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PLAN FORMAT

The format of the Darbv-Cobbs Creek Stormwater Management Plan consists of Volume 1. the
Executive Summarv. Volume Il. the Plan Repvort. and Volume III that contains the backeround
technical materials.

Volume I nrovides an overview of Act 167 and a summarv of the standards and criteria
develoned for the nlan. Volume II. the Plan Report. provides an overview of stormwater
management. purnpose of the studv. data collection. all GIS mabs. present conditions. proiected
land develonment patterns. calculation methodoloev. the Model Ordinance. and imnlementation
discussion.

Volume III nrovides sunvorting data. watershed modeling parameters and modeling runs. peak
flows. release rates. the existineg municinal ordinance matrix. and obstructions inventorv. Due to
large volumes of data. one conv of Volume III will be on file at each of the Delaware Countv
Planning Department. the Chester Countv Planning Commission and Monteomerv Countv
Planning Commission. and Philadelphia Water Department offices.

The draft nlan’s fieures were in black and white. The final nlan will have color figures. Large-
scale copoies of the figures are at each countv planning office and the Philadelphia Water
Depnartment.



I. INTRODUCTION

This plan has been develoned for the Darbv and Cobbs Creeks Watershed in Delaware. Chester.
Montgomerv and Philadelphia Counties. Pennsvlvania to comnlv with the reauirements of the
Pennsvlvania Stormwater Management Act. Act 167. of 1978. The Darbv and Cobbs Creek
watersheds are two separate DEP Act 167-desienated watersheds. However. the Cobbs Creek is
actuallv a tributarv of Darbv Creek. In order to nrooerlv address stormwater management in the
Darbv Creek Watershed below the confluence of Cobbs and Darbv Creeks. it was determined
that both watersheds needed to be hvdrologicallv evaluated. One Act 167 nlan was. therefore.
developed encompassing the two watersheds. thus satisfving the Act 167 plannine reauirements
for both watersheds. For the purposes of this report. when the combined watersheds are being
formallv referenced such as in section headinegs. the text used to refer to them will read the
Darbv and Cobbs Creeks watershed. When the combined watersheds are being informallv
referenced such as in the text of the report. for ease of readine the acronvm used to refer to them
will be the Darbv-Cobbs watershed. Otherwise. thev will be referenced individuallv when
anpropriate to do so.

The main obiective of a stormwater management plan is to control stormwater runoff from new
development on a watershed-wide basis rather than on a site-bv-site basis. takineg into account
how develonment in anv nart of the watershed will affect stormwater runoff in all other narts of
the watershed.

I1. WATERSHED DESCRIPTION

The Darbv and Cobbs Creeks watersheds are two senarate DEP Act 167-desienated watersheds.
The Cobbs Creek is actuallv a tributarv of Darbv Creek. The two watersheds are located
primarilv in eastern Delaware Countv. The upper portion of the Darbv Creek watershed is
located in southeastern Chester Countv. The upper portion of the Cobbs Creek watershed is
located in southwestern Monteomerv Countv. and it flows throueh southwestern Philadelphia
Countv. The Darbv-Cobbs watershed lies within twentv-six (26) municinalities in Delaware
Countv. two (2) municipalities in Chester Countv. two (2) municinalities in Monteomerv
Countv. and (1) municinalitv in Philadelphia Countv as follows:

Delaware Countv

Aldan Borough Morton Boroueh
Clifton Heights Borough Newtown Townshin
Collinedale Borough Norwood Borough
Colwvn Borough* Prospect Park Borough
Darbv Borough* Radnor Townshin
Darbv Townshin* Ridlev Townshin

East Lansdowne Borough (Cobbs onlv) Ridlev Park Borough
Folcroft Borough Rutledege Borough
Glenolden Borough Sharon Hill Borough
Haverford Townshin* Sorinefield Townshin
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Lansdowne Borough* Tinicum Townshin
Marnle Townshin Uvpper Darbv Townshin*
Millbourne Borough (Cobbs onlv) Yeadon Borough*

Chester Countv

Easttown Townshin
Tredvffrin Townshin

Montgomerv Countv
Lower Merion Townshin
Narberth Borough (Cobbs onlv)

Philadelphia Countv
Citv of Philadelpnhia

* In both the Darbv Creek and Cobbs Creek watersheds

Darbv Creek drains a total watershed area of anproximatelv 77.2 sauare miles and includes the
followine maior tributaries: Little Darbv Creek. Julip Run. Ithan Run. Meadowbrook Run.
Wigwam Run. Foxes Run. and Muckininates Creek. Approximatelv 39.6 sauare miles of the
Darbv Creek watershed are unstream of its confluence with Cobbs Creek. Cobbs Creek. a maior
tributarv of Darbv Creek. has a drainage area of 22.2 sauare miles. Annroximatelv 15.4 sauare
miles of the Darbv Creek watershed are located below its confluence with Cobbs Creek. Darbv
Creek flows into the Delaware River iust south of Little Tinicum Island.

1. METHODOLOGY

The engineer for the proiect is Borton-Lawson Engineerine. Inc. The nlan was develoned from
data collected on the phvsical features of the watershed. such as soils. wetlands. tobographv.
floodnlains. dams and reservoirs. stream dimensions. and obstructions. Information on existing
nroblem areas was solicited from the Watershed Planning Advisorv Committee (WPAC) which
consisted of reoresentatives from the 31 municinalities as well as other interested parties
including Countv Conservation Districts. Darbv Creek Vallev Association (DCVA). and others.
Although the nlan is not geared toward solving existing nroblems. knowine where and whv thev
exist aided the engineer in develoning the subwatersheds. identifving noints of interests. and
understanding the hvdrologic flow of the watershed as a whole. Information on existine land use
and zonine was also collected. This helped the engineer to determine where and to what extent
future develonment would take nlace. All of this data was comniled into a geogranhic
information svstem (GIS) database.

The computer model used for the proiect was the US Armv Corps of Enegineers Hvdrologic
Engineerine Center Hvdrologic Modeling Svstem (HEC-HMS). This model was chosen for the
pnroiect because it can be easilv adanted to an urban and/or rural area. it has the abilitv to analvze
reservoir or detention basin-routing effects. and it is acceoted bv the Department of
Environmental Protection. To eain a realistic victure of what occurs in the Darbv-Cobbs
watershed. the model was calibrated against actual stream flow data. regression models. as well
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as data from the Federal Emergencv Management Administration (FEMA) and the U.S. Armv
Corns of Engineers.

The process of determining how runoff flows throughout the watershed is a comnlex one. It
involves running numerous scenarios through the model taking into account the location of
obstructions and tributarv confluences. This process produced a few laree subbasins. which were
then further subdivided. The most downstream noint of each of these areas is considered a “point
of interest” in which increased runoff must be analvzed for its notential impnact.

Another aspect of the analvsis involves modeline desien storms. This term refers to assigning a
freauencv to a storm based on the amount of rain that falls over a 24-hour neriod. As the amount
of rain falline over a 24-hour neriod increases. the freauencv or chance of that storm occurring
decreases. For example. 2.64 inches of rain falling over a 24-hour veriod is associated with the
1-vear desien storm. while the occurrence of 6.24 inches falline over a 24-hour period hanpoens
theoreticallv onlv everv 25 vears. For this studv. the 1. 2. 5. 10. 15. 20. 25. 50. and 100-vear
storms were modeled.

To make impnlementation of the nlan viable bv the municinalities. a simple. but accurate method
was develoned for municinal officials. engineers. and develoners to abide bv the nlan. The
watershed was divided into four (4) stormwater management districts and assiened the following
provosed condition/existing condition runoff rates for each as indicated in followine pnlan table.

TABLE V-3
Stormwater Management Districts In The Darbv-Cobbs Creek Watershed
District Pronosed Condition (reduce to) Existineg Condition
Desien Storm Desien Storm
A 2 - vear 1 - vear
5 - vear 5 - vear
10 - vear 10 - vear
25 - vear 25 - vear
100-vear 100-vear
B-1 2 - vear 1- vear
10 - vear 5 - vear
25 - vear 10 - vear
50- vear 25- vear
100-vear 100-vear
B-2 2 - vear 1- vear
5 - vear 2 - vear
25 - vear 5 - vear
50- vear 10- vear
100 - vear 100 - vear
C* Provisional Direct Discharge District

* In District C. develobment sites which can discharee directlv to the Darbv — Cobbs Creek main
channel or maior tributaries or indirectlv to the main channel throueh an existine stormwater
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Iv.

drainace svstem (i.e.. storm sewer or tributarv) mav do so without control of nost-develonment neak
rate of runoff ereater than the 5-vear storm. Sites in District C will still have to comnlv with the
oroundwater recharee criteria. the water aualitv criteria. and streambank erosion criteria. If the
post-development runoff is intended to be conveved bv an existing stormwater drainage svstem to the
main channel. assurance must be provided that such svstem has adeauate cavacitv to convev the
flows ereater than the 2-vear predevelopment peak flow or will be provided with improvements to
furnish the reauired capacitv. When adeauate capacitv in the downstream svstem does not exist and
will not be provided through improvements. the post-develobment peak rate of runoff must be
controlled to the pre-develobment peak rate as reauired in District A provisions (i.e.. 10-vear post-
develobment flows to 10 pre-develobment flows) for the specified desion storms.

All regulated activities not otherwise exemnt from the ordinance are reauired to imnlement
water aualitv controls as defined bv the ordinance. Generallv. thev are as follows:

1. Provide infiltration capacitv for the net increase in the 2 vear-volume of runoff from the
develonment site in Excentional Value (EV) and High Oualitv (HO) watersheds. In other
areas (or if this cannot be phvsicallv accomnlished in EV and HO watersheds). a lesser
volume of infiltration can be provided based ubon capturing and infiltrating one inch of
runoff from all new impervious surfaces. but under no conditions should the infiltration
canacitv nrovided on the site be less than the minimum of 0.50 inches of runoff from
imnervious surfaces. The infiltration volume does not have to be nrovided in one
location. However. if site conditions preclude canture of runoff from portions of the
impervious area. the infiltration volume for the remaining area should be increased an
eauivalent amount to offset the loss.

2. If site conditions preclude use of infiltration facilities for such reasons as high
oroundwater tables or extensive rock conditions. a waiver from Section 405.
Groundwater Recharge. would be reauired bv the Municinalitv.

3. Provide buffer areas on perennial or intermittent streams passing throueh the site. The
buffer areas are recommended to be at least fiftv (50) feet wide: municipalities mav set a
lower figure. but never less than ten (10) feet wide. The buffer shall be maintained with
and encouraged to use annronriate native vegetation.

4. If none of the above ontions are feasible due to site constraints. the apolicant must
nrovide stormwater detention that meets the release rate criteria for the site location or
else obtain annroval from the municinal Enegineer to imnlement other BMPs that will
provide water aualitv benefits of an eauivalent level.

5. Exemnted activities as defined bv the ordinance are still encouraged to imnlement

voluntarv stormwater management practices as indicated in Aonendix B of the Model
Ordinance.

EXEMPTIONS

Exemntions for land use activities include:
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1. Use of land for gardening for home consumntion.

2. Agriculture when ooerated in accordance with a conservation plan. nutrient management
plan. or erosion and sedimentation control plan approved bv the Countv Conservation
District. including activities such as erowing crops. rotatine croos. tilline of soil. and erazing
animals. Installation of new or exnansion of existing farmsteads. animal housing. waste
storage. and nroduction areas having imnervious surfaces that result in a net increase in earth
disturbance of ereater than five thousand (5.000) sauare feet shall be subiect to the
provisions of this Ordinance.

3. Forest management onerations which are following the Denartment of Environmental
Protection’s (DEP) management practices contained in its publication “Soil Erosion and
Sedimentation Control Guidelines for Forestrv”’ and are overating under an abnroved erosion
and sedimentation nlan and must comnlv with the stream buffer reauirements in Section
406.G.

4. Road renlacement. develobpment. or redevelonment that has less than two thousand (2.000)
sauare feet of new. additional. or renlaced imnervious surface/cover. or in the case of earth
disturbance onlv. less than five thousand (5.000) sauare feet of disturbance. is exemnt from
this Ordinance.

The following land develonment and earthmoving activities are exemnt from the drainage plan
submission reauirements of this Ordinance.

1. A maximum of two thousand (2.000) sauare feet of new. additional. or renlacement nronosed
impervious surface.

Or in the case of earth disturbance resulting in less than two thousand (2.000)
sauare feet of imnervious cover (as noted above)

2. Up to a maximum of five thousand (5.000) sauare feet of disturbed earth.

These criteria shall anolv to the total develobment even if the development is to take nlace in
phases. The date of the municinal Ordinance adontion shall be the starting noint from which to
consider tracts as “parent tracts” unon which future subdivisions and resnective earth disturbance
computations shall be cumulativelv considered.

V. NPDES REGULATIONS

New Federal regulations annroved October 1999 reauire onerators of small municinal separate
storm sewer svstems (MS4s) to obtain NPDES Phase II (National Pollutant Discharee
Elimination Svstem Phase II Stormwater Permitting Regulations) nermits from DEP bv March
2003. This program affects all municinalities in “urbanized areas” of the State. This definition
anplies to all Darbv-Cobbs Creeks watershed municinalities. Therefore. all municinalities within
the Darbv-Cobbs Creeks watershed will be subiect to the NPDES Phase Il reauirements
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mandated bv the Federal Clean Water Act as administered bv DEP. For more information on
NPDES II reauirements. contact the DEP Regional Office.

VI. IMPLEMENTATION

All municinalities within the watershed will be reauired to adont the nrovisions of the Darbv-
Cobbs Creeks Stormwater Management Plan’s Model Ordinance. The standards and criteria
contained in this ordinance will apolv onlv to those portions of the municioalitv that are located
within the boundaries of the Darbv-Cobbs watershed. The areas outside of the watershed will
still be regulated bv the municinalitv’s subdivision/land develonment ordinance unless otherwise
written so as to annlv to other areas of the municinalitv.

Countv adontion of the plan is exnected to occur in June 2005. Once this occurs. the nlan will be

sent to DEP to be anoroved. All of the municinalities will be reauired to adont the model
ordinance nrovisions within six (6) months of DEP anoroval.
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PLAN FORMAT

The format of the Darbv-Cobbs Creek Stormwater Management Plan consists of Volume 1. the
Executive Summarv: Volume 11. the Plan Report that includes GIS mans and the Model Ordinance:
and Volume I1I that contains the backeround technical materials.

Volume I nrovides an overview of Act 167 and a summarv of the standards and criteria develoned
for the Plan. Volume II. the Plan Revort provides an overview of stormwater management. purpose
of the studv. data collection. present conditions. proiected land development natterns. calculation
methodologv. and ordinance nrovisions and imnlementation discussion.

Volume III nrovides supporting data. watershed modeling parameters and modeling runs. peak
flows. release rates. the existine municinal ordinance matrix. and obstructions inventorv. Due to
large volumes of data. one conv of Volume III will be on file at each of the Delaware Co. Planning
Denartment. the Chester Countv Planning Commission and Montgomerv Countv Planning
Commission offices. and the Philadelphia Water Department.

The Draft Plan’s figures were in black and white. The Final Plan contains color fieures. Large-
scale color conies of the figures are at the Delaware Countv Planning Department office.

