and managing concentrated runoff at some 

downstream location. 

 

The recommended alternative approach is to promote practices that will minimize post-development runoff rates and 

volumes and will minimize needs for artificial conveyance and storage facilities.  To simulate predevelopment 

hydrologic conditions, infiltration is often necessary to offset the loss of infiltration by the creation of impervious 

surfaces.  Preserving natural hydrologic conditions requires careful alternative site design considerations.  Site 

design practices include preserving natural drainage features, minimizing impervious surface area, reducing the 

hydraulic connectivity of impervious surfaces, and protecting natural depression storage.  A well-designed site will 

contain a mix of all those features.   

 

Sometimes regulations create obstacles for an applicant interested in implementing low impact development 

techniques on their site.  A municipality should consider examining their ordinances and amending the sections 

which limit LID techniques.  For example, a municipality could remove parking space minimums and establish 

parking space maximums to reduce the area of impervious surface required.  Other allowable regulations to promote 

LID includes permitting curb cuts or wheel stops instead of requiring curbs and allowing sumped landscaping where 

the runoff can drain instead of requiring raised beds.  These small changes to ordinances can remove the barriers 

which prevent applicants from pursuing LID practices.     

 

The following describes various LID techniques: 

 

1. Protect Sensitive and Special Value Resources: See Section 5.4 of the Pennsylvania Stormwater Best 

Management Practices Manual, Pennsylvania Department of Environmental Protection (PADEP) no. 363-

0300-002 (2006).  

 

a. Preserving Natural Drainage Features.  Protecting natural drainage features, particularly 

vegetated drainage swales and channels, is desirable because of their ability to infiltrate and 

attenuate flows and to filter pollutants.  However, this objective is often not accomplished in land 

development.  In fact, commonly held drainage philosophy encourages just the opposite pattern––

streets and adjacent storm sewers are typically located in the natural headwater valleys and swales, 

thereby replacing natural drainage functions with a completely impervious system.  As a result, 

runoff and pollutants generated from impervious surfaces flow directly into storm sewers with no 

opportunity for attenuation, infiltration, or filtration.  Developments designed to fit site topography 

also minimizes the amount of grading on site.   

 

b. Protecting Natural Depression Storage Areas.  Depressional storage areas either have no 

surface outlet or drain very slowly following a storm event.  They can be commonly seen as 



   

ponded areas in farm fields during the wet season or after large runoff events.  Traditional 

development practices eliminate these depressions by filling or draining, thereby obliterating their 

ability to reduce surface runoff volumes and trap pollutants.  The volume and release rate 

characteristics of depressions should be protected in the design of the development site.  The 

depressions can be protected by simply avoiding the depression or by incorporating its storage as 

additional capacity in required detention facilities. 

 

2. Reduce Impervious Coverage:  See Section 5.7 of the Pennsylvania Stormwater Best Management 

Practices Manual, Pennsylvania Department of Environmental Protection (PADEP) no. 363-0300-002 

(2006). 

 

a. Avoiding Introduction of Impervious Areas.  Careful site planning should consider reducing 

impervious coverage to the maximum extent possible.  Building footprints, sidewalks, driveways, 

and other features producing impervious surfaces should be evaluated to minimize impacts of 

runoff.   

 

b. Disconnecting Impervious Surfaces (DIA’s):  Impervious surfaces are significantly less of a 

problem if they are not directly connected to an impervious conveyance system (such as storm 

sewer).  Two basic ways to reduce hydraulic connectivity are routing of roof runoff over lawns 

and reducing the use of storm sewers.  Site grading should promote increasing travel time of 

stormwater runoff, and should help reduce concentration of runoff to a single point in the 

development. (See Appendix D for additional description)  

 

c. Reducing Street Widths.  Street widths can be reduced by either eliminating on-street parking or 

by reducing roadway widths.  Municipal planners and traffic designers should encourage narrower 

neighborhood streets which ultimately could lower maintenance. 

 

d. Limiting Sidewalks to One Side of the Street.  A sidewalk on one side of the street may suffice 

in low-traffic neighborhoods.  The lost sidewalk could be replaced with bicycle/recreational trails 

that follow back-of-lot lines.  Where appropriate, backyard trails should be constructed using 

pervious materials. 

 

e. Reducing Building Setbacks.  Reducing building setbacks reduces impervious cover associated 

with driveway and entry walks and is most readily accomplished along low-traffic streets where 

traffic noise is not a problem. 

 

1. Disconnect/Distribute/Decentralize: See Section 5.8 of the Pennsylvania Stormwater Best Management 

Practices Manual, Pennsylvania Department of Environmental Protection (PADEP) no. 363-0300-002 

(2006). 

  

a. Routing Roof Runoff Over Lawns.  Roof runoff can be easily routed over lawns in most site 

designs.  The practice discourages direct connections of downspouts to storm sewers or parking 

lots.  The practice also discourages sloping driveways and parking lots to the street.  By routing 

roof drains and crowning the driveway to run off to the lawn, the lawn is essentially used as a 

filter strip. 

 

b. Reducing the Use of Storm Sewers.  By reducing use of storm sewers for draining streets, 

parking lots, and back yards, the potential for accelerating runoff from the development can be 



   

greatly reduced.  The practice requires greater use of swales and may not be practical for some 

development sites, especially if there are concerns for areas that do not drain in a “reasonable” 

time.  The practice requires educating local citizens and public works officials, who expect runoff 

to disappear shortly after a rainfall event. 

 

2. Cluster and Concentrate:  See Section 5.5 of the Pennsylvania Stormwater Best Management Practices 

Manual, Pennsylvania Department of Environmental Protection (PADEP) no. 363-0300-002 (2006). 

Cluster developments can also reduce the amount of impervious area for a given number of lots.  The 

biggest savings occurs with street length, which also will reduce costs of the development. Cluster 

development “clusters” the construction activity onto less sensitive areas without substantially affecting the 

gross density of development. 

 

In summary, a careful consideration of the existing topography and implementation of a combination of the above 

mentioned techniques may avoid construction of costly stormwater control measures. Benefits include reduced 

potential of downstream flooding, water quality improvement of receiving streams/water bodies and enhancement of 

aesthetics and reduction of development costs.  Other benefits include more stable baseflows in receiving streams, 

improved groundwater recharge, reduced flood flows, reduced pollutant loads, and reduced costs for conveyance 

and storage. 

