APPENDIX B:
STORMWATER MANAGEMENT DESIGN CRITERIA

TABLE B-1
DESIGN STORM RAINFALL AMOUNT
Source: NOAA Atlas 14 website, Doylestown Gage (36-2221)
http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html.

FIGURE B-1
ATLAS 14 TYPE 11 S-CURVES FOR ALL FREQUENCY STORMS -
DOYLESTOWN GAGE (36-2221)
Source: NOAA Atlas 14 website, Doylestown Gage (36-2221)

TABLE B-2
NATURAL RESOURCE PROTECTION STORMWATER MANAGEMENT
CONTROLS
Source: PA BMP Manual Chapter 8, pg 33

TABLE B-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 B-4
RUNOFF CURVE NUMBERS
Source: NRCS (SCS) TR-55

TABLE B-5
VOLUME CONTROL CALCULATION GUIDANCE FOR NONSTRUCTURAL
BMPS
Source: PA BMP Manual Chapter 8, pg 34

TABLE B-6
VOLUME CONTROL CALCULATION GUIDANCE FOR STRUCTURAL BMPS
Source: PA BMP Manual Chapter 8, pg 38

TABLE B-7
RATIONAL RUNOFF COEFFICIENTS
Source: New Jersey Department of Transportation, Technical Manual for Stream
Encroachment, August, 1984

TABLE B-8
MANNING ROUGHNESS COEFFICIENTS
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TABLE B-1
DESIGN STORM RAINFALL AMOUNT (INCHES)

The design storm rainfall amount chosen for design should be obtained from the National
Oceanic and Atmospheric Administration Atlas 14 interactive website:
http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html

Source: NOAA Atlas 14 website, Doylestown Gage (36-2221)
http://hdsc.nws.noaa.gov/hdsc/pfds/orb/pa_pfds.html

Precipitation Frequency Estimates (inches)

ARI* | 5 |10 |15 | 30 | 60 |120 12 10 | 20 | 30 | 45 | 60
(years) | min | min | min |min | min | min hr day | day | day | day | day

1 [0.34 |0.54 |0.68 [0.93 [1.15 [1.38 [1.51 |1.89 [2.30 [2.71 [3.13 [3.48 [4.07 |4.61 [6.23 |7.76 |9.85 [11.81
2 [0.40 |0.64 |0.81 [1.12 [1.40 |1.67 |1.83 [2.28 [2.78 [3.26 [3.78 |4.19 |4.87 [551 [7.39 |9.14 |11.57 [13.83
5 (047 [0.76 |0.96 [1.36 [1.75 [2.10 [2.30 [2.86 [3.50 [4.11 |4.76 [5.24 [6.02 [6.71 [8.81 [10.65[13.30 [15.78
10 [0.53 |0.84 |1.06 [1.54 [2.01 [2.42 [2.66 |3.32 |4.11 |4.81 [557 [6.09 |6.96 |7.68 |9.93 [11.83 [14.60 17.23
25 (059 (0.94 |1.19 |1.76 [2.34 [2.86 [3.15 [3.98 [4.99 [5.83 |6.71 [7.30 [8.30 [9.03 |[11.44 |13.36 [16.25 |19.04
50 [0.63 [1.00 [1.27 |1.92 [2.60 [3.21 [3.54 |4.52 [5.74 [6.70 [7.66 [8.29 [9.41 [10.11 [12.61 [14.52 [17.46 [20.35
100 |0.67 [1.07 [1.35 [2.07 [2.85 [3.56 [3.94 [5.09 |6.55 |7.63 [8.67 [9.33 [10.59 |11.23 [13.79 |15.66 |18.61 [21.57
200 [0.71 [1.13 |1.42 [2.21 (311 [3.92 [4.35 [5.69 [7.43 [8.64 |9.75 [10.44 |11.83 [12.39 14.98 |16.79 |19.69 |22.70
500 [0.76 [1.20 |1.51 [2.40 [3.44 [4.41 |4.90 [6.54 [8.73 [10.12 11.30 [12.01 [13.60 [14.00 [16.58 [18.23 [21.02 [24.08
1000 [0.79 |1.24 |1.56 [2.53 [3.69 |4.78 [5.34 [7.23 |9.82 [11.35 |12.57 [13.29 |15.04 [15.28 |17.80 [19.31 [21.96 [25.04