Definitions for stormwater related terms or phrases can be found in Article II of the Model
Ordinance. Aonendix 3.

Januarv 2005 Draft



RESOLUTION

WHEREAS. the Stormwater Management Act 167 of 1978 nrovides for the regculation of land and
water use for flood control and stormwater management. reauires the Pennsvlvania Department of
Environmental Protection to designate watersheds. and nrovides for grants to be annronriated and administered
bv the Department for plan preparation and implementation costs. and provides that each countv will prepare
and adont a watershed stormwater management nlan for each designated watershed: and

WHEREAS. the Delaware Countv Council entered into contract with the Pennsvlvania Department of
Environmental Protection to developo the watershed stormwater management nlan for the Darbv and Cobbs
Creeks designated watershed: and

WHEREAS. the purnose of the Darbv and Cobbs Creeks Watershed Stormwater Management Plan is
to nrotect public health and safetv and to nrevent or mitigate the adverse impacts related to the convevance of
excessive rates and volumes of stormwater runoff bv nrovidine for the management of stormwater runoff and
control of erosion and sedimentation: and

WHEREAS. design criteria and standards of stormwater management svstems and facilities within the
Darbv and Cobbs Creeks Watershed shall utilize the criteria and standards as found in the watershed
stormwater management plan:

NOW. THEREFORE. BE IT RESOLVED that the Delaware Countv Council herebv adopts the Darbv
and Cobbs Creeks Watershed Stormwater Management Plan. includine all volumes. figures. anpendices.
model ordinance. and forwards the Plan to the Stormwater Management Section of the Pennsvlvania

Denartment of Environmental Protection for anproval.

This Resolution is herebv adonted this dav of . 2005 bv:

DELAWARE COUNTY COUNCIL
Tim Murtaugh. Chairman

Andrew J. Reillv. Vice Chairman
Linda A. Cartisano

Marv Alice Brennan

Michael V. Punnio. Jr.



RESOLUTION

WHEREAS. the Stormwater Management Act 167 of 1978 nrovides for the regulation of land and
water use for flood control and stormwater management. reauires the Pennsvlvania Debpartment of
Environmental Protection to designate watersheds. and provides for grants to be aborooriated and administered
bv the Department for nlan nrenaration and implementation costs. and provides that each countv will prepare
and adont a watershed stormwater management nlan for each designated watershed: and

WHEREAS. the Chester Countv Commissioners entered into a Memorandum of Understanding with
Delaware Countv to sunport the develonment of the watershed stormwater management nlan for the Darbv and
Cobbs Creeks desienated watershed: and

WHEREAS. nolicies of the Chester Countv Comnrehensive Plan Landscapes. calls for the reduction
of nublic costs from flood damage and the nrotection of water aualitv in streams: and

WHEREAS. the nurnose of the Darbv and Cobbs Creeks Watershed Stormwater Management Plan is
to nrotect nublic health and safetv and to nrevent or mitigate the adverse imnacts related to the convevance of
excessive rates and volumes of stormwater runoff bv providing for the management of stormwater runoff and
control of erosion and sedimentation: and

WHEREAS. design criteria and standards of stormwater management svstems and facilities within the
Darbv and Cobbs Creeks Watershed shall utilize the criteria and standards as found in the watershed
stormwater management plan:

NOW. THEREFORE. BE IT RESOLVED that the Chester Countv Commissioners herebv adont the
Darbv and Cobbs Creeks Watershed Stormwater Management Plan. including all volumes. figures.
annendices. model ordinance. and forward the Plan to the Stormwater Management Section of the

Pennsvlvania Devartment of Environmental Protection for anoroval.

This Resolution is herebv adonted this dav of .2005 bv:

CHESTER COUNTY COMMISSIONERS
Carol Aichele
Andrew E. Dinniman

Donald Mancini



RESOLUTION

WHEREAS. the Stormwater Management Act 167 of 1978 nrovides for the regulation of land and
water use for flood control and stormwater management. reauires the Pennsvlvania Debpartment of
Environmental Protection to designate watersheds. and provides for grants to be aborooriated and administered
bv the Department for nlan nrenaration and implementation costs. and provides that each countv will prepare
and adont a watershed stormwater management nlan for each designated watershed: and

WHEREAS. the Monteomerv Countv Commissioners entered into a Memorandum of Understanding
with Delaware Countv to sunport the develobpment of the watershed stormwater management nlan for the
Darbv and Cobbs Creeks designated watershed: and

WHEREAS. the nurnose of the Darbv and Cobbs Creeks Watershed Stormwater Management Plan is
to nrotect nublic health and safetv and to nrevent or mitigate the adverse imnacts related to the convevance of
excessive rates and volumes of stormwater runoff bv providing for the management of stormwater runoff and
control of erosion and sedimentation: and

WHEREAS. design criteria and standards of stormwater management svstems and facilities within the
Darbv and Cobbs Creeks Watershed shall utilize the criteria and standards as found in the watershed
stormwater management plan:

NOW. THEREFORE. BE IT RESOLVED that the Monteomerv Countv Commissioners herebv adont
the Darbv and Cobbs Creeks Watershed Stormwater Management Plan. including all volumes. figures.
annendices. model ordinance and forward the Plan to the Stormwater Management Section of the Pennsvlvania

Department of Environmental Protection for anoroval.

This Resolution is herebv adonted this dav of .2005 bv:

MONTGOMERY COUNTY COMMISSIONERS
James R. Matthews. Chairman
Ruth S. Damsker

Thomas J. Ellis. Esa.



RESOLUTION

WHEREAS. the Stormwater Management Act 167 of 1978 nrovides for the regulation of land and
water use for flood control and stormwater management. reauires the Pennsvlvania Debpartment of
Environmental Protection to designate watersheds. and provides for grants to be aborooriated and administered
bv the Department for nlan nrenaration and implementation costs. and provides that each countv will prepare
and adont a watershed stormwater management nlan for each designated watershed: and

WHEREAS. the purnose of the Darbv and Cobbs Creeks Watershed Stormwater Management Plan is
to nrotect public health and safetv and to nrevent or mitigate the adverse impacts related to the convevance of
excessive rates and volumes of stormwater runoff bv nrovidine for the management of stormwater runoff and
control of erosion and sedimentation: and

WHEREAS. design criteria and standards of stormwater management svstems and facilities within the
Darbv and Cobbs Creeks Watershed shall utilize the criteria and standards as found in the watershed
stormwater management plan:

NOW. THEREFORE. BE IT RESOLVED that the Philadelphia Citv Commissioners herebv adoot the
Darbv and Cobbs Creeks Watershed Stormwater Management Plan. including all volumes. figures.
annendices. model ordinance and forward the Plan to the Stormwater Management Section of the Pennsvlvania

Denartment of Environmental Protection for anoroval.

This Resolution is herebv adonted this dav of . 2005 bv:

PHILADELPHIA CITY COMMISSIONERS
Marearet Tartaglione. Chair
Edear Howard

Josenh Duda



DELAWARE COUNTY COUNCIL
Tim Murtaugh. Chairman
Andrew J. Reillv. Vice Chairman
Linda A. Cartisano
Marv Alice Brennan
Michael V. Punnio. Jr.

CHESTER COUNTY COMMISSIONERS
Carol Aichele. Chairman
Andrew E. Dinniman
Donald A. Mancini

MONTGOMERY COUNTY COMMISSIONERS
James R. Matthews. Chairman
Ruth S. Damsker
Thomas Jav Ellis. Esa.
Edger Howard

PHILADELPHIA CITY COMMISSIONERS
Marearet Tartaglione. Chair
Josenh Duda

DELAWARE COUNTY PLANNING COMMISSION
Thomas J. O’Brien. Chairman
Thomas J. Judee. Vice Chairman
Kenneth J. Zitarelli. Secretarv
Monir Z. Ahmed
Kathv A. Bogosian
Susan K. Garrison. Esa.
William V. Mallon
Patrick L. Patterson
William C. Pavne

CHESTER COUNTY PLANNING COMMISSION
Judv L. DiFilipno. Chairman
Nancv Mohr. Vice-Chairman
Robert Hankin
Kevin Johnson
Caroline Novak
Georgianna Stapnleton
John C. Washington. III

MONTGOMERY COUNTY PLANNING COMMISSION
P. Gregorv Shellv. Chairnerson
Scott Exlev. Vice Chairnerson
Meghan M. McDonough
V. Scott Zelov
Dulcie F. Flahartv
Pasauale Mascaro
Charles J. Tornetta
Henrv P. Jacauelin
Rov Rodriguez. Jr.



PHILADELPHIA COUNTY PLANNING COMMISSION
Maxine Griffith. AICP. Executive Director
Richard L. Lombardo. Denutv Executive Director
Jeffrev S. Batoff. Esa.. Actine Chairman
David Adelman
Lvnette M. Brown-Sow
Patrick J. Eiding
Phillin R. Goldsmith (Managing Director)
Vincent Jannetti (Director of Finance)
Gloria Levin
Marcia Moore Makadon
Stephanie W. Naidoff (Citv Renresentative and Director of Commerce)

ENGINEERING CONSULTANT

Borton-Lawson Engineering. Inc.



DARBY CREEK WATERSHED DESIGNATED WPAC MEMBERS
As of March 9. 2004

Countv

WPAC Designee

Delaware Countv

Delaware Countv Planning Denartment

Delaware Countv Conservation District

Aldan Borough

Clifton Heights Borough

Collinedale Borough

Colwvn Borough *

Darbv Borough *

Darbv Townshin *

East Lansdowne Borough (C)

Folcroft Borough

Glenolden Borough

Haverford Township *

Lansdowne Borough *

Marple Townshin

Ms. Karen Holm
Manager. Environmental Section

Mr. Edward Magargee
District Manager

Mr. Charlie Duffv
Designated Renresentative

Mr. Michael Galentino. Esa.
Borouegh Council President

Ms. Eileen Nelson
Engineer

Mr. Daniel McEnhill
Manager

Ms. Eileen Mulvena
Engineer

Mr. John O’Neill
Designated Representative

Ms. Eileen Mulvena
Engineer

Judith Serratore
Secretarv

Mr. Earl W. Bell
Manager

Mr. Michael English
Manager

Mr. William T. Smith
Borough Council

Mr. William Brainerd
EAC Member



Millbourne Borough (C)

Morton Borough

Newtown Townshin

Norwood Borough

Prosnect Park Borough

Radnor Townshin *

Ridlev Townshin

Ridlev Park Borough

Rutledee Borough

Sharon Hill Borough

Sorinefield Townshin

Tinicum Townshin

Upper Darbv Townshio *

Yeadon Borough *

Mrs. Elizabeth Catania-Smith
Engineer

Ms. Dolores Giardina
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SECTION I

INTRODUCTION

Introduction

This plan has been develobed for the Darbv-Cobbs Creeks watershed in
Delaware. Chester. Monteomerv and Philadelnhia Counties. Pennsvlvania to comnlv with
the reauirements of the Pennsvlvania Stormwater Management Act. Act 167. of 1978.
The Darbv and Cobbs Creeks watersheds are two senarate DEP Act 167 desienated
watersheds. However. the Cobbs Creek is actuallv a tributarv of Darbv Creek. In order
to nronerlv address stormwater management in the Darbv Creek Watershed below the
confluence of Cobbs and Darbv Creeks. it was determined that both watersheds needed to
be hvdrologicallv evaluated. One Act 167 nlan was. therefore. develoned encomnassing
the two watersheds. thus satisfvine the Act 167 plannine reauirements for both
watersheds. For the purnoses of this renort. when the combined watersheds are being
formallv referenced such as in section headinegs. the text used to refer to them will read
the Darbv-Cobbs watershed. When the combined watersheds are being informallv
referenced such as in the text of the report. for ease of reading the acronvm used to refer
to them will be the Darbv-Cobbs watershed. Otherwise. thev will be referenced
individuallv when approoriate to do so.

The Darbv-Cobbs watershed is located predominantlv in the eastern portion of Delaware
Countv. Portions of the watershed also extend into eastern Chester. southern
Montgomerv. and western Philadelphia Counties.

This revort is develoned with the intent to nresent all information that mav be
reauired in order to imnlement the nlan. The comnrehensiveness of the plan covers legal.
engineering. and municinal government tonics. which combined. form the basis for
implementation and enforcement of a final ordinance that will be develoned and adonted
bv each affected municinalitv. A samnle stormwater management ordinance for reference
use has been develoned as part of the pnlan and is included in Abpendix 3.

B. Stormwater Management

Stormwater management entails bringing surface runoff caused bv precinitation events
under control. In nast vears. stormwater control was viewed onlv on a site-snecific basis.
Recentlv. local verspectives and policies have changed. We have realized that prover
stormwater management can onlv be accomnlished bv evaluating the comnrehensive
picture (i.e.. bv analvzine what adverse impacts a develonment located in a watershed's
headwaters mav have on flooding downstream). Proner stormwater management reduces
floodine. soil and streambank erosion and sedimentation. and improves the overall
aualitv of the receiving streams.

Stormwater management reauires cooneration between state. countv. and local officials.
It involves nrover nlanning. engineering. construction. operation and maintenance. This

I-1
Januarv 2005 Final Draft



entails educatine the public and local officials. and it also reauires nrogram develonment.
financing. nolicv revision. the develonment of workable criteria. and the adontion of
ordinances. The Darbv-Cobbs Creeks Watershed Stormwater Management Plan. under
the Pennsvlvania Stormwater Management Act 167. will enable continued develonment
to occur within the Darbv-Cobbs Creek watershed. utilizine both structural and non-
structural measures to nronerlv manage stormwater runoff in the watershed.
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SECTION I1

ACT 167

A. Stormwater Management Act 167

Recognizineg the adverse effects of excessive stormwater runoff resultine from
develonment. the Pennsvlvania General Assemblv annroved the Stormwater Management
Act. P.L. 864. No. 167 on October 4. 1978. Act 167 orovides for the reculation of land
and water use for flood control and stormwater management purnoses. It imnoses duties.
confers nowers to the Department of Environmental Protection (DEP). municioalities and
counties. and nrovides for enforcement and anoronriations. The Act reauires the DEP to
desienate watersheds. develoo cuidelines for stormwater manaeement. and model
stormwater ordinances. The designated watersheds were annroved bv the Environmental
Oualitv Board Julv 15. 1980. and the guidelines and model ordinances were apnroved bv
the Legislature Mav 14. 1985. The Act nrovides for grants to be annrooriated bv the
General Assemblv and administered bv DEP for 75% of the allowable costs for the
preparation of a stormwater management vlan. It also orovides for 75% of
administrative. enforcement and implementation costs incurred bv anv municinalitv or
countv in accordance with Chanter III - Stormwater Management Grants and
Reimbursement Regulations (adonted bv the Environmental Oualitv Board August 27.
1985).

All counties must. in consultation with its municinalities. nrepare and adont a stormwater
management plan for each of its designated watersheds. The countv must review and
revise such nlans at least everv five vears when funding is available. Within six months
followine adontion and annroval of a watershed stormwater nlan. each municinalitv is
reauired to adont or amend stormwater ordinances as laid out in the plan. These
ordinances must reeulate develonment within the municinalitv in a manner consistent
with the watershed stormwater nlan and the provisions of the Act.