 

  



   

APPENDIX C - NONSTRUCTURAL PROJECT DESIGN CHECKLIST 
 

The goal of this checklist is to minimize the increases in stormwater runoff and impacts 

to water quality resulting from the proposed regulated activity: 

 

1. Prepare an Existing Resource and Site Analysis Map (ERSAM, see Section 301.B.)  

 

2. Establish a stream buffer according to Section 407. 

 

3. Prepare a draft project layout avoiding sensitive areas identified in Section 301. 

 

4. Identify site-specific existing conditions drainage areas, discharge points, recharge 

areas, and hydrologic soil groups A and B (areas conducive to infiltration). 

 

5. Evaluate nonstructural stormwater management alternatives (Section 404): 

a) Minimize earth disturbance. 

b) Minimize clearing operations (vegetation removal) 

c) Minimize impervious surfaces. 

d) Break up large impervious surfaces. 

 

6. Satisfy the groundwater recharge (infiltration) objective (Section 405) and provide for 

stormwater pretreatment prior to infiltration. 

 

7. Provide for water quality protection in accordance with Section 406 water volume 

control requirements. 

 

8. Provide stream bank erosion protection in accordance with Section 407 stream bank 

erosion requirements. 

 

9. Determine into what management district the site falls (Section 408) and conduct an 

existing conditions runoff analysis. 

 

10. Prepare final project design to maintain existing conditions drainage areas and 

discharge points, to minimize earth disturbance and impervious surfaces, and, to the 

maximum extent possible, to ensure that the remaining site development has no 

surface or point discharge. 

11.  
12. Conduct a proposed conditions runoff analysis based on the final design that meets 

the management district requirements (Section 408). 

13.  
14. Manage any remaining runoff prior to discharge through detention, bioretention, 

direct discharge, or other structural control. 

  



   

APPENDIX D: DISCONNECTED IMPERVIOUS AREA (DIA) 

ROOFTOP DISCONNECTION  

When rooftop downspouts are directed to a pervious area that allows for infiltration, filtration, and increased time of 

concentration, the rooftop may qualify as completely or partially DIA and a portion of the impervious rooftop area 

may be excluded from the calculation of total impervious area.  

 

A rooftop is considered to be completely or partially disconnected if it meets the requirements listed below:  

 

• The contributing area of a rooftop to each disconnected discharge is 500 square feet or less, and  

• The soil, in proximity of the roof water discharge area, is not designated as hydrologic soil group “D” or 

equivalent, and  

• The overland flow path from roof water discharge area has a positive slope of 5% or less.  

 

For designs that meet these requirements, the portion of the roof that may be considered disconnected depends on 

the length of the overland path as designated in Table C.1.  

 

Table C.1: Partial Rooftop Disconnection  

Length of Pervious Flow Path * Roof Area Treated as Disconnected 

(ft) (% of contributing area) 

0 – 14 0 

15 – 29 20 

30 – 44 40 

45 – 59 60 

60 – 74 80 

75 or more 100 

* Flow path cannot include impervious surfaces and must be at least 15 feet from any impervious surfaces.  

If the discharge is concentrated at one or more discrete points, no more than 1,000 square feet may discharge to any 

one point. In addition, a gravel strip or other spreading device is required for concentrated discharges. For non-

concentrated discharges along the edge of the pavement, this requirement is waived; however, there must be a 

provision for the establishment of vegetation along the pavement edge and temporary stabilization of the area until 

vegetation becomes stabilized. 
 

REFERENCE 

Philadelphia Water Department. 2006. Stormwater Management Guidance Manual. Section 4.2.2: 

Integrated Site Design. Philadelphia, PA.  
 

  



   

APPENDIX E: HOT SPOTS 

 

Hot spots are sites where the land use or activity produces a higher concentration of trace metals, hydrocarbons, or 

priority pollutants than normally found in urban runoff.   

 

1. EXAMPLES OF STORMWATER HOT SPOTS 

 
• vehicle salvage yards and recycling facilities   

• vehicle fueling stations  

• vehicle service and maintenance facilities  

• vehicle and equipment cleaning facilities  

• fleet storage areas (bus, truck, etc.)  

• industrial sites (based on Standard Industrial Codes defined by the U.S. Department of Labor)  

• marinas (service and maintenance)  

• outdoor liquid container storage  

• outdoor loading/unloading facilities  

• public works storage areas  

• facilities that generate or store hazardous materials  

• commercial container nursery  

• other land uses and activities as designated by an appropriate review authority  

 

2. LAND USE AND ACTIVITIES NOT NORMALLY CONSIDERED HOT SPOTS   
 

• residential streets and rural highways  

• residential development  

• institutional development  

• office developments  

• nonindustrial rooftops  

• pervious areas, except golf courses and nurseries (which may need an Integrated Pest Management 

(IPM) Plan). 

 

3. LIST OF ACCEPTABLE BMPs for Hot Spot Treatment:  The following BMP’s listed under the 

Best Management Practice column are BMPs appropriate for application on hot spot sites. BMPs 

which facilitate infiltration are prohibited by this ordinance. In many design manuals the BMPs with a 

* designation are designed with infiltration, however it is possible to design these without infiltration.  

 

The numbers listed under the Design Reference Number column correlate with the Reference Table 

which lists materials that can be used for design guidance.    