48 hr |4 day |7 day

‘24 hr

3hr ‘Ghr

* These precipitation frequency estimates are based on a partial duration series. ARI is the Average Recurrence Interval.
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http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
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http://hdsc.nws.noaa.gov/cgi-bin/hdsc/buildout.perl?type=pf&units=us&series=pd&statename=PENNSYLVANIA&stateabv=pa&study=orb&season=All&intype=1&plat=&plon=&liststation=DOYLESTOWN+++++++++++++++PA+%2C+36-2221&slat=lat&slon=lon&mlat=40.316&mlon=-74.650&elev=98
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FIGURE B-1
Atlas 14 Type 11 S-Curves for All Frequency Storms — Doylestown Gage (36-2221)
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TABLE B-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:
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TABLE B-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)

la

CN S| (0.2%s)

Runoff
(in)

Runoff
Volume
(ft)

Woodland

Meadow

Impervious

Total:

Developed Conditions:

Cover Type/Condition

Soil
Type

Area

(sf)

Area

(ac)

la

CN S| (0.2%s)

Runoff
(in)

Runoff
Volume
(ft)

Total:

2-year Volume Increase (ft%):
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TABLE B-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
FallowBaresoil e 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.
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TABLE B-5: VOLUME CONTROL CALCULATION GUIDANCE FOR
NONSTRUCTURAL BMPS

Type of Nonstructural BMP
AREA (sq ft) * Runoff (inches)* 1 foot/12 inches=  Volume Reduction (ft®)

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

Required Structural VVolume Control (ft®) = 2-year Volume Increase (ft*) [Table B-3] -
Nonstructural Volume Control (ft°) [Table B-5]

Section in
Type Proposed Structural BMP Area Storage
BMP Manual | (sqft) | Volume (cu ft)
Porous Pavement 6.4.1
Infiltration Basin 6.4.2
Infiltration Bed 6.4.3
Infiltration Trench 6.4.4
g/gg;?:;g;?gti/g; Rain Garden/Biorete_ntion 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 | Vegetative Roof 6.5.1
Reuse Capture and Re-use 6.5.2
Constructed Wetlands 6.6.1
Wet Pond / Retention
Runoff Quality Basin - 6.62
Dry Extended Detention
Basin 6.6.3
Water Quality Filters 6.6.4
Riparian Buffer
Restoration 6.7.1
Restoration Landscape Restoration /
Reforestation 6.7.2
Soil Amendment 6.7.3
Level Spreader 6.8.1
Other Special Storage Areas 6.8.2
other

Total Volume Control from Structural BMP’s:
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TABLE B-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 x 13 mm (2 2/3 in x 1/2 in) Corrugations 0.024
75 mm x 25 mm (3 in x 1 in) Corrugations 0.027
125 mm x 25 mm (5 in x 1 in) Corrugations 0.025
150 mm x 50 mm (6 in x 2 in) Corrugations 0.033

Helically Corrugated Steel And Aluminum
Alloy Pipe (Plain or polymer coated)

75 mm x 25 mm (3 in x 1 in), 125 mm x 25 mm (5 in x 1 in), or 0.024
150 mm x 50 mm (6 in x 2 in) Corrugations
Helically Corrugated Steel And Aluminum
Alloy Pipe (Plain or polymer coated)

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

a. Lower Coefficients*
450 mm (18 in) Diameter 0.014
600 mm (24 in) Diameter 0.016
900 mm (36 in) Diameter 0.019
1200 mm (48 in) Diameter 0.020
1500 mm (60 in) Diameter or larger 0.021
b. Higher Coefficients** 0.024
Annular or Helically Corrugated Steel or
Aluminum Alloy Pipe Arches or Other Non-Circular 0.024
Metal Conduit (Plain or Polymer coated)
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) 0.030 - 0.035
b. Dense Growth of Weeds 0.035 - 0.050
C. Some Weeds (Heavy brush on banks) 0.050 - 0.070

Notes:
* Use the lower coefficient if any one of the following conditions applies:
a.  Astorm 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.  Astorm pipe which is specially designed to perform under pressure.

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