Develovers are reauired to manage the auantitv. velocitv. and direction of resultine
stormwater runoff in a manner that adeauatelv nrotects health and nronertv from nossible
iniurv. Thev must implement control measures that are consistent with the nrovisions of
the watershed nlan and the Act. The Act also nrovides for civil remedies for those
agerieved bv inadeauate management of accelerated stormwater runoff.

B. Purpose of the Studv

Develonment in the Darbv-Cobbs watershed causes an increase in stormwater runoff and
a reduction in groundwater recharge. A number of negative effects result from
uncontrolled stormwater runoff in addition to the risk of flooding downstream. It also
causes erosion and sedimentation problems. reduces stream aqualitv. raises the
tempoerature of the streams. and impairs the aquatic food chain. It can also reduce the
baseflow of streams. which is imnerative for aaquatic life durine the drier summer months.
Erosion of the streambanks caused bv accelerated stream velocities due to increased
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runoff is alreadv evident in the following municinalities: Chester Countv - Easttown
Townshin: Delaware Countv - Aldan Borough. Haverford Townshin. Lansdowne
Borough. Marple Townshin. Newtown Townshin. Radnor Township and Sharon Hill
Borough.

There is an increased statewide as well as local recoenition that a sound and effective
stormwater management plan reauires a diversified multinle purpose plan. The plan
should address the full range of hvdrologic conseauences resulting from develonment bv
considering tributarv timine of flow volume reduction. base flow auementation. water
aualitv control and ecological nrotection rather than simnlv focusing on controlling site
specific peak flow.

Managine stormwater runoff on a site-specific basis does not meet the reauirements of
watershed based nlanning. The timing of flood neaks for each subbasin within a
watershed contributes greatlv to the flooding potential of a particular storm. Each
stormwater control site within a subbasin should be managed bv evaluating the
comprehensive victure.

The Darbv-Cobbs Watershed Stormwater Management Plan provides reasonable
regulations of develonment activities to control accelerated runoff and nrotect the health.
safetv and welfare of the public. The nlan includes recoenition of the various rules.
regulations and laws at the federal. state. countv and municinal level. Once imnlemented.
the nlan will aid in reducing costlv flood damages bv reducing the source and cause of
local uncontrolled runoff. The nlan will make municinalities and develoners more aware
of comprehensive plannine in stormwater control and will help maintain the aualitv of
Darbv-Cobbs Creeks and their tributaries.
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SECTION III

GENERAL DESCRIPTION OF WATERSHED

The Darbv-Cobbs watershed is located nredominantlv in the eastern portion of Delaware
Countv. Portions of the watershed extend into eastern Chester. southern Montgomerv.
and western Philadelphia Counties. There are twentv-six (26) municipalities in Delaware
Countv. two (2) municinalities in Chester Countv. two (2) municinalities in Montgomerv.
and one (1) municinalitv in Philadelphia Countv as listed in Table III-1 and illustrated in

Figure I1I-1A. the Base Man.

TABLE I1I-1

Darbv and Cobbs Creeks Watershed Municinalities

Delaware Countv

Aldan Borough

Clifton Heights Borough
Collingdale Borough
Colwvn Borough*
Darbv Borough*

Darbv Townshin*

East Lansdowne Borough (Cobbs onlv)

Folcroft Borough

Glenolden Borough

Haverford Townshin*

Lansdowne Borough#*

Marnle Township

Millbourne Borough (Cobbs onlv)

Chester Countv

Easttown Townshin
Tredvffrin Townshin

Montgomerv Countv

Lower Merion Township
Narberth Borough

Philadelphia Countv

Citv of Philadelphia

Morton Borough
Newtown Townshin
Norwood Borough
Prosnect Park Borough
Radnor Townshin
Ridlev Townshin
Ridlev Park Borough
Rutledege Borough
Sharon Hill Borough
Sorinefield Townshin
Tinicum Townshin
Upoer Darbv Townshipn*
Yeadon Borough*

* In both the Darbv Creek and Cobbs Creek watersheds
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A. Drainage Area

The Darbv-Cobbs watershed has a total area of 77.2 sauare miles: of that. 6.5 sauare
miles lies in Chester Countv. 4.2 sauare miles lies in Monteomerv Countv and 6.5 sauare
miles in Philadelphia Countv and 60 sauare miles within Delaware Countv. Darbv Creek
originates in Easttown Townshin in Chester Countv and flows in a south/southeast
direction through most of the watershed. It chanees direction in the southern vortion of
the watershed where it flows west/southwest direction until it discharees into the
Delaware River between the Townshins of Ridlev and Tinicum. The maior tributaries to
Darbv Creek include: Cobbs Creek. Little Darbv Creek. Julinp Run. Ithan Run. Cobbs
Creek. Meadowbrook Run. Wigwam Run. Foxes Run. Muckininates Creek.

Cobbs Creek. a separatelv-identified watershed for the purnoses of Act 167 nlannineg. is a
maior tributarv of Darbv Creek. constituting almost 1/3 of the watershed. Therefore. it
was included as vart of this studv. The total drainage area of Cobbs Creek above its
confluence with Darbv Creek is 22.2 sauare miles. The drainage area below the
confluence is 15.4 sauare miles. After the confluence with Cobbs Creek. Darbv Creek
flows for annroximatelv 5 miles until it reaches the Delaware River (see Figure I1I-1A).

The maior routes in the Darbv-Cobbs watershed include Interstates 476 and 95. US
Routes 30. 13 and 1. and PA Routes 291. 320. and 3. Interstate 476 runs throueh the
watershed for annroximatelv 8 miles following Darbv Creek from Radnor Townshin to
Sorinefield Townshin. Interstate 95 runs through the southern section of the watershed
for annroximatelv 4 miles. Interstate 95 crosses Darbv Creek at the Townshin line
between Ridlev and Tinicum Townshins. US Route 30 runs throueh the watershed for
anpnroximatelv 12 miles across the northern section of the watershed. US Route 13 enters
the watershed in Ridlev Townshin and exits into the Citv of Philadelphia. US Route 13
crosses Darbv Creek in Darbv Township and crosses Cobbs Creek in Philadelphia
Countv. US Route 1 runs through the watershed from Media to Philadelphia and crosses
Darbv Creek in Philadelohia. Route 291 runs parallel with Interstate 95 in the southern
nortion of the watershed. Route 320 enters the watershed near Villanova then crosses
Darbv Creek near the Old Foxcroft Ouarrv. Marpnle Townshin. and exits near Cardinal
O’Hara High School. Route 3 runs annroximatelv 10 miles through the Darbv-Cobbs
watershed. Route 3 crosses Darbv Creek near Haverford Township and crosses Cobbs
Creek near Philadelnhia.
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Ficure I1I-1A: Base Man

See Maps Appendix
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Ficure I11-1A: Base Map

See Maps A ppendix
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B.

Data Collection

In order to evaluate the hvdrologic response of the watershed. data was collected on the
phvsical features of the watershed as follows:

1.

Base Mab: The base man for geogranhic information svstem (GIS) generated
mapos was generated from data received from the Pennsvlvania Department of
Environmental Protection (PADEP) and the Pennsvlvania Department of
Transoortation (PADOT). Streams. lakes. and the watershed boundarv were
obtained from the PADEP. Countv and municinal boundaries. roads and railroads
were obtained from PADOT.

The overall Darbv-Cobbs Creek watershed boundarv includes the separate
PADEP Act 167 boundaries for Darbv Creek and Cobbs Creek. These two
separate watershed boundaries were merged and overlaid on USGS topograpnhic
mans to ascertain accuracv. Minor adiustments to the PADEP boundaries were
made based on the USGS topnogranhic mabs.

Elevation Data: A Digital Elevation Model (DEM) for the Darbv-Cobbs
watershed was develoned from DEM data obtained from the USGS.
Subwatersheds or subareas used in the watershed modeling process were derived
from the DEM. Subareas. drainage courses. land slones and lengths. and drainage
element lengths and sloves could all be determined from the DEM.

Soils: Soil maoping data were obtained from the United States Department of
Acgriculture. Natural Resources Conservation Service (NRCS). Two sets of data
were used. the State Soil Geogranhic Database (STATSGO) and the Soil Survev
Geographic Database (SSURGO).

STATSGO mans are statewide soil mans made bv generalizine the detailed
countv soil survev data. The STATSGO data were used to create the generalized
soils man. SSURGO is the most detailed level of soil manping done bv the
Natural Resources Conservation Service (NRCS). SSURGO are digital
dunlication the original countv soil survev mans. The SSURGO data were used
for all other soil mans.

Geologv: The digital geologv coverages for Chester. Delaware. Montgomerv. and
Philadelphia Counties were obtained from the Pennsvlvania Geologic Survev.

Land Use: The existineg land use was map was generated bv overlaving Delaware
Vallev Regional Planning Commission (DVRPC) land use data on vear 2000
DVRPC aerial nhotoeranhs and then usine parcel data and heads up digitizine to
undate the DVRPC data and imnrove the snatial accuracv.

Wetlands: Wetlands were obtained from the United States Fish and Wildlife
Service in the form of digital National Wetlands Inventorv Mabs.
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9. Streambank Erosion/Stabilitv Assessment: Achievine natural stream stabilitv
pnlavs an important role in minimizing streambank erosion and resultant sediment
pollution. and in turn. water aualitv and aauatic habitat preservation. Natural
stream stabilitv is achieved bv allowing the stream to develon stable dimensions
(stream bankfull width. width/denth ratio and canacitv). profile. and pattern so
that the stream svstem neither degrades (erodes) nor agerades (accumulates
sediment). Assessing stream stabilitv reauires a fluvial geomorphological
assessment and baseline determination. These dimensions for stabilitv can be
mathematicallv determined using the “Roseen” classification method of fluvial
geomorphological (FGM) assessment (D.L. Roseen. Annlied River Morpholoegv
1996). Once the stream is categorized and instabilitv problems identified.
effective and sustainable stream restoration measures to bring the stream back
into a stable condition can be recommended through prover targeted storm water
management and recommended restoration measures.

A stormwater management nlan. in addition to items reauired under Section 5(b)
of the Storm Water Management Act. should include an assessment of stream
stabilitv and its relation to flooding events and existing erosion nroblems. Such an
assessment is critical to:

e Identifving changes in channel configuration in resnonse to changes in
stormwater runoff that might contribute to flooding problems in the future
as the stream reaches a new eauilibrium.

¢ Ensuring adeauate nrotection of sewerage infrastructure.

e Relating stream bank erosion. sedimentation. and downstream water
aualitv problems to changes in stormwater flows (both volume and peak).

e Livine resource nrotection through aauatic habitat nreservation.

e Recommending effective and sustainable stream restoration measures.

Darbv Creek Fluvial Geomornhological Assessment

To vroverlv characterize the Darbv Creek watershed measurement of eeomornhological
narameters and nhvsical and hvdraulic relationshins was nerformed at both the Rosgen
Level I and Level II. This addressed some of the root causes of streambank erosion and
sedimentation. habitat loss. and water qualitv impairments. It provides critical
information for use in identifvine and understandine existing and future problems. and in
devising an effective framework for stormwater management that will nrotect anv future
stream restoration efforts.

Level I: Desktop Survev — A Level 1 fluvial eeomornhological (FGM) assessment of the
watershed was performed based on the Rosgen classification methodologv. This is
deskton delineation of the stream usine eeneralized maior stream tvoes A throueh G
based on available tonogranhic information. geological mans. soils mans. and aerial
photographs. all of which are part of the overall Act 167 pnlanning effort. The purpose of
this inventorv was to provide an initial framework for oreanizing and targeting
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subseauent field assessments of targeted or important reaches where problems are known
to occur or are anticinated to occur.

Available tonogranhical information. geological mans. soils mans. and aerial nhotogranhs
were reviewed and specific drainage areas for selected stream reaches within the
watershed were calculated where needed. Using regional curve data develoned for the
Northeast. ranges of hvdraulic geometrv relationshins based on the bankfull discharee
were estimated. Stream reaches were initiallv be classified bv stream tvpne based on
obiective comparisons of land forms. soils. slobe and channel patterns obtained from
aerial nhotogranhs. tonoeranhical. geological and soil survev mans and the field data
collected from the reference reaches and extranolated reaches. Field verification was
reauired where stream tvnes change or where distinct variations in conditions are
observed.

Level II: Reach Stream Survev — A field team was sent out to traverse up to 18 miles of
the highest order streams and tributaries within the Darbv Creek watershed. Field teams
of two-stream survevors walked alone the designated leneths of each stream and tributarv
and estimated the following narameters bv observation:

Channel Morphologv

Bankfull Elevation Sinuositv Range

Bankfull Width Channel Slone Range
Entrenchment Ratio Range Channel Materials (nebble count)
Width/Depth Ratio Range Meander Pattern

Photogranhs were taken at strategic noints throughout the inventoried nortions of the
streams. and coded for future reference. In addition. anv obvious erosion or stream
blockages were noted for mannine. A Level 11 Reach Field Form was develoned for the
Darbv Creek. and a Watershed Data Summarv Sheet for the parameters observed was
comvleted for each reach. The result is a measured reach-stream classification Level 11
morphological descrintion of the stream reaches for which Level II data have been
collected.

The distribution of reaches measured was determined from the inventoried reach
evaluation. the assessment of where problems are occurrine. and the importance attached
to the stream segment. A single assessment reach tvnicallv is not more than about 1.000
feet in leneth. An average of 5 reaches per stream mile were measured. Part of the
classification includes estimation of the bankfull discharge. This was accomnlished using
the existing USGS discharge cauge information on the Darbv Creek. The difference
between the water surface elevation and the bankfull elevation was comnared with the
cauee information. Then. the elevation difference was added to the water surface
elevation at the gauee to determine the bankfull stage elevation relative to the eauge staff.
The bankfull discharge was then calculated using the gauge station data. Once the stage-
discharee relationshin was established. the recurrence interval for the bankfull stage was
calculated. and the hvdraulic eeometrv data for width. depth. velocitv. and cross sectional
area vs. stream discharege was calculated as shown in Figure I11-1B.
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For each measured reach. the following protocols were adhered to:

Channel Morphologv (Roseen)

One cross-sectional survev (bv rod. measuring tane. and level) was pverformed at a
renresentative crossover location that includes stream invert. maximum denth. bankfull
denth. and flood prone level (enough stations to determine if the entrenchment is ereater
than 2.2 (Rosegen. 1996)). The stations within the cross-section included significant slone
changes. and in no case were ereater than 2 feet anart. An Excel spreadsheet nrogram
was used for entering and onlotting the data and cross-section to scale. Each cross-section
was marked in the field with labeled flagging. located aoproximatelv with elobal
nositioning svstem. and indicted on an area man.

Bankfull denth was determined through field visits and bankfull stage was calibrated to
known streamflows from approoriate stream eaueine stations. The bankfull stages field-
calibrated at streams was plotted in order to build a database to refine the bankfull
channel dimensions for uneauged areas within the stream.

In order to assure that the field teams produced consistent results. a modified Wolman
Pebble Count for each channel material categorv (silt/clav. sand. gravel. cobble.
boulders) found in the watershed was performed for two reaches. The FGM revort is
found in Aopnendix I. of Volume IIl. the Technical Aonnendix.