  

Best Management Practice Design Reference Number 

Bioretention* 4, 5, 11, 16 

Capture/Reuse  
4, 14 

Constructed Wetlands 
4, 5, 8, 10, 16 

Dry Extended Detention Ponds 
4, 5, 8, 12, 18 



   

Minimum Disturbance/ 

         Minimum Maintenance Practices 

1, 9 

Significant Reduction of Existing Impervious Cover 
N/A 

Stormwater Filters* (Sand, Peat, Compost, etc.) 
4, 5, 10, 16 

Vegetated Buffers/Filter Strips 
2, 3, 5, 11, 16, 17 

Vegetated Roofs 
4, 13 

Vegetated Swales* 
2, 3, 5, 11, 16, 17 

Water Quality Inlets (Oil/Water Separators, Sediment 

Traps/Catch Basin Sumps, and Trash/Debris Collectors in 

Catch Basins) 

4, 7, 15, 16, 19 

Wet Detention Ponds 
4, 5, 6, 8 

 

Reference Table 

Number Design Reference Title 

1 “Conservation Design For Stormwater Management – A Design Approach to 

Reduce Stormwater Impacts From Land Development and Achieve Multiple 

Objectives Related to Land Use”, Delaware Department of Natural Resources 

and Environmental Control, The Environmental Management Center of the 

Brandywine Conservancy, September 1997 

2 “A Current Assessment of Urban Best Management Practices:  Techniques for 

Reducing Nonpoint Source Pollution in the Coastal Zone”, Schueler, T. R., 

Kumble, P. and Heraty, M., Metropolitan Washington Council of 

Governments, 1992. 

3 “Design of Roadside Channels with Flexible Linings”, Federal Highway 

Administration, Chen, Y. H. and Cotton, G. K., Hydraulic Engineering 

Circular 15, FHWA-IP-87-7, McLean, Virginia, 1988. 

4 “Draft Stormwater Best Management Practices Manual”, Pennsylvania Department of 

Environmental Protection, January 2005. 

5 “Evaluation and Management of Highway Runoff Water Quality”, Federal 

Highway Administration, FHWA-PD-96-032, Washington, D.C., 1996. 

6 “Evaporation Maps of the United States”, U.S. Weather Bureau (now 

NOAA/National Weather Service) Technical Paper 37, Published by 

Department of Commerce, Washington D.C., 1959. 

7 “Georgia Stormwater Manual”, AMEC Earth and Environmental, Center for 

Watershed Protection, Debo and Associates, Jordan Jones and Goulding, 

Atlanta Regional Commission, Atlanta, Georgia, 2001. 

8 “Hydraulic Design of Highway Culverts”, Federal Highway Administration, 

FHWA HDS 5, Washington, D.C., 1985 (revised May 2005). 

9 “Low Impact Development Design Strategies An Integrated Design Approach, 

Prince Georges County, Maryland Department of Environmental Resources, 

June 1999. 

10 “Maryland Stormwater Design Manual”, Maryland Department of the 

Environment, Baltimore, Maryland, 2000. 

11 “Pennsylvania Handbook of Best Management Practices for Developing Areas”, 

Pennsylvania Department of Environmental Protection, 1998. 

12 “Recommended Procedures for Act 167 Drainage Plan Design”, LVPC, Revised 

1997. 

13 “Roof Gardens History, Design, and Construction”, Osmundson, Theodore.  New 

York:  W.W. Norton & Company, 1999. 

14 “The Texas Manual on Rainwater Harvesting”, Texas Water Development 



   

 

 

4. RECOMMENDED PRE-TREATMENT METHODS FOR “HOT SPOT” LAND USES:  The following 

table recommends what is considered the best pre-treatment option for the listed land use.  These methods are 

either a BMP or can be applied in conjunction with BMPs. 

 

Hot Spot Land Use Pre-treatment Method(s) 

Vehicle Maintenance and Repair Facilities including 

Auto Parts Stores 

-Water Quality Inlets 

-Use of Drip Pans and/or Dry Sweep Material Under 

Vehicles/Equipment 

-Use of Absorbent Devices to Reduce Liquid Releases 

-Spill Prevention and Response Program 

Vehicle Fueling Stations -Water Quality Inlets 

-Spill Prevention and Response Program 

Storage Areas for Public Works -Water Quality Inlets 

-Use of Drip Pans and/or Dry Sweep Material Under 

Vehicles/Equipment 

-Use of Absorbent Devices to Reduce Liquid Releases 

-Spill Prevention and Response Program 

-Diversion of Stormwater away from Potential 

Contamination Areas  

Outdoor Storage of Liquids -Spill Prevention and Response Program 

Commercial Nursery Operations -Vegetated Swales/Filter Strips 

-Constructed Wetlands 

-Stormwater Collection and Reuse 

Salvage Yards and Recycling Facilities* -BMPs that are a part of a Stormwater Pollution 

Prevention Plan under an NPDES Permit 

Fleet Storage Yards and Vehicle Cleaning 

Facilities* 

-BMPs that are a part of a Stormwater Pollution 

Prevention Plan under an NPDES Permit 

Facilities that Store or Generate Regulated 

Substances* 

-BMPs that are a part of a Stormwater Pollution 

Prevention Plan under an NPDES Permit 

Marinas* -BMPs that are a part of a Stormwater Pollution 

Prevention Plan under an NPDES Permit 

Certain Industrial Uses (listed under NPDES)* -BMPs that are a part of a Stormwater Pollution 

Prevention Plan under an NPDES Permit 

 

*Regulated under the NPDES Stormwater Program 

 

 

  

Board, Austin, Texas, Third Edition, 2005. 

15 “VDOT Manual of Practice for Stormwater Management”, Virginia 

Transportation Research Council, Charlottesville, Virginia, 2004. 

16 “Virginia Stormwater Management Handbook”, Virginia Department of 

Conservation and Recreation, Richmond, Virginia, 1999. 

17 “Water Resources Engineering”, Mays, L. W., John Wiley & Sons, Inc., 2005. 

18 “Urban Hydrology for Small Watersheds”, Technical Report 55, US Department 

of Agriculture, Natural Resources Conservation Service, 1986. 

19 US EPA, Region 1 New England web site (as of August 2005) 

http://www.epa.gov/NE/assistance/ceitts/stormwater/techs/html. 



   

APPENDIX F: WEST NILE VIRUS GUIDANCE 

 
(This source is from the Monroe County, PA Conservation District, who researched the potential of West Nile Virus 

problems from BMPs due to a number of calls they were receiving.) 
 

Monroe County Conservation District Guidance: 

Stormwater Management and West Nile Virus 

 

Source:  Brodhead McMichaels Creeks Watershed Act 167 Stormwater Management Ordinance Final Draft 

2/23/04 
 

The Monroe County Conservation District recognizes the need to address the problem of nonpoint source pollution 

impacts caused by runoff from impervious surfaces. The new stormwater policy being integrated into Act 167 

Stormwater Management regulations by the PA Department of Environmental Protection (PADEP) will make 

nonpoint pollution controls an important component of all future plans and updates to existing plans. In addition, to 

meet post-construction anti-degradation standards under the state National Pollution Discharge Elimination System 

(NPDES) permitting program, applicants will be required to employ Best Management Practices (BMPs) to address 

non-point pollution concerns. 

 

Studies conducted throughout the United States have shown that wet basins and in particular constructed wetlands 

are effective in traditional stormwater management areas such as channel stability and flood control, and are one of 

the most effective ways to remove stormwater pollutants (United States Environmental Protection Agency 1991, 

Center for Watershed Protection 2000). From Maryland to Oregon, studies have shown that as urbanization and 

impervious surface increase in a watershed, the streams in those watersheds become degraded (CWP 2000). 

Although there is debate over the threshold of impervious cover when degradation becomes apparent (some studies 

show as little as 6% while others show closer to 20%), there is agreement that impervious surfaces cause non-point 

pollution in urban and urbanizing watersheds, and that degradation is ensured if stormwater BMPs are not 

implemented. 

 

Although constructed wetlands and ponds are desirable from a water quality perspective there may be concerns 

about the possibility of these stormwater management structures becoming breeding grounds for mosquitoes. The 

Conservation District feels that although it may be a valid concern, municipalities should not adopt ordinance 

provisions prohibiting wet basins for stormwater management. 
 

Mosquitoes 
 

The questions surrounding mosquito production in wetlands and ponds have intensified in recent years by the 

outbreak of the mosquito-borne West Nile Virus. As is the case with all vector-borne maladies, the life cycle of 

West Nile Virus is complicated, traveling from mosquito to bird, back to mosquito and then to other animals 

including humans. Culex pipiens was identified as the vector species in the first documented cases from New York 

in 1999. This species is still considered the primary transmitter of the disease across its range. Today there are some 

60 species of mosquitoes that inhabit Pennsylvania. Along with C. pipiens, three other species have been identified 

as vectors of West Nile Virus while four more have been identified as potential vectors. 

 

The four known vectors in NE Pennsylvania are Culex pipiens, C. restuans, C. salinarius and Ochlerotatus 

japonicus. All four of these species prefer, and almost exclusively use, artificial containers (old tires, rain gutters, 

birdbaths, etc.) as larval habitats. In the case of C. pipiens, the most notorious of the vector mosquitoes, the dirtier 

the water the better they like it. The important factor is that these species do not thrive in functioning wetlands 

where competition for resources and predation by larger aquatic and terrestrial organisms is high.   

 

The remaining four species, Aedes vexans, Ochlerotatus Canadensis, O. triseriatus and O. trivittatus are currently 

considered potential vectors due to laboratory tests (except the O. trivittatus, which did have one confirmed vector 

pool for West Nile Virus in PA during 2002). All four of these species prefer vernal habitats and ponded woodland 

areas following heavy summer rains. These species may be the greatest threat of disease transmission around 



   

stormwater basins that pond water for more than four days. This can be mitigated however by establishing 

ecologically functioning wetlands. 

 

Stormwater Facilities 

 

If a stormwater wetland or pond is constructed properly and a diverse ecological community develops, mosquitoes 

should not become a problem. Wet basins and wetlands constructed as stormwater management facilities, should be 

designed to attract a diverse wildlife community. If a wetland is planned, proper hydrologic soil conditions and the 

establishment of hydrophytic vegetation will promote the population of the wetland by amphibians and other 

mosquito predators. In natural wetlands, predatory insects and amphibians are effective at keeping mosquito 

populations in check during the larval stage of development while birds and bats prey on adult mosquitoes.  

 

The design of a stormwater wetland must include the selection of hydrophytic plant species for their pollutant uptake 

capabilities and for not contributing to the potential for vector mosquito breeding. In particular, species of emergent 

vegetation with little submerged growth are preferable. By limiting the vegetation growing below the water surface, 

larvae lose protective cover and there is less chance of anaerobic conditions occurring in the water.  

 

Stormwater ponds can be designed for multiple purposes. When incorporated into an open space design a pond can 

serve as a stormwater management facility and a community amenity. Aeration fountains and stocked fish should be 

added to keep larval mosquito populations in check. 

 

Publications from the PA Department of Health and the Penn State Cooperative Extension concerning West Nile 

Virus identify aggressive public education about the risks posed by standing water in artificial containers (tires, trash 

cans, rain gutters, bird baths) as the most effective method to control vector mosquitoes.   

 

Conclusion 
 

The Conservation District understands the pressure faced by municipalities when dealing with multifaceted issues 

such as stormwater management and encourages the incorporation of water quality management techniques into 

stormwater designs. As Bucks and Montgomery Counties continue to grow, conservation design, groundwater 

recharge and constructed wetlands and ponds should be among the preferred design options to reduce the impacts of 

increases in impervious surfaces. When designed and constructed appropriately, the runoff mitigation benefits to the 

community from these design options will far out-weigh their potential to become breeding grounds for mosquitoes. 

 

  



   

APPENDIX G: SMALL PROJECT STORMWATER MANAGEMENT SITE PLAN 

This small project stormwater site plan has been developed to assist those proposing residential projects to meet the 

requirements of the Stormwater Management Ordinance without having to hire professional services to draft a 

formal stormwater management plan. This small project site plan is only permitted for residential projects proposing 

less than or equal to 2,000 square feet of impervious surface and less than 5,000 square feet of earth disturbance. 

 

A. What is an applicant required to submit?  

A brief description of the proposed stormwater facilities, including types of materials to be used, total square footage 

of proposed impervious areas, volume calculations, and a simple sketch plan showing the following information:  

 Location of proposed structures, driveways, or other paved areas with approximate surface area in square 

feet.  

 Location of any existing or proposed onsite septic system and/or potable water wells showing proximity to 

infiltration facilities.  

 Montgomery County Conservation District erosion and sediment control “Adequacy” letter as required by 

Borough, County or State regulations.  