C. Topnogranhv and Streambed Profile

The tonogranhv of the watershed ranees from hillv terrain in the northwestern nortion of
the watershed to gentlv sloning areas throughout most of the central to southern end. The
highest point in the watershed is in Tredvffrin Township with an elevation of 557 feet
above sea level USGS datum. The lowest elevation. sea level. is found where Darbv
Creek enters the Delaware River between Ridlev and Tinicum Townshins and in the large
wetland area (John Heinz National Wildlife Refuge at Tinicum) in the southeastern
portion of the watershed. near the Philadelphia Airport. The Digital Elevation Model
(DEM) for the watershed is disnlaved in Figure I11-2.

D. Soils

There are three generalized soil erouns in the Darbv-Cobbs watershed as listed below:
Generalized soils are grouns of soils that exhibit a recularlv repeating pattern. The
distribution of the three associations in Darbv-Cobbs watershed is shown in Fieure I11-3.
The descrintions were derived from the USDA STATSGO state-wide NRCS soils
database.

1. Neshaminv-Lehigh-Glenelg - The Neshaminv-Lehigh-Glenele soil association is
found in the northwest portion of the watershed. This association consists of
moderatelv deen and deen. well-drained. siltv. channerv. and eravellv soils on
orabbro and eranodiorite.
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2. Chester-Glenele-Manor - The Chester-Glenele-Manor soil association is found
throughout the watershed excent for the southern oortion. This association
consists of shallow to deen. siltv and channerv soils on gravish-brown schist and
oneiss.

3.  Urban Land-Westbrook-Pits - The Urban Land-Westbrook-Pits soil association
1s found in the southern nortion of the watershed. This association consists of
deep. siltv or sandv soils on coastal nlain sediments. Urban land and pits are areas
that have been highlv disturbed.

Soil nermeabilitv of the Darbv-Cobbs watershed is shown in Fieure III-4. The soil
permeabilitv is derived from the digital Countv soils files develoned bv the NRCS. and
renresent vertical water movement. when the soil is saturated. and does not consider
lateral seepage. Permeabilitv estimates are based upon soil characteristics such as soil
structure. norositv. and eradient or texture. which influences the downward movement of
water in soil. Soil permeabilitv is measured at rates in inches per hour and classified as
follows: verv slow (less than 0.06 inches/hr): slow (0.06 to 0.20 inches/hr): moderatelv
slow (0.20 to 0.60 inches/hr): moderate (0.60 to 2.0 inches/hr): moderatelv rapid (2.0 to
6.0 inches/hr): ravid (6.0 to 20.0 inches/hr): and verv ravid (more than 20.0 inches/hr).
These rates varv based upon soil laver. or denth below the surface. The soil permeabilitv
rate manned in Figure III-4 was derived from the difference between the highest
permeabilitv rate (PERMH) and the lowest permeabilitv rate (PERML) for the third soil
laver. which can range from 15 to 64 inches below the surface. where most infiltration
structures would be constructed. Compaction of soils bv construction eauipment reduces
nermeabilitv (Ocean Countv Soil Conservation District. 2001).

Fieure III-5 shows erodible soils in the watershed. The erodibilitv hazard indicates the
level of erosion controls necessarv when disturbing soils for develonment. wood
harvesting or agriculture. Slight. moderate and severe indicate the deeree of maior soil
limitations to be considered in management. A slight ratine indicates that the risk of soil
erosion is low. ratine of moderate indicates that erosion control are necessarv during
earth disturbance activities. and a ratine of severe indicates that erosion notential is a
severe hazard when disturbine these soils. Approximatelv 53% of the area within the
Darbv-Cobbs watershed is classified as sliehtlv erodible soils. Several erodible soils are
found in the middle portion the watershed alone Darbv and Cobbs Creeks and their
tributaries. Moderatelv erodible soils are usuallv found connected to severe erodible soils.
Around 40% of the area in the watershed is classified as Urban Land/ Made Land and
their erodibiltv cannot be determined.
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Ficure I11-2 Digital Elevation Model

See Maps Appendix
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Ficure I11-2 Digital Elevation Model

See Maps Appendix

I1-12
Januarv 2005 Final Draft



Ficure I11-3 Soil Associations

See Maps A ppendix
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Ficure II1-3 Soil Associations

See Maps Appendix
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Ficure 111-4 Permeabilitv

See Maps A ppendix
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Figure I11-4 Permeabilitv

See Maps Appendix
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Ficure I11-5 Erodible Soils

See Maps A ppendix
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Ficure I11-5 Erodible Soils

See Maps A ppendix
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Soil nroverties influence the runoff eeneration nrocess. The USDA. Natural Resources
Conservation Service (NRCS) has established a criterion determining how soils will
affect runoff bv nlacine all soils into four Hvdrologic Soil Grouns (HSGs) — A through D.
based on infiltration rate and denth. Hvdrologic soil eroun A characteristics are found
sporadicallv throughout the Darbv-Cobbs watershed. Groun B soils are found along
Darbv Creek in terraces and floodnlains. Groun B is characterized as having moderate
infiltration rates. and it consists primarilv of moderatelv deep to deen. moderatelv well to
well drained soils that exhibit a moderate rate of water transmission. Groun C soils have
slow infiltration rates when thoroughlv wetted and contain fraginans. a laver that impedes
downward movement of water and nroduces a slow rate of water transmission. Found
throughout the watershed. D soils that are tight. low permeable soils with hieh runoff
pnotential and are tvnicallv clav soils. This information was incornorated into the GIS and.
from this. the watershed HSG mapo was develoned as shown in Figeure I11-6.
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Ficure I11-6: Hvdrologic Soil Grouns

See Maps A ppendix
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Ficure I11-6: Hvdrologic Soil Grouns

See Maps Appendix
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E. Geologv

Geologv nlavs a direct role in surface runoff in Darbv-Cobbs watershed because it affects
its soil tvpes within the watershed throueh parent material breakdown. There is no
limestone surface geologv in the Darbv-Cobbs watershed and therefore the nresence of
limestone sinkholes does not exist. The geologic mao of the watershed can be found in
Figure I11-7. Below is a descrintion of geologic formations in the watershed.

10.

11.

Brvn Mawr Formation - High level terrace depoosits: reddish brown eravellv
sand and some silt.

Felsic Gneiss. Hornblende bearing - Light. medium erained: includes rocks of
probable sedimentarv origin.

Felsic Gneiss. Pvroxene bearing- Light. medium egrained: includes rocks of
probable sedimentarv origin.

Granite Gneiss and Granite - Includes Soringfield Granodiorite (granitized
Wissahickon).

Mafic Gneiss. Hornblende bearing - Dark. medium erained: includes rocks of
probable sedimentarv origin.

Mafic Gneiss. Pvroxene bearing - Dark. medium grained: includes rocks of
nrobable sedimentarv origin.

Pensauken and Bridgeton Formation - Undifferentiated-Dark-reddish-brown.
cross stratified. feldspathic auartz sand and some thin beds of fine eravel and rare
lavers of clav or silt.

Sernentine - Includes sernentine. steatite. and other nroducts of alteration of
peridotites and pvroxenites.

Trenton Gravel- Grav or nale reddish brown. verv gravellv sand interstratified
with crossbedded sand and clav-silt beds.

Wissahickon Formation (Albite-Chlorite Schist) - Includes "Octoraro Schist"-
phvllite. some horneblende gneiss. and granitized members.

Wissahickon Formation (Oligioclase Mica Schist) - Includes some horneblende

oneiss. some augen gneiss. and some auartz-rich and feldsnar-rich members due
to various degrees of granitization.
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Ficure I11-7 Geologv

See Maps A ppendix
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Ficure I11-7 Geologv

See Maps Appendix
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F. Climate

The Darbv-Cobbs watershed has a fairlv moderate. humid. continental climate. Winters
are comparativelv short and mild while the warm season is lone and freauentlv humid. In
the summer. the relative humiditv drons to 35 to 45 nercent during the afternoons. but the
average relative humiditv for the vear is generallv higher than 65 percent. About two-
thirds of the times. skies are clear to nartlv cloudv. and the average amount of sunshine is
about 57 vercent of the nossible amount. Storms are generallv numerous enoueh that thev
insure an adeauate and denendable sunnlv of moisture throughout the vear.

The watershed is near the nath of the maior weather svstems that move across the nation:
therefore. the weather is variable. Changes in the temperature. the velocitv of the wind.
the humiditv. and other weather elements tend to occur from dav to dav and from week to
week. and seasonal weather varies from vear to vear. Durine winter and spring. chanees
occur almost dailv. Durine summer and fall. changes are less freauent because the high
and low pressure svstems that are responsible for the weather move more slowlv in these
seasons than thev do in winter and soring.

From June through October. the weather remains annroximatelv the same for a week or
more at a time. Hot humid davs and mild nights eenerallv result when a pressure svstem
remains stagnant for several davs in the summer. Cool nights are tvnical when a nressure
svstem remains stagnant for several davs in the fall. Several of these spells can be
exnected in most vears. though extreme heat is noticeablv absent in some summers.
Durine winter and spring. unseasonablv cold spells last for onlv a few davs because the
weather svstems move more ranidlv than in summer and fall.

G. Land Use

The Darbv-Cobbs watershed has a long historv of settlement and urbanization datine back
to the earlv 17" centurv. The landscanes of the watershed varv from suburbanized to highlv
urbanized. While much of the eastern vortion of the Cobbs Creek subwatershed lies within
the Citv of Philadelphia. most of the larger Darbv-Cobbs watershed falls nrimarilv within
the Citv’s inner-ring suburbs of Delaware Countv. and to a lesser extent Chester and
Monteomerv Counties. Generallv speaking. the central to lower portions of the watershed
can be characterized as denselv develoned with a hieh deeree of urbanization. Most of the
central to unpner nortions of the watershed can be characterized as suburbanized and/or
rapidlv suburbanizine.

Redevelonment and infill develonment activities are common throughout the older
urbanized areas of the watershed. The limited number of areas that remain open (i.e..
large estates and stream vallevs at the northern end of the watershed) are exneriencing
intense development pressure. The natural flow and course of Darbv Creek and its
tributaries have been significantlv altered over the vears. Manv tributaries in the more
urbanized portions of the watershed have been channelized. pined. stabilized. dredeed.
etc.. resulting in little or no natural drainage nattern in manv parts of the watershed. There
are a significant number of man-made obstructions includine old mills/dams and highwav
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and railroad bridees that contribute to the alteration of natural stream flow. Much of the
watershed is extensivelv naved and is served bv storm sewer svstems that discharee
directlv into streams with few if anv auantitv or aualitv controls. With the exceotion of
Cobbs Creek Park and a few nrotected areas along tributaries at the ton of the watershed.
a ogreat deal of develonment has taken place right up to the edee of the stream bank. This
allows for little or no room for conventional rinarian buffers to manage stormwater or
protect the stream from water aualitv impacts.

As noted previouslv. there is intense pressure to develop the few open areas that remain
in the northern reaches of the watershed (as evidenced bv nressure to develon the
Haverford State Hospital site in Haverford Townshin). Fortunatelv for the watershed.
there are two areas. each at onnosite ends of the watershed. which can be considered
permanentlv protected. At the too of the watershed. alone the Chester and Delaware
Countv border. approximatelv 172 acres known as the Waterloo Mills Preserve have been
donated to and will be permanentlv protected and manaced bv the Brandvwine
Conservancv. The Conservancv also holds easements on an additional 186.6 acres at the
top of the watershed. mostlv in Chester Countv.

At the bottom of the watershed lies the John Heinz National Wildlife Refuge at Tinicum.
the largest remaining freshwater tidal marsh in the state. While the Waterloo Mills
Preserve is fortunate enough to be located at the headwaters (where it can influence water
aualitv in the watershed). this refuee is at the bottom of the watershed. making it the
recinient of all of the water auantitv and aualitv problems that have accumulated alone
the lengths of Darbv and Cobbs Creeks before thev enter the refuge as Darbv Creek.

The maioritv of the municinalities within the watershed are urban in nature and lareelv
develoned. The nredominant land use in the watershed is classified as residential (61%).
Avproximatelv 11% of the watershed is undeveloned land (forest or meadow) and 10% is
classified as onen space (parks. cemeteries. eolf courses. etc.). The remaining land is
mostlv classified as commercial. industrial and institutional. A total of 2.45% of the
watershed lands is classified as “paved” and includes the two interstate highwavs.
nortions of the Philadelphia Airnort and a few laree narking areas. This nercentage does
not include other smaller roads or drivewavs.

Ficure I11-8 disnlavs the existing land use of the watershed while Table III-2 details the
land uses bv categorv within the Darbv-Cobbs watershed.

In summarv. the watershed is nrimarilv develoned with large areas that have mixed
commercial. residential. and industrial uses. Parts of Chester and Delaware Counties still
have some forestland and aericulture (cash and forage crons. nasture. and orchards). The
watershed is sited within the inner-ring suburbs of Philadelphia. Therefore. anv onen land
in this area is being develoned at an incredible rate.
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Ficure I11- 8 Existing Land Use

See Maps Appendix
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Ficure I11- 8 Existing Land Use
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TABLE I11-2

Land Use Status bv Categorv

LAND USE SOUARE MILES ACRES PERCENT
AREA
Commercial 5.43 3475.20 7.03
Farmstead 0.02 12.80 0.03
Forest 5.07 3244 .80 6.56
Industrial 1.71 1094.40 2.21
Institutional 3.90 2496.00 5.05
Loose Gravel 0.01 6.40 0.01
Meadow 3.13 2003.20 4.05
Open Space 7.54 4825.60 9.76
Paved 1.89 1209.60 2.45
Residential (1 - 4 acre lots size) 8.60 5504.00 11.13
Residential (1/3 — 1 acre lot size) 10.18 6515.20 13.18
Residential (1/8 — 1/3 acre lot size) 14.83 9491.20 19.20
Residential (1/8 acre or less lot size) 13.65 8736.00 17.67
Water 1.28 819.20 1.66
TOTAL 77.24 49433.60 100.00

Source: Borton-Lawson Engineering. Inc. 2004

H. Land Develonment Patterns

There is little undeveloned land in the watershed. Zoning mans were used. along with
inout from the Delaware Countv Planning Denartment and Chester and Montgomerv
Countv Plannine Commissions. to describe the future land development/erowth pattern
for the watershed over the next 10 vears. The maioritv (approximatelv 83%) of new
development is expected to be residential. Future land use patterns in Philadelphia were
estimated bv examinine the small nockets of undeveloned areas in aerial nhotogranhs and
then makine assumotions about whether these nockets of undeveloned area are likelv to
be develoned in the same manner as the immediatelv surrounding areas.