  

B. Determination of Required Volume Control and Sizing Stormwater Facilities 

By following the simple steps outlined below in the provided example, an applicant can determine the runoff 

volume that is required to be controlled and how to choose the appropriate stormwater facility to permanently 

remove the runoff volume from the site. Impervious area calculations must include all areas on the lot proposed to 

be covered by roof area or pavement which would prevent rain from naturally percolating into the ground, including 

impervious surfaces such as sidewalks, driveways, parking areas, patios or swimming pools.  Sidewalks, driveways 

or patios that are designed and constructed to allow for infiltration are not included in this calculation.   

 

Site Plan Example:  Controlling runoff volume from a proposed home site  

 

Step 1: Determine Total Impervious Surfaces 

Impervious Surface   Area (sq. ft.)  

House Roof (Front) 14 ft. x 48 ft. = 672 sq. ft. 

House Roof (Rear) 14 ft. x 48 ft. = 672 sq. ft. 

Garage Roof (Left) 6ft. x 24 ft. = 144 sq. ft. 

Garage Roof (Right) 6 ft. x 24 ft. = 144 sq. ft. 

Driveway 12 ft. x 50 ft. = 1000 sq. ft. 

Walkway 4 ft. x 20 ft. = 80 sq. ft. 

   ----------------- 

 Total Impervious  3000 sq ft 

 

  



   

Stormwater BMPs 

1. Four tree plantings; controls 24 cu. ft. of runoff.   

2. Infiltration Trench; 3 ft. (D) x 6 ft. (W) x 28.3 ft. (L)  

3. Rain Garden; 225 sq. ft.  

4. Dry Well; 3.5 ft. (D) x 9 ft. (L) x 9 ft. (W)   

5. Protect existing trees; reduces required volume control by 

21 cu. ft.  

6. Minimize soil compaction; reduces required volume 

control by 13.8 cu. ft. if planted with meadow, and 10. 4 

cu. ft. if planted with lawn.  

Buck Property 

115 Buck Hill Drive 

Bucks City, PA  

Stormwater Facility Sketch Plan 

Submitted May 15, 2010 

 

Figure 1:  Sample Site Sketch Plan  
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Step 2: Determine Required Volume Control (cubic feet) using the following equation: 

 

Volume (cu. ft.) = (Total impervious area in square feet x 2 inches of runoff) /12 inches 

 

(3,000 sq. ft. x 2 inches of runoff) /12 inches = 500 cu. ft. 

 

Step 3: Sizing the Selected Volume Control BMP  

 

Several Best Management Practices (BMPs), as described below, are suitable for small stormwater management 

projects. However, their application depends on the volume required to be controlled, how much land is available, 

and the site constraints. Proposed residential development activities can apply both non-structural and structural 

BMPs to control the volume of runoff from the site. A number of different volume control BMPs are described 

below. Note that Figure 1 is an example of how these BMPs can be utilized in conjunction to control the total 

required volume on one site. 

 

Structural BMPs 

 

1. Infiltration Trench 

An Infiltration Trench is a linear stormwater BMP consisting of a continuously perforated pipe at a minimum slope 

in a stone-filled trench. During small storm events, infiltration trenches can significantly reduce volume and serve in 

the removal of fine sediments and pollutants. Runoff is stored between the stones and infiltrates through the bottom 

of the facility and into the soil matrix. Runoff should be pretreated using vegetative buffer strips or swales to limit 

the amount of coarse sediment entering the trench which can clog and render the trench ineffective.  In all cases, an 

infiltration trench should be designed with a positive overflow.   

 

Design Considerations:  

 Although the width and depth can vary, it is recommended that Infiltration Trenches be limited in depth to 

not more than six (6) feet of stone. 

 Trench is wrapped in nonwoven geotextile (top, sides, and bottom). 

 Trench needs to be placed on uncompacted soils. 

 Slope of the Trench bottom should be level or with a slope no greater than 1%. 

 A minimum of 6" of topsoil is placed over trench and vegetated. 

 The discharge or overflow from the Infiltration Trench should be properly designed for anticipated flows. 

 Cleanouts or inlets should be installed at both ends of the Infiltration Trench and at appropriate intervals to 

allow access to the perforated pipe.  

 Volume of facility = Depth x Width x Length x Void Space of the gravel bed (assume 40%). 

 

Maintenance:  

 Catch basins and inlets should be inspected and cleaned at least two times a year.  

 The vegetation along the surface of the infiltration trench should be maintained in good condition and any 

bare spots should be re-vegetated as soon as possible.   

 Vehicles should not be parked or driven on the trench and care should be taken to avoid soil compaction by 

lawn mowers.   

 

  



   

 

Figure 3: Infiltration Trench Diagram 

 
Source:  PA BMP Guidance Manual, Chapter 6, page 42. 

 

Figure 4: Example of Infiltration Trench Installation 

 
Source:  PA BMP Guidance Manual, Chapter 6, Page 46.   

 



   

Sizing Example for Infiltration Trench 

 

1. Determine Total Impervious Surface to drain to Infiltration Trench:   

Garage Roof (Left)  6 ft. x 24 ft. = 144 sq ft 

Driveway 12 ft. x 50 ft. = 1000 sq ft 

Walkway 4 ft. x 20 ft. = 80 sq ft 

 

2. Determine the required infiltration volume: 

 (1224 sq. ft. x 2 inches of runoff)/12 ft. = 204 cu. ft. / 0.4* = 510 cu. ft.                                           (*0.4 

assumes 40% void ratio in gravel bed)  

 

3. Sizing the infiltration trench facility:  

Volume of Facility = Depth x Width x Length  

 

Set Depth to 3 feet and determine required surface area of trench.   

 

510 cu. ft / 3 ft = 170 sq ft.  

 

The width of the trench should be greater than 2 times its depth (2 x D), therefore in this example the trench 

width of 6 feet selected. 

  

Determine trench length: L = 170 sq. ft. / 6 ft. = 28.3 ft.  

 

Final infiltration trench dimensions: 3 ft. (D) x 6 ft. (W) x 28.3 ft. (L)  

 

2. Rain Garden 

 

A Rain Garden is a planted shallow depression designed to catch and filter rainfall runoff. The garden captures rain 

from a downspout or a paved surface. The water sinks into the ground, aided by deep rooted plants that like both wet 

and dry conditions. The ideal location for a rain garden is between the source of runoff (roofs and driveways) and 

the runoff destination (drains, stream, low spots, etc).   

 

Design Considerations:  

 A maximum of 3:1 side slope is recommended. 

 The depth of a rain garden can range from 6 - 8 inches. Ponded water should not exceed 6 inches.    

 The rain garden should drain within 72 hours. 

 The garden should be at least 10-20 feet from a building’s foundation and 25 feet from septic system 

drainfields and wellheads. 

 If the site has clay soils, soil should be amended with compost or organic material.   

 Choose native plants.  See http://pa.audubon.org/habitat/PDFs/RGBrochure_complete.pdf for a native plant 

list. To find native plant sources go to www.pawildflower.org.   

 At the rain garden location, the water table should be at least 2' below the soil level. If water stands in an 

area for more than one day after a heavy rain you can assume it has a higher water table and is not a good 

choice for a rain garden.  

 

Maintenance: 

 Water plants regularly until they become established. 

 Inspect twice a year for sediment buildup, erosion and vegetative conditions. 

 Mulch with hardwood when erosion is evident and replenish annually.  

 Prune and remove dead vegetation in the spring season.  

 Weed as you would any garden.  

 Move plants around if some plants would grow better in the drier or wetter parts of the garden.   

http://pa.audubon.org/habitat/PDFs/RGBrochure_complete.pdf
http://www.pawildflower.org/


   

 

Figure 5:  Rain Garden Diagram 

 
Source: PA BMP Guidance Manual, Chapter 6 Page 50 

 

Sizing Example for Rain Garden 

 

1. Pick a site for the rain garden between the source of runoff and between a low lying area, a.k.a., a drainage 

area.   

 

2. Perform an infiltration test to determine the depth of the rain garden:   

 Dig a hole 8″  x 8″  

 Fill with water and put a popsicle stick at the top of the water level.   

 Measure how far it drains down after a few hours (ideally 4). 

 Calculate the depth of water that will drain out over 24 hours.   

 

3. Determine total impervious surface area to drain to rain garden:   

House Roof (Front)  14 ft. x 48 ft. = 672 sq ft 

 

 

 

4. Sizing the rain garden:  

 

For this example the infiltration test determined 6″ of water drained out of a hole in 24 hours.  The depth of 

the rain garden should be set to the results of the infiltration test so 6″  is the depth of the rain garden. The 

sizing calculation below is based on controlling 1″  of runoff. First divide the impervious surface by the 

depth of the rain garden.  

 

(672 sq ft / 6 ft.) = 112 sq. ft.  

 

In order to control 2″ of runoff volume, the rain garden area needs to be multiplied by 2.   

 

112 sq. ft. * 2 = 224 sq. ft. 

 

The rain garden should be about 225 sq. ft. in size and 6″ deep.   

 

3. Dry Well (a.k.a., Seepage Pit) 

 
A Dry Well, sometimes called a Seepage Pit, is a subsurface storage facility that temporarily stores and infiltrates 

stormwater runoff from the roofs of structures. By capturing runoff at the source, Dry Wells can dramatically reduce 

the increased volume of stormwater generated by the roofs of structures. Roof leaders connect directly into the Dry 

Well, which may be either an excavated pit filled with uniformly graded aggregate wrapped in geotextile, or a 

prefabricated storage chamber or pipe segment. Dry Wells discharge the stored runoff via infiltration into the 



   

surrounding soils. In the event that the Dry Well is overwhelmed in an intense storm event, an overflow mechanism 

(surcharge pipe, connection to a larger infiltration are, etc.) will ensure that additional runoff is safely conveyed 

downstream.    

 

Design Considerations:  

 Dry Wells typically consist of 18 to 48 inches of clean washed, uniformly graded 

aggregate with 40% void capacity (AASHTO No. 3, or similar). “Clean” gravel fill 

should average one and one-half to three (1.5 – 3.0) inches in diameter. 

 Dry Wells are not recommended when their installation would create a significant risk for 

basement seepage or flooding. In general, 10 - 20 feet of separation is recommended 

between Dry Wells and building foundations. 

 The facility may be either a structural prefabricated chamber or an excavated pit filled 

with aggregate.   

 Depth of dry wells in excess of three-and-a-half (3.5) feet should be avoided unless 

warranted by soil conditions.   

 Stormwater dry wells must never be combined with existing, rehabilitated, or new septic 

system seepage pits. Discharge of sewage to stormwater dry wells is strictly prohibited. 
 

Maintenance:  

 Dry wells should be inspected at least four (4) times annually as well as after large storm 

events.   

 Remove sediment, debris/trash, and any other waste material from a dry well. 

 Regularly clean out gutters and ensure proper connections to the dry well.   

 Replace the filter screen that intercepts the roof runoff as necessary.   
 

Figure 6:  Dry Well Diagram 

 
      Source: PA BMP Guidance Manual, Chapter 6, Page 65. 

 

Sizing Example for Dry Wells:  

 

1.  Determine contributing impervious surface area:  

 
House Roof (Rear)   14 ft. x 48 ft. = 672 sq. ft. 



   

 

2. Determine required volume control:  

 

(672 sq. ft. * 2 inches of runoff) / 12 inches = 112 cu. ft.    

 

  112 cu ft / 0.4 = 280 cu. ft. (assuming the 40% void ratio in the gravel bed)  

 

3. Sizing the dry well:   

 

Set depth to 3.5 ft; Set width equal to length for a square chamber. 

 

280 cu. ft. = 3.5 ft. x L x L; L = 9 ft.   

 

Dimensions = 3.5 ft. (D) x 9 ft. (L) x 9 ft. (W)   
  



   

Non-Structural BMPs  

 

1. Tree Plantings and Preservation 

 

Trees and forests reduce stormwater runoff by capturing and storing rainfall in the canopy and releasing water into 

the atmosphere through evapotranspiration. Tree roots and leaf litter also create soil conditions that promote the 

infiltration of rainwater into the soil. In addition, trees and forests reduce pollutants by taking up nutrients and other 

pollutants from soils and water through their root systems. A development site can reduce runoff volume by planting 

new trees or by preserving trees which existed on the site prior to development. The volume reduction calculations 

either determine the cubic feet to be directed to the area under the tree canopy for infiltration or determine a volume 

reduction credit which can be used to reduce the size of any one of the planned structural BMPs on the site.     