The maioritv of this residential develonpment (anbroximatelv 42%) is exnected to be
sinele-familv dwellings with lot sizes ereater than one acre. This tvpe of develonment is
exnected to occur in the unner nortion of the watershed in Easttown Townshin in Chester
Countv. Haverford Townshin. Marpnle Townshin. Newtown Townshin. and Radnor
Townshin in Delaware Countv. and Lower Merion Townshin in Montgomerv Countv.
The second largest develoboment impact (approximatelv 23.5%) is from smaller
residential lot develonment. less than 1/8 acre in lot size. and includes townhouses and
apartment comvolexes which is expnected to occur in most parts of the watershed.
Commercial develonment accounts for about 11.4 % of the future nredicted develonment
within the watershed and is expected to occur primarilv near the maior road corridors.
such as 1-476 and Route 3 in Marnle Townshin. Tinicum and Radnor Townshins. Unner
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Darbv Township and Millbourne Borough in Delaware Countv. and Easttown Townshin
in Chester Countv. Industrial develonment accounts for about 4.5 % of the future
predicted develooment primarilv in Tinicum Township and spread in the northeastern
pnortion of the watershed in Delaware Countv.

Table III-3 nrovides an overview of nroiected develonment based on a future land use
scenario develoned through the use of zoning maps. the comorehensive plan. and bv
develoning land usegrowth trends. The future land use man for the vear 2010 proiection
1s shown in Fieure III-9. These increased impervious areas were then included in the U.S.
Armv Corns of Eneineers. Hvdrologic Engineering Center. Hvdrologic Modeling Svstem
(HEC-HMS) to develoo future condition flows for the 2. 5. 10. 25. 50 and 100-vear
storms. A comoarison of neak flows for the 100-vear storm for future and existing
conditions can be found in Table I11-4.

The future 100-vear storm hvdroeranh neak was found to be an average of 101.3% of the
pnresent 100-vear storm hvdrogranh on Darbv Creek above the confluence with Cobbs
Creek and an average 100.9% on Cobbs Creek above the confluence with Darbv Creek.
Table I11-4 summarizes the flows for each subwatershed for existing conditions and for
the 2010 future land use proiection. assuming prooer stormwater management facilities
are not installed.

Other storm freauencies can be found in Volume III. Technical Apnendix. Increased
development in a watershed increases runoff pneaks. volumes and velocities. This
decreases the time to neak. worsening the freauencv of flooding.
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R-4
R-3
R-2
R-1

Source:

TABLE III-3

Develonment Potential bv Municinalitv
Based Upnon Existing Patterns in the Darbv and Cobbs Watershed

Municinalitv

Aldan Borough

Citv of Philadelphia
Clifton Heights Borough
Collingdale Borough
Colwvn Borough
Darbv Borough

Darbv Townshin

East Lansdowne Borough
Easttown Townshin
Folcroft Borough
Glenolden Borough
Haverford Townshin
Lansdowne Borough
Lower Merion Townshin
Marnle Townshin
Millbourne Borough
Morton Borough
Narberth Borough
Newtown Townshin
Norwood Borough
Prosnect Park Borough
Radnor Townshin
Ridlev Townshin
Ridlev Park Borough
Rutledee Borough
Sharon Hill Borough
Soringfield Townshin
Tinicum Townshin
Tredvffrin Townshin
Upnper Darbv Townshin
Yeadon Borough

Residential Lots (1/8 acre or less)
Residential Lots (1/4 ac. - 1/3 ac)

R-4 R-3 R-2 R-1

O® 1 OO0 1 OO

% OO

Residential Lots (1/2 ac. - 1 ac.)
Residential Lots (ereater than 1 acre)

Industrial
Commercial
Onen Snace
Forest
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Ficure I11- 9: Future Land Use

See Maps Appendix
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Ficure I11- 9: Future Land Use

See Maps Appendix
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TABLE I11-4
Present (Existing) Versus Future Combined Peak Flows —
100-Year 24-Hour Storm
(Please refer to Annendix A of the Model Ordinance for Subarea Locations)

Subarea Cumulative Existing Future

Subarea No. Area (sa. mi.) Area (sa. mi.) Peak O (cfs) Peak O (cfs)
1 0.55 0.55 631 642
2 0.30 0.85 915 927

3 0.29 0.29 354 360
4 0.18 1.32 1.377 1.393
5 0.66 0.66 655 691

6 0.12 2.10 2.274 2.314
7 0.48 0.48 402 432

8 0.05 2.63 2.270 2.312
9 1.50 1.50 1.383 1.534
10 0.55 4.68 3.807 3.857
11 0.50 0.50 516 516
12 1.05 6.22 4.512 4.583
13 0.31 6.53 4.578 4.657
14 0.68 0.68 482 482
15 0.01 7.22 4.930 5.036
16 2.02 2.02 1.353 1.354
17 0.67 0.67 507 512
18 0.12 2.80 1.847 1.851
19 0.32 0.32 246 246
20 0.16 3.28 2.058 2.063
21 0.32 0.32 268 268
22 0.02 3.61 2.197 2.203
23 0.03 10.86 7.285 7.456
24 0.55 0.55 349 349
25 0.02 0.57 335 335
26 0.03 11.46 7.287 7.457
27 0.31 0.31 273 273
28 0.54 12.31 7.546 7.735
29 0.23 0.23 179 179
30 0.54 13.09 7.701 7.896
31 1.50 1.50 762 764
32 1.41 15.99 8.879 9.090
33 0.37 0.37 369 369
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TABLE III-4 (Cont.)
Present (Existing)Versus Future Combined Peak Flows —
100-Year 24-Hour Storm
(Please refer to Anpnendix A of the Model Ordinance for Subarea Locations)

Subarea Cumulative Existing Future
Subarea No. Area (sa. mi.) Area (sa. mi.) Peak O (cfs) Peak O (cfs)
34 0.30 0.30 422 422
35 0.48 1.15 1.198 1.199
36 0.21 0.21 224 224
37 1.32 1.32 879 880
38 0.05 2.73 2.123 2.125
39 0.14 0.14 159 159
40 0.69 3.57 2.476 2.478
41 0.49 0.49 350 350
42 0.79 4.85 3.173 3.177
43 0.59 0.59 509 514
44 0.75 0.75 661 664
45 1.05 2.39 1.782 1.797
46 0.12 7.37 4.852 4.866
47 2.95 26.31 13.090 13.358
48 1.42 1.42 1.012 1.012
49 1.42 29.15 13.545 13.794
50 1.11 1.11 928 928
51 0.10 30.36 13.693 13.940
52 1.36 31.73 13.832 14.073
53 1.32 1.32 827 827
54 4.42 37.47 14.921 15.132
55 2.12 39.59 14.931 15.122
56 4.64 4.64 1.906 1.924
57 1.99 6.63 2.817 2.842
58 0.56 0.56 761 774
59 0.42 0.98 1.246 1.264
60 0.68 1.66 1.747 1.815
61 1.93 1.93 1.262 1.290
62 0.33 3.92 2.926 3.024
63 1.43 11.97 5.280 5.364
64 1.13 1.13 984 984
65 2.03 3.16 2.178 2.178
66 1.52 4.67 3.168 3.168
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TABLE I11-4 (Cont.)
Present (Existing) Versus Future Combined Peak Flows —
100-Year 24-Hour Storm

Subarea Cumulative Existing Future
Subarea No. Area (sa. mi.) Area (sa. mi.) Peak O (cfs) Peak O (cfs)
67 3.73 20.38 10.226 10.325
68 1.10 1.10 851 851
69 0.27 21.75 10.733 10.838
70 0.42 22.17 10.798 10.893
71 1.00 1.00 780 799
72 0.74 1.74 1.317 1.348
73 3.33 66.82 18.563 18.714
74 2.12 2.12 1.281 1.289
75 0.76 0.76 663 670
76 0.62 3.51 2.124 2.137
77 0.81 4.32 2.406 2.419
78 2.87 74.01 19.030 19.163
79 0.59 0.59 502 522
80 0.22 0.22 236 240
81 0.22 1.03 859 891
82 0.33 0.33 323 323
83 0.10 0.44 396 396
84 0.78 2.24 1.862 1.891
85 0.71 2.95 2.317 2.338
86 0.16 77.13 19.002 19.134

Note: The comnuted flow values were derived for watershed nlanning nurnoses and
should not be considered regulatorv values for permitting purnoses. While thev mav be
used for comnarison or checkineg nurnoses. additional hvdrologic comnutations mav be
needed for the design of bridees. culverts and dams.

Source: Borton-Lawson Engineerine. Inc. 2004
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1. Present (Existing) and Proiected Develonment in the Flood Hazard
Areas

The U.S. Department of Housing and Urban Develobment. Federal Insurance
Administration. Federal Emereencv Management Agencv (FEMA) prevares Flood
Insurance Studies (FISs) and floodnlain manning for the municinalities in the Darbv-
Cobbs watershed. This activitv is now a responsibilitv of the U.S. Department of
Homeland Securitv. Municinalities and the Pennsvlvania Department of Communitv and
Economic Develooment (PADCED) should be contacted as to the latest FIS studies
before use.

There are two tvpes of studies conducted in the FIS nrogram: detailed and annroximate.
Detailed methods included hvdrologic comnutations and detailed HEC-2 or HEC-RAS
backwater compnutations. The areas studied bv detailed methods were selected with
prioritv given to all known flood hazard areas and areas of proiected development and
nronosed construction. Areas studied bv the annroximate methods were areas having low
development potential or minimal flood hazards.

Fieure 11I-10 shows the 100-vear floodplains classified as detailed and approximate as
taken from the FEMA manning for the Darbv-Cobbs watershed. Encroachments of
residential. industrial. and commercial land uses are shown bv overlavine these areas on
the floodnlain in the GIS. Approximatelv 5.236 acres (10.6%) of the watershed are within
floodnlains. Of these 5.236 acres. 2.092 are develoned. The remainder is forest. meadow.
onen snace or water. Table III-5 nrovides a summarv of the total amount of develoned
floodnlain area.

Table III -5
Summarv of the Total Amount of Develoned Floodpnlain Area

Existing Land Use | Acres in Floodnlain | Sauare Miles in Floodnlain
Commercial 261.9 0.41
Farmstead 0.30 0.00
Industrial 299.1 0.47
Institutional 66.8 0.10
Paved 587.7 0.92
R1 205.3 0.32
R2 191.7 0.30
R3 234.5 0.37
R4 2447 0.38
TOTAL 2092.0 3.27

Source: Borton-Lawson Engineering. Inc. 2004

The overall evaluation of the municinal auestionnaires which were received shows
several occurrences of stream flooding throughout the watershed during maior storm
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events. resulting in both private and public pronertv damages. as can be seen in Table 111-
5 and Figures I11-10 and I1I-11.
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Ficure I11-10: Develonment in Floodplains

See Maps Appendix
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Ficure I11-10: Develonment in Floodplains

See Maps Appendix
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Figure II1-11: Overbank Floodineg — Darbv Creek. Borough of Darbv

These problems were verv evident on September 16. 1999 when Hurricane Flovd hit the
east coast. Manv areas across Pennsvlvania received un to 12 inches of rain. According to
newspaner accounts. Unpver Darbv Township received 7 inches of rain that flooded the
banks of Darbv Creek. Fortv-three houses alone Darbv Creek were termed uninhabitable.
These homes are in the desienated floodplain. The area hit the hardest was that of the
1200. 1300. and 1400 blocks of Chestnut Street in Darbv Borough. Two homes were also
destroved on Creek Avenue. All of the 43 homeowners aereed to sell to the Borough.
Several other nronertv owners who exnerienced severe flooding also agreed to sell. Most
of the flooding was likelv due to encroachments onto floodnlain areas and undersized
storm drainage svstems. A laree number of these stormwater related nroblems have also
been traced back to uncontrolled runoff from local and upstream areas. inadeauate storm
drainage svstems. and obstructions in the svstem that are blocking the natural flow of
stormwater.

Stormwater management planning is critical in the areas both affected and currentlv
unaffected bv stormwater nroblems in the Darbv-Cobbs watershed. For areas which are
currentlv being affected. the freauencv of floodine is mainlv during larger storm events.
The Act 167 nlan can significantlv address future more freauent flooding nroblems in
these areas bv managine runoff from newlv develonine areas. This nlan shall also nrovide
these communities with information essential in evaluating and unegradine current
undersized stormwater svstems as indicated in Section III-J. For areas currentlv
unaffected bv stormwater nroblems. the Act 167 nlan shall nrovide controls on future
development to aid in preventine future stormwater runoff nroblems.

111-41
Januarv 2005 Final Draft



One of the biggest nroblems in floodnlain management is the increase in neak flow
caused bv develonment in the watershed. Recognizine this. the Natural Flood Insurance
Program (NFIP) has develoned a Communitv Rating Svstem (CRS) to give communities
credit for floodnlain management activities that exceed the minimum reauirements. As
part of this rating svstem. credit noints can be awarded to communities if thev imnlement
the following:

e regulatorv language (ordinance) reauiring peak rate of runoff from development
to be no ereater than the nre-develooment runoff.

a stormwater master nlan (such as this Act 167 Plan)

state review of the stormwater manaeement nlan

reauirement for a buildine’s lowest floor to be elevated above flood levels

erosion and sediment control regulations (such as Chanter 102)

water aualitv regulations

The more credits a communitv can accumulate. the less its residents will have to nav for
flood insurance. For further information on the communitv ratine svstem. the publication
“CRS Credit for Stormwater Management.” Julv 1996. nublished bv FEMA. is available
at the Countv Planning office.

J. Obstructions

Locations of significant waterwav obstructions (i.e.. culverts. bridees. etc.) were obtained
bv insnection of the United States Geologic Survev (USGS) tonogranhic base man. Data
on these obstructions was then obtained from the Pennsvlvania Department of
Transnortation (PADOT). FEMA Flood Insurance Studies. and field survevs.

The obstruction flow capnacities were then compared to the neak flow at that noint derived
through the modeling process for each desien storm freauencv. The obstructions were
then classified into seven categories as follows:

e Those obstructions which are able to pnass the 100-vear. 24-hour storm without
obstructing the flow.

e Those obstructions which are able to nass the 50-vear. 24-hour storm and greater
without obstructing the flow.

e Those obstructions which are able to nass the 25-vear. 24-hour storm and greater
without obstructing the flow.

e Those obstructions which are able to nass the 10-vear. 24-hour storm and greater
without obstructing the flow.

e Those obstructions which are able to nass the 5-vear. 24-hour storm and greater
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without obstructing the flow.

e Those obstructions which are able to pass the 2-vear. 24-hour storm and greater
without obstructing the flow.

e Those obstructions which are NOT able to nass the 2-vear. 24-hour storm and
oreater without obstructing the flow.

The locations of all obstructions. including those that fall into the seven categories above.
can be found in Figure I1I-12. The obtained data and the obstruction flow canacities can
be found in the Technical Aonendix.

Durine the field work phase of this proiect. proiect team members noted that there were
large numbers of nines and culverts either in disrenair or cloeged to a noint that the flow
capacitv of the pnine was reduced or completelv blocked. It is recommended that
municinalities take advantage of the data collected and shown in Figure I11-12 to rank
which culverts mav need repair. A nrogram should be established bv the municioalities to
maintain unobstructed flow on all culverts and bridees.

K. Existing Drainage Problems and Pronosed Solutions

Information on drainage oroblems and bpronosed solutions was solicited from each
municipalitv within the Darbv-Cobbs watershed bv providing forms to each Watershed
Plan Advisorv Committee (WPAC) member earlv in the Watershed Plan studv.

Problems were discussed at the WPAC meetings and were varied. ranging from regional
flooding to minor. local in nature. consisting of mostlv clogged or undersized inlets and
Cross nines.

The recorded stormwater related nroblems were analvzed to determine if thev were
caused bv localized (i.e.. inadeauatelv sized storm sewers) or regional (i.e.. stream
overbank flooding) sources. As can be seen in Figure I11-11. the nroblems identified can
be classified generallv into one of these two classes. One is those directlv related to or
adiacent to the stream. an indication of a regional or watershed-wide nroblem. The other
problem areas are most likelv caused bv a localized situation. inadeauatelv sized storm
water convevance svstems. sedimentation. or uncontrolled local runoff.

Table I11-6 summarizes the nroblems discussed. These are shown gravhicallv in Figure
111-13 (Problem Areas). Solutions have been nrovosed both formallv and informallv
because of WPAC discussions.

Three hundred and fortv nine (349) nroblem areas were identified in this studv. including
several tvpes of problems. The tvpe. cause. and occurrence of these problems are
indicated on Table III-6. The categories selected in Table III-6 tvpnicallv have similar
causes and solutions that are discussed below.
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Ficure I11-12: Obstructions

See Maps Appendix
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Figure I11-12: Obstructions

See Maps Appendix
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Ficure I11-13: Problem Areas

See Maps Appendix
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Ficure I11-13: Problem Areas

See Maps Appendix
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TABLE II1-6
Darbv and Cobbs Creeks Watershed Problems

MUNICIPALTIY TYPE OF CAUSE OF OCCURANCES TYPES OF
PROBLEMS PROBLEMS OF PROBLEMS DAMAGES
(A) (B) () (D)

Aldan Borough 1 1.2.34 1
Citv of Philadelnhia *
Clifton Heights Borough N/A
Collingdale Borough 1.6 1.2.3 1.2
Colwvn Borough 1.2.6 1.2.34 1.2 3
Darbv Borough 1.2.3.4.6.7 1.2.4.5 1.2 2.3
Darbv Township 1.2.6 1.2.34 1 3
East Lansdowne Borough N/A
Easttown Townshin 1.2.3.6 1.2.3.4 1.3 3
Folcroft Borough 1.7 1.2.34 2 3
Glenolden Borough *
Haverford Townshin N/A
Lansdowne Borough 1.2.3.6 1.2.34 1.2 3
Lower Merion Townshin 1.2.3.5 1.2.34.5 1.2 3
Marnle Townshin *
Millbourne Borough 2.3 1.2.4 3 3
Morton Borough 1.2.3 1.2.34 1.2 3
Narberth Borough 1 1 2 3
Newtown Townshin 7 1.2.3 1 3
Norwood Borough 1.2.3 5 1.3 3
Prosnect Park Borough 1.3 1.2.34 1.2
Radnor Townshin 1.2.3.6 1.2 1.2 3
Ridlev Township 1.2.3.6 1.2.34 1.2 3
Ridlev Park Borough N/A
Rutledege Borough 1 1.2.3 1 3
Sharon Hill Borough 1.2 1.2 1 3
Soringfield Townshin 1.2.3.6 1.2.34.5 1.2 3
Tinicum Townshin 1.2.3 1.2.4 1 3
Tredvffrin Townshin N/A
Upper Darbv Townshin 1.6 1.5 1.2 3
Yeadon Borough 1.2.3.6.7 5 2.3 3
N/A  No problem areas reported
* No Data Collection Forms Received
Tvoes of Problems Causes of Problems
(A) 1. Flooding (B) 1. Stormwater Volume

2. Accelerated Erosion 2. Stormwater Velocitv

3. Sedimentation 3. Stormwater Direction

4. Landslide 4. Water Obstruction

5. Groundwater 5. Other

6. Water Pollution

7. Other
Occurrences of Problems Tvnes of Damages
(C)  1.>1 time per vear (D) 1. Loss of life

2. <1 time per vear 2. Loss of vital services

3. Onlv maior flood events 3. Pronertv damage

Source: Borton-Lawson Eneineerine. Inc. 2004
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Erosion and Sedimentation (E & S)

The Chester. Monteomerv. and Delaware Countv Conservation Districts and the Citv of
Philadelphia are resnonsible for administering PA Title 25. Chanter 102 (Erosion Control
Regulations). These regculations address accelerated erosion and the resulting
sedimentation from earthmoving activities. Permanent stabilization of exnosed areas and
prover stabilization of channels of convevance will reduce erosion problems.

Storm Sewers. Culverts. and Qutlets

Some of the problems identified in Table III-6 are the result of inadeauatelv sized storm
culverts. and/or unstable outlets that traverse state. townshin. or orivate roads. The
tvoical solution involves performing a hvdrologic studv to determine pine size and
renlacing the nine with a nronerlv sized unit. Costs are tvnicallv borne bv the owner of
the road.

Bridgoes

Because of the high bedloads of streams within the watershed. eravel devosits reduce the
waterwav onening which in turn threatens bridee convevance canacitv. The pronosed
solution tvpicallv involves performing a hvdrologic studv and increasing the hvdraulic
canacitv underneath the roadwav. Costs are tvnicallv borne bv the owner of the bridge.

Flooding

As discussed in Section III-I. Darbv Creek and its tributaries have caused flooding
conditions in the Darbv-Cobbs watershed. The areas within the watershed immediatelv
adiacent to Darbv Creek and various low lvine wetland areas are generallv subiect to
minor flooding after rain or thaw conditions. Flooding in the watershed can be classified
into two categories: 1) local floodine caused bv inadeauatelv sized storm culverts: and 2)
flooding caused bv the location of structures within the floodnlain of the maior
tributaries. Of the sites identified in Table III-6. most are caused bv inadeauate
convevance svstems in develoned areas: however. for instance the floodine in Darbv
Borough is caused bv overbank floodine.

L. Existine and Pronosed Stormwater Collection Svstems

Based on the information in the data collection forms. supplied bv the municinalities
through the survev. stormwater collection svstems in the Darbv-Cobbs watershed are
located in the southwestern part of the watershed near Morton Boroueh and Ridlev
Townshin. In Colwvn Borough also has stormwater collection svstem. There are no
pronosed storm water collection svstems for the next ten vears known at this time.
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M. Existineg and Pronosed State. Federal and Local Flood Control Proiects

Several agents including U. S. Armv Corps of Engineers. Delaware River Basin
Commission (DRBC). and the Pennsvlvania Depnartment of Environmental Protection
(DEP) have studied the problems and propnosed solutions for flood control. and
streambank erosion control at Sorinefield and Unner Darbv Townshins. and Lansdowne
and Darbv Boroughs within the Darbv-Cobbs watershed in the 70’°s and earlv 80’s. An
environmental revort related to flood control and a recreation nroiect in Darbv Creek and
Cobbs Creek Watershed was prepared bv U. S. Armv Corps of Engineers in earlv 1970.
According to the information collected using data collection forms that were submitted
bv the municinalities in the Darbv-Cobbs watershed. there are various existine flood
control nroiects in the lower middle nortion of the watershed. Dam and bioengineering
stream bank stabilization has been found in Darbv Borough along Darbv Creek. Upper
Darbv Townshin. in the vicinitv of Navlor’s Run. has several gabion dams and trash rack
dams for the 25-vear designed flood freauencv. In Ridlev Townshin. impoundment and
channel widening/rin ran control vroiects are found. Morton Borough has a concrete
lining flood control proiect. and Marple Township has 100 lineal feet of rin-rap for
control of the 100-vear flood freauencv control. Several flood control proiects were
pronosed in Darbv Creek bv Darbv Borough and Morton Borough. Morton Borough has
nronosed a channel excavation/widening flood control nroiect in the watershed while
Darbv Boroueh has finished a oreliminarv phase studv of stream bank stabilization
proiects along Darbv Creek.

N. Existing and Pronosed Stormwater Control Facilities

There are manv known orivate stormwater control facilities as shown in Figeure III-14.
The cost. desien. canacitv. construction and oneration of these nrivate facilities cannot be
proiected at this time since thev occur on a case bv case basis as a develooer buvs land.
submits nlans. and develons the tract. Tvnicallv. the cost of such facilities is naid through
the develoner's financing with costs transferred to the buver.

As vart of the modeling effort. an investieation was made into the hvdroloeic impacts
which existing stormwater control facilities have on current watershed flows. A field visit
was performed to collect information on several stormwater management facilities within
the Darbv-Cobbs watershed. such as size. drainage area and outlet control configurations.
Since information on all stormwater control facilities within the watershed could not be
collected due to site access constraints or lack of structure information. it was decided to
use a representative site. and then extranolate the imnacts of the site stormwater control
facilities to the watershed. The renresentative site for this investigation was the Harrison
Estate’s residential subdivision in Newtown Townshio (Subareas 12 and 17). This site
contains four laree stormwater control basins which control annroximatelv 68 acres of
drainage area. or approximatelv 0.14%. of the total Darbv-Cobbs watershed. Table III-7
shows that the basins have minimal imnact on the 25- vear and 100- vear flows on Darbv
Creek at a point immediatelv above the confluence with Cobbs Creek. Since no maior
imnacts on watershed flows were noted due to these large basins. it is unlikelv that the
smaller basins would have anv significant impact on watershed flows.
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Figure I11-14: Flood and Stormwater Facilities

See Maps Appendix
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Figure I11-14: Flood and Stormwater Facilities

See Maps Appendix
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TABLE I11-7
Harrison Estate Detention Basins
Impacts of Watershed Flows

Flow Flow Flow With % Change
Freauencv Without Basins Basins
(vrs) (cfs) (cfs)
2 2.674 2.675 0.00 %
25 9.503 9.501 0.00 %
100 14.931 14.932 0.00 %

Source: Borton-Lawson Engineerine. Inc. 2004

There are 15 known dams in the Darbv-Cobbs watershed. accordine to PADEP records.
The maioritv (11) of these dams are classified as small impoundments. which have little
imnact on watershed hvdrologv. The four (4) lareer dams within the watershed were
included in the hvdrologic model and are listed in Table III-8 below. alone with their
attenuation impacts and maximum storage volume for the 100- vear storm event.

TABLE III-8
Darbv and Cobbs Dams
100-Year Flow Attenuation

100- Year Flow (cfs) Maximum
Storagse Volume
Lake DEP ID Subarea Into Dam Outof Dam (acre-ft)
Devon Detention Basin D15-327 5 655 645 15.5
Earles Lake D23-036 24 349 330 51.3
Knox Road Detention Basin D46-303 58 761 745 8.2
Remington Road Detention Basin  D46-265 59 1.246 1.244 23.7

*Storage above normal pool volume

Source: Borton-Lawson Engineering. Inc. 2004

0. Wetlands

Wetlands were obtained from the National Wetlands Inventorv Maps in digital format
and incornorated into the overall GIS. Figure III-15 shows the wetlands for the
watershed.

Wetlands nlav an important nart in flood flow attenuation and oollutant filtering.
Wetlands within the watershed are nrimarilv found alone Darbv Creek’s overbanks and
in the lower nortion of the watershed within the John Heinz National Wildlife Refuge.
Wetland flood flow attenuation was accounted for in the computer modeling bv adiusting
the stream routing time. or stream velocities. for overbank events. Wetlands should be
preserved throueh the ioint permit anplication process.

111-53
Januarv 2005 Final Draft



Ficure I11-15: Wetlands

See Maps Appendix
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Ficure I11-15: Wetlands

See Maps Appendix
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P. Outfalls

Manpine and documenting storm water outfalls is one of the six municinal control
measures (MCMs) categories itemized in the PADEP MS4 Stormwater Management
Program Protocol to meet the reauirements of the NPDES Phase II proeram. The
obiective 1s to detect and eliminate illicit discharees from municinal storm sewers.

The municinalities within the watershed were tasked with locatineg the storm sewer outfall
locations and completing an outfall information form (Form O). Information to be
entered on the form included a uniaue identifier for the outfall. the receiving water. the
municinalitv. basic structural information and observations that mav indicate illicit
discharges (colors. odors. etc.).

Mans showing the outfall locations and the forms with the outfall information were
provided to Borton-Lawson in both hard coov and dieital formats. Not all municinalities
submitted data. Borton-Lawson created a noint shane file for each municinalitv showing
the location of the outfalls within the watershed and compiled all the outfall information
into Excel snreadsheets. The individual municinal shane files were merged into a single
watershed-wide shane file and the individual spreadsheets were comniled into a single
master spreadsheet.

The master snreadsheet and watershed-wide outfall shane file were then linked to create a
single GIS laver representine storm sewer outfall information in the watershed. Over 600
outfalls were identified and manned and labeled. Figures III-16A through III-16E show
the outfall locations and IDs at a readable scale. Sorinefield Township supplied a
Microstation file (stormswr.den) and an Access database (stormsewer.mdb) of storm
sewers. The database did not distineuish outfalls but thev are included in the overall
stormwater apourtenances. (See Apnendix D of the Technical Appendices).
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Ficure I1I-16A: Outfalls

See Maps Appendix
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Ficure I1I-16A: Outfalls

See Maps Appendix
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Figure I11-16B: Outfalls

See Maps Appendix
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Ficure I11-16B: Outfalls

See Maps Appendix

111-60
Januarv 2005 Final Draft



Figure III-16C: Outfalls

See Maps Appendix
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Figure II1I-16C: Outfalls

See Maps A ppendix
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Figure II1I-16D: Outfalls

See Maps Appendix
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Ficure I11-16D: Outfalls

See Maps Appendix
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Ficure I1I-16E: Outfalls

See Maps Appendix
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Ficure III-16E: Outfalls

See Maps Appendix
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SECTION 1V

WATERSHED TECHNICAL ANALYSIS

A. Watershed Modeling

An 1initial step in the nreparation of this stormwater management plan was the selection of
a stormwater simulation model to be utilized. It was necessarv to select a model which:

e Modeled desiegn storms of various durations and freauencies to nroduce routed
hvdroeranhs which could be combined.

e Was adantable to the size of subwatersheds in this studv.

e (Could evaluate snecific phvsical characteristics of the rainfall-runoff process.

e Did not reauire an excessive amount of inbut data vet vielded reliable results.

The model decided unon was the U. S. Armv Corns of Engineers. Hvdrologic
Engineering Center. Hvdrologic Modeling Svstem (HEC-HMS) for the following
reasons:

e [t had been develoned at the Hvdrologic Engineering Center snecificallv for the
analvsis of the timing of surface flow contributions to peak rates at various
locations in a watershed.

e Althougeh originallv develoned as an urban runoff simulation model. data
reauirements make it easilv adantable to a rural situation.

e [nnut narameters provide a flexible calibration process.

e It has the abilitv to analvze reservoir or detention basin routing effects and
location in the watershed.

e [t is accented bv the Pennsvlvania Denartment of Environmental Protection.