 

Tree Considerations:  

 Existing trees must have at least a 4″ trunk caliper or larger. 

 Existing tree canopy must be within 100 ft. of impervious surfaces. 

 A tree canopy is classified as the continuous cover of branches and foliage formed by a single tree or 

collectively by the crowns of adjacent trees.  

 New tree plantings must be at least 6 ft. in height and have a 2″ trunk caliper.   

 All existing and newly planted trees must be native to Pennsylvania. See 

http://www.dcnr.state.pa.us/forestry/commontr/commontrees.pdf for a guide book titled Common Trees of 

Pennsylvania for a native tree list.   

 When using trees as volume control BMPs, runoff from impervious areas should be directed to drain under 

the tree canopy.   

 

Determining the required number of planted trees to reduce the runoff volume: 

 

1. Determine contributing impervious surface area: 

Garage Roof (Right)  6 ft. x 24 ft. = 144  Sq ft 

 

2. Calculate the required control volume: 

(144 sq. ft. x 2 inches of runoff) / 12 inches = 24 cu. ft.  

 

3.  Determine the number of tree plantings:  

 

 A newly planted deciduous tree can reduce runoff volume by 6 cu. ft.   

 A newly planted evergreen tree can reduce runoff volume by 10 cu. ft.   

 

24 cu. ft./ 6 cu. ft.  = 4 Deciduous Trees   

 

Determining the volume reduction for preserving existing trees:   

 

1. Calculate approximate area of the existing tree canopy:   

 

~22 sq. ft. x ~23 sq. ft = 500 sq. ft.   

 

2. Measure distance from impervious surface to tree canopy: 35 ft.   

 

3. Calculate the volume reduction credit by preserving existing trees:  

 

 For Trees within 20 feet of impervious cover:  
Volume Reduction cu. ft. = (Existing Tree Canopy sq. ft.  x 1 inch) / 12   

http://www.dcnr.state.pa.us/forestry/commontr/commontrees.pdf


   

 For Trees beyond 20 feet but not farther than 100 feet from impervious cover:  
Volume Reduction cu. ft. = (Existing Tree Canopy sq. ft.  x 0.5 inch) / 12    

 
(500 sq. ft. x 0.5 inches) / 12 = 21 cu. ft. 

 

This volume credit can be utilized in reducing the size of any one of the structural BMPs planned on the 

site.  For example, the 21 cu. ft. could be subtracted from the required infiltration volume when sizing the 

infiltration trench;  

 

510 cu. ft – 21 cu. ft. = 489 cu. ft.  

 

489 cu. ft. / 3 ft (Depth) = 163 / 6 ft. (Width) = 27.1 ft (Length) 

 

Using the existing trees for a volume credit would decrease the length of the infiltration trench to 27.1 ft. 

instead of 28.3 ft.  

 

2. Minimize Soil Compaction and Replant with Lawn or Meadow 

 

When soil is overly compacted during construction it can cause a drastic reduction in the permeability of the soil and 

rarely is the soil profile completely restored.  Runoff from vegetative areas with highly compacted soils similarly 

resembles runoff from an impervious surface.  Minimizing soil compaction and re-planting with a vegetative cover 

like meadow or lawn, not only increases the infiltration on the site, but also creates a friendly habitat for a variety of 

wildlife species.   

 

Design Considerations:  

 Area shall not be stripped of topsoil. 

 Vehicle movement, storage, or equipment/material lay down shall not be permitted in areas 

preserved for minimum soil compaction.  

 The use of soil amendments and additional topsoil is permitted.   

 Meadow should be planted with native grasses.  Refer to Meadows and Prairies: Wildlife-Friendly 

Alternatives to Lawn at http://pubs.cas.psu.edu/FreePubs/pdfs/UH128.pdf for reference on how to 

properly plant the meadow and for a list of native species.   

 

 

Determining the volume reduction by minimizing soil compaction and planting a meadow:  

 

1.  Calculate approximate area of preserved meadow:  

~22 sq. ft. x ~23 sq. ft = 500 sq. ft.   

 

2. Calculate the volume reduction credit by minimizing the soil compaction and planting a lawn/meadow:  

 

 For Meadow Areas: Volume Reduction (cu. ft.) = (Area of Min. Soil Compaction (sq. ft.) x 1/3 

inch of runoff) / 12  

 

(500 sq. ft. x 1/3 inch of runoff) / 12 = 13.8 cu. ft.   

 

 For Lawn Areas: Volume Reduction (cu. ft.) = (Area of Min. Soil Compaction (sq. ft.) x 1/4 inch 

of runoff) / 12  

 

(500 sq. ft. x 1/4 inch of runoff) / 12 = 10.4 cu. ft.   

 

http://pubs.cas.psu.edu/FreePubs/pdfs/UH128.pdf


   

This volume credit can be used to reduce the size of any one of the structural BMPs on the site.   See explanation 

under the volume credit for preserving existing trees for details. 

   

Alternative BMP to Capture and Reuse Stormwater  

 

Rain Barrels 

 

Rain barrels are large containers that collect drainage from roof leaders and temporarily store water to be released to 

lawns, gardens, and other landscaped areas after the rainfall has ended. Rain barrels are typically between 50 and 

200 gallons in size. It is not recommended for rain barrels to be used as a volume control BMP because infiltration is 

not guaranteed after each storm event. For this reason, a rain barrel is not utilized in the site plan example.  

However, the information is included to provide an alternative for a homeowner to utilize when considering capture 

and reuse stormwater methods.    

 

Design Considerations:  

 Rain barrels should be directly connected to the roof gutter/spout. 

 There must be a means to release the water stored between storm events to provide the necessary storage 

volume for the next storm.  

 When calculating rain barrel size, rain barrels are typically assumed to be 25% full because they are not 

always emptied before the next storm.   

 Use screens to filter debris and cover lids to prevent mosquitoes.   

 An overflow outlet should be placed a few inches below the top with an overflow pipe to divert flow away 

from structures.   

 It is possible to use a number of rain barrels jointly for an area.   

 

 

 

 

 

Figure 2:  Rain Barrel Diagram and Examples 

 



   

 
  Sources: (top picture) http://www.citywindsor.ca/DisplayAttach.asp?AttachID=12348   

(bottom picture on left) http://repurposinglife.blogspot.com/2009/05/rainwater-harvesting.html 
                                        (bottom picture on right) http://www.floridata.com/tracks/transplantedgardener/Rainbarrels.cfm 
  

  

Sizing Example for a Rain Barrel 

 

1. Determine contributing impervious surface area: 

Garage Roof (Right)  6 ft. x 24 ft. = 144 sq ft 

 

2. Determine the amount of rainfall to be captured by the Rain Barrel. A smaller storm, no more than 2″, is 

recommended to calculate the runoff to be captured.  This example chose the 1″ storm event.  

 

3. Calculate the volume to be captured and reused:  

(144 sq. ft. x 1 inch of runoff )  / 12 inches = 12 cu. ft.  

 

4.  Size the rain barrel: 

 

1 cu. ft. = 7. 48 gallons  

 

12 cu. ft. x 7.48 = 90 gallons 

90 gallons x (0.25*) = 22.5 gallons (*assuming that the rain barrel is always at least 25% full)  

 

90 gallons + 22.5 gallons = 112 gallons    

 

The rain barrel or barrels should be large enough hold at least 112 gallons of water. 
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APPENDIX H:  OPERATION AND MAINTENANCE (O&M) AGREEMENT FOR 
STORMWATER MANAGEMENT BEST MANAGEMENT 
PRACTICES (SWM BMPs) 

 

THIS AGREEMENT, made and entered into this _______ day of ____________, 20___, by and 

between ____________________________________, (hereinafter the “Landowner”), and 

_____________________,___________________ County, Pennsylvania, (hereinafter “Borough”); 

WITNESSETH 

WHEREAS, the Landowner is the owner of certain real property as recorded by deed in the land records 

of ______________ County, Pennsylvania, Deed Book _______ at page ______, (hereinafter 

“Property”). 

WHEREAS, the Landowner is proceeding to build and develop the Property; and 

WHEREAS, the SWM Site Plan approved by the Borough (hereinafter referred to as the “Plan”) for the 

property identified herein, which is attached hereto as Appendix E and made part hereof, as approved by 

the Borough, provides for management of stormwater within the confines of the Property through the use 

of BMPs; and 

WHEREAS, the Borough, and the Landowner, his successors and assigns, agree that the health, safety, 

and welfare of the residents of the Borough and the protection and maintenance of water quality require 

that on-site SWM BMPs be constructed and maintained on the Property; and 

WHEREAS, the Borough requires, through the implementation of the SWM Site Plan, that stormwater 

BMPs as required by said Plan and the Borough Stormwater Management Ordinance be constructed and 

adequately operated and maintained by the Landowner, successors, and assigns. 

NOW, THEREFORE, in consideration of the foregoing promises, the mutual covenants contained 

herein, and the following terms and conditions, the parties hereto agree as follows: 

1. The Landowner shall construct the BMPs in accordance with the plans and specifications identified in 

the SWM Site Plan. 

2. The Landowner shall operate and maintain the BMPs as shown on the Plan in good working order in 

accordance with the specific maintenance requirements noted on the approved SWM Site Plan. 

3. The Landowner hereby grants permission to the Borough, its authorized agents and employees, to 

enter upon the property, at reasonable times and upon presentation of proper credentials, to inspect 

the BMPs whenever necessary. Whenever possible, the Borough shall notify the Landowner prior to 

entering the property. 

4. In the event the Landowner fails to operate and maintain the BMPs per paragraph 2, the Borough or 

its representatives may enter upon the Property and take whatever action is deemed necessary to 

maintain said BMP(s). It is expressly understood and agreed that the Borough is under no obligation 

to maintain or repair said facilities, and in no event shall this Agreement be construed to impose any 

such obligation on the Borough. 

5. In the event the Borough, pursuant to this Agreement, performs work of any nature, or expends any 

funds in performance of said work for labor, use of equipment, supplies, materials, and the like, the 



   

Landowner shall reimburse the Borough for all expenses (direct and indirect) incurred within 10 days 

of receipt of invoice from the Borough. 

6. The intent and purpose of this Agreement is to ensure the proper maintenance of the onsite BMPs by 

the Landowner; provided, however, that this Agreement shall not be deemed to create or affect any 

additional liability of any party for damage alleged to result from or be caused by stormwater runoff. 

7. The Landowner, its executors, administrators, assigns, and other successors in interests, shall release 

the Borough from all damages, accidents, casualties, occurrences, or claims which might arise or be 

asserted against said employees and representatives from the construction, presence, existence, or 

maintenance of the BMP(s) by the Landowner or Borough. 

8. The Borough shall inspect the BMPs at a minimum of once every three years to ensure their 

continued functioning. 

 

This agreement shall be recorded at the Office of the Recorder of Deeds of ________________ County, 

Pennsylvania, and shall constitute a covenant running with the Property and/or equitable servitude, and 

shall be binding on the Landowner, his administrators, executors, assigns, heirs, and any other successors 

in interests, in perpetuity. 

 

ATTEST: 

WITNESS the following signatures and seals: 

(SEAL)      For the Borough: 

 

 

__________________________________________ 

For the Landowner: 

 

 

__________________________________________ 

 

ATTEST: 

Borough of Ambler, Montgomery County, Pennsylvania 

I, ____________________________________, a Notary Public in and for the County and state aforesaid, 

whose commission expires on the _________ day of ______________, 20______, do hereby certify that 

______________________________________whose name(s) is/are signed to the foregoing Agreement 

bearing date of the __________day of _____________, 20______, has acknowledged the same before me 

in my said County and State. 

 

GIVEN UNDER MY HAND THIS _____________ day of _______________, 20_______. 

 

 

 

 

____________________________        __ _______________________________ 

NOTARY PUBLIC    (SEAL) 
 

 
 