Although other models. such as TR-20. mav nrovide essentiallv the same results as the
HEC-HMS. HMS’s abilitv to compare subwatershed contributions in a peak flow
presentation table make it snecificallv attractive for this studv. The HEC-HMS Model
generates runoff flows for selected subareas along the drainage course and compares
subarea contributions to the total runoff. The model generates runoff auantities for a
specified desien storm based unon the phvsical characteristics of the subarea. and routes
the runoff flow through the drainage svstem in relation to the hvdraulic characteristics of
the stream. The amount of runoff generated from each subarea is a function of its slope.
soil tvne or nermeabilitv. percent of the subwatershed that is develoned. and its
vegetative cover. Composite runoff curve numbers were generated bv overlaving the land
use man with the subarea and hvdrologic soil eroun mans. The generated curve numbers
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were then used for innut into the computer model. Figure IV-1 disnlavs the subarea
delineation for Darbv-Cobbs Creek watershed on digital USGS Ouadrangles or digital
raster graphics (DRG’s).

B. Modeling Process

After delineating the Darbv-Cobbs Creek watershed on the USGS tonogranhic man. the
watersheds were divided into subwatersheds for modeling purposes. The main
considerations in the subdivision process were the location of obstructions problem areas.
and tributarv confluences. The most downstream point of each of these areas is
considered a “point of interest” where increased runoff must be analvzed for its potential
impact.

The reason points of interest are selected is to nrovide watershed runoff control through
effective control of individual subarea runoff. Thus. control of stormwater runoff in the
entire watershed can be achieved through stormwater management in each subbasin.

The watersheds were then modeled to determine the hvdrologic response for the 1. 2. 5.
10. 25. 50. and 100-vear for the 24-hour storm events. The results are shown in Volume
I11. Technical Abpnendix available at the Countv Office.

The modelineg nrocess addressed:

e peak discharge values at various locations along the stream and its tributaries:

e time to neak for the above discharges:

e runoff contributions of individual subareas at selected downstream locations: and

e overall watershed timine.

C. Calibration

In order to simulate storm flows for a watershed with confidence and reliabilitv. the
computer model must first be calibrated. This involves “fine tunine” the model to nrovide
the most accurate representation of the real runoff and timine conditions of a watershed.
Calibration of a model involves the adiustment of input narameters (within accentable
value ranges) to reproduce the recorded response of storm events.

When actual storm event data is available (i.e. stream flow and rain gauge data). this
information can be innut into the model and simulated “hvdrogranhs” develoned bv the
model. Hvdroeranhs are simplv a nlot of time versus flow in cubic feet ver second. To
simulate a specific event. antecedent moisture conditions and rainfall distribution must be
duplicated in the model input. Adiustments to other narameters are then made to attemnt
to dunlicate hvdroeranh shanes and neak flow rates at noints in the watershed where flow
recordings were made. In order to utilize actual stream flow and rain eauee data for
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Ficure IV-1 — Subareas

See Maps A ppendix
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Ficure IV-1 — Subareas

See Maps A ppendix

V-4
Januarv 2005 Final Draft



calibration. sufficient data must be available. Rain gauges must be in close proximitv to
the watershed so that actual rainfall conditions from these gauges are renresentative of
the actual rainfall that occurs over the watershed. Localized events. snowmelt. and uniaue
conditions are tvpnicallv not used for calibration due to their uniaue circumstances.

In order to maximize the accuracv of the HEC-HMS model. the model was calibrated
effort was undertaken. At several essential points in the watershed. HEC-HMS eenerated
flows were comnared to historic event discharees from USGS eauge data and develoned
from available reeression models tvpnicallv used in the estimation of design storm peak
flow on large watershed.

FEMA Flood Insurance Studies were also referenced in areas where detailed floodnlain
information was available. FIS cross-sections were referenced for Manning’s values.
channel capacities. and channel and overbank velocities. Certain areas were field verified.

There are several notential calibration narameters within HEC-HMS. These include
initial abstraction. surface roughness. subbasin time of concentration. runoff curve
number. and hvdrogranh routing velocitv and travel time. Several runs were nerformed
for sensitivitv analvses of each of these narameters. From these runs. it was determined
that the initial rainfall abstraction and subarea travel time. were the most sensitive
parameters. These numbers could be revised with confidence. while remainine within an
accentable ranee of values. for similar soil and sloned subareas. to arrive at flow values
from the cauee data.

Historic Storm Calibration Results

In order to calibrate the watershed model against historic storm events. streamflow data
was collected from USGS at six available stream gauees (Table IV-1) within the Darbv-
Cobbs watershed. This data was analvzed to select events which could be modeled using
the HEC-HMS model. Tvoicallv. events which are results of isolated thunderstorm.
snowmelt or a combination of rainfall/snowmelt are not ideal for modeline since manv
factors. other than rainfall can affect results.
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TABLE IV-1
USGS Stream Gauges within the
Darbv — Cobbs Creek Watershed

USGS Location Period of
Gauge Record
No.:

01475300 | Darbv Creek At Waterloo Mills Near Devon. Pa. 1972-97
01475510 | Darbv Creek Near Darbv. Pa 1964-90
01475530 | Cobbs Cr At U.S. Hiehwav No. 1 At Philadelphia. Pa 1965-80
01475550 | Cobbs Creek At Darbv. Pa 1964-90
01475560 | Muckininattis Creek At Glenolden. Pa 1975-86
01475660 | Stonv Creek At Prosnect Park. Pa 1975-86

Accurate rainfall data is also critical to historic event modeling. Since rainfall natterns
can varv greatlv throughout a watershed area. it is desirable to have manv rainfall eauees
located within the watershed boundarv to accuratelv model a given storm event. However
for the Darbv-Cobbs Creek watershed. no rainfall eauces were located within the
watershed boundarv. Several cauges were located outside of the Darbv-Cobbs Creek
watershed boundarv. within a 30-mile radius of the watershed. Rainfall data from these
gauges were collected and reviewed alone with the streamflow data in order to select
historical events for modeling. The final list of selected events is listed in Table IV-2
along with the recorded neak flow. This table also comnares the results of the hvdrologic
model simulation of these events.

TABLE 1V-2
Comparison of Recorded Peak Flows
To Calibrated Model Flows for Selected Events

Flow Location
Storm Event Darbv Creek near Darbv Cobbs Creek at Darbv
Date Recorded Flow Model Flow Recorded Flow Model Flow
Julv 1984 4.084 4.166 3.940 3.383
Aoril 1984 2.570 2.374 2.040 1.592
Sepntember 1985 2.080 2.073 2.540 2.844
December 1986 2.510 2.617 2.270 2.754

Figures IV-2 and V-3 show a comnarison of the recorded hvdrogranhs for the December
1986 storm event to the hvdroeranhs develoned bv the HEC-HMS model of the Darbv-
Cobbs Creek watershed. Results of this model showed verv good overall results of peak
flow. time of peak and runoff volume when comvared to the actual recorded events.
Additional nlots comnarine results of the model for the other historical events can be
found in Volume III. Technical Appendix.
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FIGURE IV-3
Hvdrogeranhics Comparison — December. 1986 Event and
HEC-HMS model outnut at Darbv Creek near Darbv. PA

December 1986 Storm Event
Cobbs Creek at Darbv. PA
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Desien Storm Calibration Results

In order to calibrate to develoo design event flood flows. the 2-. 10- and 100- vear desien
storms were analvzed to compnare HEC-HMS generated flow to flows develoned bv the
regression models as well as in the available FEMA Flood Insurance Studies.

Fieures IV-4 throueh IV-6 show results of the peak flow values develobed bv the
calibrated HEC-HMS model comnared to nredicted flow values determined from several
regression methods at various locations throughout the Darbv-Cobbs Creek watershed.
Table V-4 comnares the calibrated HEC-HMS model to flood flow values determined bv
FEMA at several locations throughout the watershed. It should be noted that reeression
methods oftentimes do not account for localized variables such as soils and tonoeranhv.
Therefore. on a subwatershed basis. the results mav varv.
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TABLE 1V-3
Comparison of Calibrated Model To
100- Year FEMA Flow Values
Subarea Drainage Area FEMA Flows Calibrated Model
No. (sa. miles) (cfs) Flows
(cfs)
13 6.50 4.100 4.578
23 3.60 2.450 2.197
31 1.30 1000 762
32 15.00 8.100 8.879
55 39.70 17.000 14.931
66 4.50 3.000 3.168
67 16.90 8.400 8.403
70 22.00 11.200 10.798
71 1.00 640 780
78 2.90 1.650 2.317
1V-10
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D. Hvdrologic Method Comparison

The calibrated model was run under different scenarios to compare the results obtained
bv the model with the results from various other calculation methodologies. This
evaluation was conducted to determine the aoolicabilitv of other engineering methods in
generating stormwater flows within the watershed. These other methods. which included
the S.C.S. Tabular Method and the Rational Method. were analvzed for watershed areas
from 0.5 to 2.0 sauare miles. For the Rational Method. various sources of Rational "C"
coefficients were referenced. Results for these methods were then compared with results
generated from runs on the calibrated HEC-HMS model. Fieure 1V-7 summarized these
comparisons.

Results from this comvarison show that either the curve number method or Rational
Method could be used in determining nre- and nost-develonment runoff neak rates. These
results are valid when usine the SCS curve numbers and Rational "C" values specified
the New Jersev Denartment of Transportation (1984). (given in Ordinance Annendix B).

Fioure IV-7
Hvdrologic Method Comparison
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SECTION V
STANDARDS AND CRITERIA FOR STORMWATER CONTROL
A. Watershed Level Control Philosonhv

An increase in development. and in turn. an increase in impoervious surfaces. results not
onlv in an increase in runoff neaks but also in runoff volume. The nrimarv difference
between on-site runoff control philosophv and the watershed level philosophv is the
manner in which runoff volume is managed. Conventional on-site control nhilosonhv has
as its goal the control of runoff peaks from the site. There are numerous volume controls
that can be imnlemented on-site such as infiltration basins. norous navement. etc. The
provosed watershed level runoff control philosophv seeks to manage the increase in
runoff volumes such that the neak rates of runoff throughout the watershed are not
increased. The basic goal is therefore the same for both on-site and watershed level
philosonhies.

B. National Pollutant Discharge Elimination Svstem (NPDES) Phase 11
Reauirement

Federal regulations approved in October 1999 reauired ooerators of small municinal
separate storm sewer svstems (MS4s) to obtain NPDES Phase Il nermits from DEP bv
March 2003. This nrogram affects all municioalities in “urbanized areas” of the state.
This definition annlies to all Darbv-Cobbs watershed municinalities as listed in Section
III. Table III-1. Therefore. all municinalities within the Darbv-Cobbs watershed are
subiect to the NPDES Phase II reauirements mandated bv the Federal Clean Water Act.

Municinalities reauired to imnlement the MS4 nrogram must address the following six
minimum control measures (MCM’s):

Public Education and Outreach

Public Involvement/Particination

Illicit Discharge Detection and Elimination

Construction Site Storm Water Runoff Control

Post-Construction Storm Water Management in New Development &
Redevelonment

e Pollution Prevention/Good Housekeening for Municinal Onerations

At a minimum. municinal entities regulated under MS4 must:

Specifv BMPs and implement them to the “maximum extent practicable”
Identifv measurable eoals for control measures

Develon an implementation schedule of activities or freauencv of activities. and
Define the entitv responsible for imnlementation
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The affected municioalities must. if thev alreadv do not have one in place. develoo a
stormwater management program. If a municinalitv has an established stormwater
management program. and is subiect to the provisions of the Phase II Rule. then
provisions of the rule must be imnlemented to satisfv the federal reauirements.
Avovolicable information concerning some of the specifics of this permitting program can
be found in Annendix 2 of this nlan.

Adontion of the Darbv-Cobbs Watershed Stormwater Management Plan and model
ordinance porovisions will satisfv the four basic reauirements noted above and. at a
minimum. one of the six reauired elements of the NPDES II nrogram. snecificallv. nost-
construction stormwater management in new develonment and redevelopment.

The NPDES proeram has no exemotion criteria: thus. all proiects within reeulated
municinalities will be reauired to comnlv with the additional water aualitv and auantitv
measures of the regulations. The exemntion criterion of the model ordinance (see Section
V.L of this nlan for further details and Section 105 of the model ordinance for snecific
exemption laneuage) reauires water aualitv control regardless of proiect size.

For example. if an activitv meets the water aquantitv exemption criterion of the model
ordinance. the anolicant would still be reauired to imnlement snecified minimum BMPs
to satisfv the water aualitv obiectives of the stormwater management plan. This anolicant
would not need to submit the formal drainage nlan. but would need to indicate to the
municinal Engineer the tvbe of BMP being used. In this wav. municinalities adonting the
model ordinance provisions will be able to show comnliance with one or more of the
reauired elements of the NPDES 11 reculations.

C. Standards and Criteria — Five Phased Approach

The goal of Act 167 and this stormwater management plan is to encourage planning and
management of stormwater runoff that is consistent with sound water and land use
practices. In addition. the Act authorized a comnrehensive stormwater management
program designated to preserve and restore flood carrvine caoacities of streams. preserve
to the maximum extent practical natural stormwater runoff reeimes and the natural
course. current and cross sections of streams. and to protect and conserve eround waters
and eroundwater recharee areas. Maintaining the existing hvdrologic regime for newlv
developing areas in the watershed and restoring the previouslv functionine hvdrologic
regime in redeveloning areas of the watershed is the best means to accomnlish this goal.
The technical standards and criteria develoned as a vart of this task will be watershed-
wide in their internretation and/or anolication. To strive towards achievine this eoal. and
to address streambank erosion. floodine. water aualitv. eroundwater recharee. and
stormwater management measures on develonment sites should consider the following
five (5) obiectives noted in Figure V-1:

e Maintain eroundwater recharge
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Maintain or imnrove water aualitv
Reduce channel erosion

Manage overbank flood events
Manage extreme flood events

Recommended standards and criteria accommodate various tvpes of land development
activities. The standards and criteria bprovide management ovractices for the
implementation of stormwater control measures.

The standards and criteria also addresses the following:

a. Identification of all areas within the watershed where different criteria
anolv:
b. Recommended Stormwater Management Districts to manage accelerated

runoff from the subareas identified in item a:

C. Recommended desien flood freauencies and comoutational methodologies
for stormwater management measures:

d. A list of recommended alternate stormwater collection and control
measures:
e. Snecifications for construction and maintenance of stormwater svstems:
f. Safetv reauirements for stormwater svstems during and after construction:
V-3
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FIGURE V-1
Process Utilized Analvzing Five Comprehensive Managsement Obiectives
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1. Groundwater Recharge

Rechargine rainfall into the eround replenishes the eroundwater that nrovides baseflow to
streams. (a nrocess that keens streams flowing during the drier summer months). and
maintains eroundwater for drinking water purposes. As development occurs and the
imoervious area increases. less rainfall reaches the eroundwater svstems resulting in
lower base flows and smaller eroundwater suoplies. It has also been found that
streambank canacities are eauivalent to annroximatelv the 1% vear storm. and
streambanks begin to erode when flows aporoximate this denth. a term called critical
velocitv.

Although detention basins can reduce the nronosed conditions neak rate of flow to the
existing conditions rate. the increased volume of runoff still gets passed downstream
unless snecial nrovisions are designed into the basin to recharee this increase in runoff
volume.

Thus in highlv develoned watersheds. it is not uncommon to see drv streams alone with
severelv denleted eroundwater drinking sunnlies during neriods of drought. Stormwater
management measures such as porous pavement with undereround infiltration beds and
infiltration/recharee structures or Best Management Practices (BMPs) can be designed to
promote eroundwater recharge. These measures are encouraged. varticularlv in
hvdrologic soil grouns A and B and should be utilized wherever feasible.

It is realized. however. that due to certain soils and tonogranhic conditions. recharge mav
not be feasible on everv site. It will be up to the desien professional. therefore. to show
that this cannot be nhvsicallv accomnolished. If it can be phvsicallv accomnlished. then
the volume of runoff to be infiltrated shall be determined from the following criteria.

Size of the Infiltration Facilitv
The size of the infiltration facilitv shall be based unon the following volume criteria:

a. Net Two Year Volume Aononroach - In Hieh Oualitv or Excentional Value
(HO/EV) Watersheds. the retention (infiltration) volume (Re,) volume to be
captured and infiltrated shall be the net 2 vear-volume anporoach. The net 2-vear
volume shall determined bv plotting the 2-vear proiect site post-development
hvdrogranh. drawing a straight line from the noint-of-inflection of the risine limb
of the hvdrograoh to the nredevelonment 2-vear storm and measurine the volume
under the curve as shown in Fieure V-2.
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FIGURE V-2
Infiltration Hvdrogranh

Two Year Post-develonment
Two-Year

HVdrograt)h
Net Volume

Inﬁltrate Two-Year
Predevelopment
Peak Flow

Point of
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1 135 4.5 5.5 16

Time (min)

Q (cfs)

b. One Inch from Impervious Surface - In other portions of the watershed that are
not classified as High QOualitv or Excentional Value (HO/EV). the retention
(infiltration) volume (Re,) will be eaual to canturing one (1) inch of rainfall over
all nronosed imnervious surface.

Re, =1 * impervious area (sauare feet) <+ 12 (inches) = cubic feet (cf)

An asterisk (*) in eauations denotes multinlication.
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C. Obtainine the Re, volume as described. above mav not be feasible on everv site
due to site-snecific limitations such as soil tvoe. If it cannot be phvsicallv
accomplished. then the desien professional shall be responsible to show that this
cannot be nhvsicallv accomnlished. If it can not be nhvsicallv accomnlished. then
the retention (infiltration) volume Rev reauired shall be as much as can be
phvsicallv accomolished with a minimum of 0.50 inches denending on
demonstrated site conditions. It has been determined that caoturing and
infiltrating 0.50 inches of runoff from the imnervious areas will aid in maintaining
the hvdrologic regime (baseflow) of the watershed. If the eoals of the Net Two
Year Volume Aonnroach nor the One Inch From Imnervious Surface Aonroach can
be met. then 0.50 inches of rainfall shall be retained and infiltrated from all
Impervious areas.

The minimum recharege volume (Re,) reauired would therefore be computed as:

Re, =1 * impervious area (sauare feet) + 12 (inches) = cubic feet (¢
An asterisk (*) in equations denotes multiplication.
Where:

I = The maximum eauivalent infiltration amount (inches) that the site can phvsicallv
accent or 0.50 inches. whichever is greater.

The retention volume values derived from the above is the minimum volume the
Applicant must control through an infiltration BMP facilitv. However. if a site has areas
of soils where additional volume of retention volume can be achieved. the aoplicant is
encouraged to infiltrate as much of the stormwater runoff from the site as nossible.

If the minimum of 0.50 inches of infiltration reauirement cannot be achieved. a waiver

from Ordinance Section 405. Groundwater Recharge would be reauired from the
Municinalitv.
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Soils

A detailed soils evaluation of the proiect site shall be reauired to determine the suitabilitv
of infiltration facilities. The evaluation shall be performed bv a aualified design
professional. and at a minimum. address soil nermeabilitv. depth to bedrock and suberade
stabilitv. The general nrocess for designing the infiltration BMP shall be:

a. Analvze hvdrologic soil erouns as well as natural and man-made features within the
site to determine general areas of suitabilitv for infiltration practices. In areas where
develooment on fill material is under consideration. conduct geotechnical
investigations of sub-grade stabilitv: infiltration is not permitted to be ruled out
without conducting these tests.

b. Provide field tests such as double ring infiltrometer or hvdraulic conductivitv tests (at
the level of the nrovnosed infiltration surface) to determine the aporooriate hvdraulic
conductivitv rate. Percolation tests are not recommended for design purnoses.

c. Desien the infiltration structure for the reauired retention (Re,) volume based on field
determined capacitv at the level of the nronosed infiltration surface.

d. If on-lot infiltration structures are nrovosed bv the Applicant’s desien nrofessional. it
must be demonstrated to the municinalitv that the soils are conducive to infiltration
on the lots identified.

Minimum Reauirements for all Infiltration BMPs:
Infiltration BMPs shall meet the following minimum reauirements:

a. Infiltration BMPs intended to receive runoff from develooed areas shall be selected
based on suitabilitv of soils and site conditions. A detailed soils evaluation of the
proiect site shall be reauired where nracticable to determine the suitabilitv of recharge
facilities. The evaluation shall be performed bv a aualified desien professional. and
at a minimum. address soil nermeabilitv. denth to bedrock and suberade stabilitv.

b. Infiltration BMPs shall be constructed on soils that have a minimum denth of 24
inches between the bottom of the facilitv and the seasonal high water table and/or
bedrock (limiting zones)

c. Infiltration BMPs shall be constructed on soils that have an infiltration rate sufficient
to accept the additional stormwater load and drain completelv as determined bv field

tests conducted bv the Owner’s nrofessional designer.

d. The Infiltration BMP shall be canable of completelv infiltrating the recharee volume
within 4 davs (96 hours).
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e. Pretreatment shall be provided vrior to infiltration.
Designing the Infiltration BMP

Extreme caution shall be exercised where infiltration is prooosed in eeologicallv
suscentible areas such as limestone. Extreme caution shall also be exercised along
roadwavs and road salt storage areas where salt or chloride would be a pollutant since
soils do little to filter these nollutants and thev mav contaminate the groundwater. The
aualified design nrofessional shall evaluate the possibilitv of eroundwater contamination
from the nronosed infiltration/recharge facilitv and nerform a hvdrogeologic iustification
studv if necessarv. A detailed hvdrogeologic investigation mav be reauired bv the
municinalitv. The infiltration reauirement in High Qualitv/Excentional Value waters shall
be subiect to the Department’s Chanter 93 Antidegradation Regulations. The
municinalitv mav reauire the installation of an imnermeable liner in detention basins
where the possibilitv of eroundwater contamination exists.

Safeguards shall be provided against eroundwater contamination for uses that mav cause
oroundwater contamination from a mishan or snill. Extreme caution shall be exercised
where infiltration is probosed in Source Water Protection Areas. Recharee/infiltration
facilities should be used in coniunction with other innovative or traditional BMPs.
stormwater control facilities. and nonstructural stormwater management alternatives. It is
extremelv important that strict erosion and sedimentation control measures be annlied
surrounding infiltration structures during installation to prevent the infiltrative surfaces
from becomine clogged.

Stormwater Hotspnots

If a provnosed site is designated as a hotspot. as defined in Table V-1. it has important
implications for how stormwater is managed. First and foremost. untreated stormwater
runoff from hotspots shall not be allowed to recharee into eroundwater where it mav
contaminate water sunnlies. Therefore. the Re, reauirement shall NOT annlied to
development sites that fit into the hotspot categorv (the entire WOv must still be treated).
Second. a ereater level of stormwater treatment shall be considered at hotsnot sites to
prevent nollutant washoff after construction. EPA’s NPDES stormwater proeram reauires
some industrial sites to prepare and implement a stormwater pollution prevention plan.
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Table V-1 — Classification of Stormwater Hotspots

* Vehicle salvage vards and recvcling e Outdoor liauid container storage
facilities
* Vehicle fueling stations * Outdoor loadine/unloading facilities
* Vehicle service and maintenance  Public works storage areas
facilities
» Vehicle and eauipment cleanine facilities e Facilities that generate or store hazardous
materials
* Fleet storage areas (bus. truck. etc.) » Commercial container nurserv
* Industrial sites (based on SIC codes * Other land uses and activities as
outlined in the SPDES) desiegnated bv an approoriate review
authoritv

» Marinas (service and maintenance)

Source: Borton-Lawson Engineering. Inc. 2004

The following land uses and activities are not normallv considered hotspots:

Residential streets and rural hichwavs
Residential develobpment

Institutional develobpment

Office developments

Non-industrial rooftons

Pervious areas. excent golf courses and nurseries (which mav need an Integrated
Pest
Management (IPM) Plan).

While large hichwavs (average dailv traffic volume (ADT) greater than 30.000) are not
designated as a stormwater hotspot. it is important to ensure that hichwav stormwater
management plans adeauatelv protect eroundwater.

e [Extreme caution shall be exercised where infiltration is nronosed in Source Water
Protection Areas as defined bv the local Municinalitv or Water Authoritv.

e Infiltration facilities shall be used in coniunction with other innovative or
traditional BMPs. stormwater control facilities. and nonstructural stormwater
management alternatives.

e Extreme caution shall be exercised where salt or chloride (municinal salt storage)
would be a nollutant since soils do little to filter this vollutant and it mav
contaminate the eroundwater. The aualified desien professional shall evaluate the
nossibilitv of groundwater contamination from the nronosed infiltration facilitv
and nerform a hvdrogeologic iustification studv if necessarv.

V-11
Januarv 2005 Final Draft




e The infiltration reauirement in High Oualitv/Excentional Value waters shall be
subiect to the Department’s Chanter 93 Antideeradation Regulations.

e An impermeable liner will be reauired in detention basins where the nossibilitv of
oroundwater contamination exists. A detailed hvdrogeologic investieation mav be
reauired bv the municinalitv.

The municinalitv shall reauire the Avplicant to nrovide safeguards against eroundwater
contamination for uses which mav cause groundwater contamination. should there be a
mishap or snill.

2. Water Qualitv

Pollutants accumulate on impervious surfaces between rainfall events or during drv
weather. Pollutant concentrations in runoff from develoned land. therefore. tend to be
oreatest at the beginnine of the storm event. or during the first one half (1/2) inch to one
(1.0) inch of runoff. a phenomenon commonlv known as the first flush. It has also been
found that approximatelv eightv percent of the rainfall events are one half inch of rainfall
or less. storms that essentiallv simulate this “first flush.” The maioritv of the nonnoint
source pollutants. therefore. are being washed into streams during this first flush.
Canturing this first flush and smaller storms will. denending on the BMP design. allow
the stormwater to be detained and will allow pollutants to settle out. allowing biological
breakdown or untake of these nollutants.

a. Water Oualitv Standards

The aoolicant shall comnlv with the following water aualitv reauirements.

No regulated earth disturbance activities within the Municinalitv shall commence until
anproval bv the Municinalitv of a plan which demonstrates compliance with State Water
Oualitv Reauirements nost-construction is combnlete.

The BMPs shall be desiened. impnlemented and maintained to meet State Water Qualitv
Reauirements. and anv other more stringent reauirements as determined bv the
Municinalitv.

To control nost-construction stormwater imnacts from regulated earth disturbance
activities. State Water Oualitv Reauirements can be met bv BMPs. including site design.
which nrovide for renlication of nre-construction stormwater infiltration and runoff
conditions. so that post-construction stormwater discharges do not deerade the phvsical.
chemical or biological characteristics of the receiving waters. As described in the DEP
Comporehensive Stormwater Management Policv (#392-0300-002. Sentember 28. 2002).
this mav be achieved bv the following:
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1. Infiltration: reolication of bpre-construction stormwater infiltration
conditions.

2. Treatment: use of water aualitv treatment BMPs to ensure filtering out of
the chemical and nhvsical nollutants from the stormwater runoff. and

3. Streambank and Streambed Protection: management of volume and rate of
nost-construction stormwater discharges to nrevent nhvsical degradation
of receiving waters (e.g.. from scouring).

To achieve the water aualitv goal. the following criterion is established:

Develoned areas will nrovide adeauate storage and treatment facilities necessarv to
canture and treat stormwater runoff snecificallv for water aualitv purnoses. The Recharee
Volume computed when calculating the esroundwater recharge/infiltration volume mav be
incornorated as a comnonent of the Water Qualitv Volume (WOv). If the reauired
Recharge Volume is less than the required Water Oualitv Volume. onlv that portion of
the Water Qualitv Volume exceeding the recharee volume mav be treated bv methods
other than recharee/infiltration BMPs.

The reauired Water Oualitv Volume (WOWV) is the storage cavacitv needed to capture and
to treat a nortion of stormwater runoff from the develoned areas of the site nroduced from
1 inch of rainfall. The following calculation formula is to be used to determine the water
aualitv storage volume. (WOV). in acre-feet of storage for the Darbv-Cobbs watershed:

WOvV=[(PYRV)YA)/12
Where:

WOv = Water Oualitv Volume (acre-feet)

P=1inch

A = Area of the nroiect contributine to the water aualitv BMP (acres)

Rv =10.05+ 0.009(1) where I is the nercent of the area that is imnervious surface (impnervious
surface/AY*100)

This volume reauirement can be accomnlished bv the nermanent volume of a wet basin
or the detained volume from other BMPs. Where anorooriate. wet basins shall be utilized
for water aualitv control and shall follow the guidelines of the BMP manuals referenced
in Ordinance Appendix G.

Release of water can begin at the start of the storm (i.e.. the invert of the water aualitv
orifice is at the invert of the facilitv). The desiegn of the facilitv shall nrovide for
protection from cloggine and unwanted sedimentation.

For areas within defined Special Protection Subwatersheds which include Excentional
Value (EV) and High Oualitv (HO) waters. the temnerature and aualitv of water and
streams shall be maintained through the use of temperature sensitive BMPs and
stormwater convevance svstems.
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To accomnlish the above. the Aoplicant shall submit orieinal and innovative desiens to
the municipal Engineer for review and aooroval. Such desiens mav achieve the water
aualitv obiectives through a combination of different BMPs.

Evidence of anv necessarv nermit(s) for regulated earth disturbance activities from the
aporooriate DEP regional office must be nrovided to the Municinalitv. The issuance of an
NPDES Construction Permit (or nermit coverage under the statewide General Permit
(PAG-2) satisfies the reauirements of Ordinance Section 406.A. [This reauirement is
ontionall

The WOv shall be utilized to size water aualitv BMPs. Design of these BMPs shall be in
accordance with desien specifications outlined in the Pennsvivania Handbook of Best
Manaeement Practices for Develovine Areas or other abplicable manuals. The following
factors shall be considered when evaluating the suitabilitv of BMPs used to control water
aualitv at a given develonment site:

1. Total contributine drainage area.

2. Permeabilitv and infiltration rate of the site soils.

3. Slone and denth to bedrock.

4. Seasonal hieh water table.

5. Proximitv to building foundations and wellheads.

6. Erodibilitv of soils.

7. Land availabilitv and configuration of the tonogranhv.
8. Peak discharee and reauired volume control.

9. Streambank erosion.

10. Efficiencv of the BMPs to mitigate potential water aualitv problems.
11. The volume of runoff that will be effectivelv treated.
12. The nature of the nollutant being removed.

13. Maintenance reauirements.

14. Creation/protection of aquatic and wildlife habitat.

15. Recreational value.

16. Enhancement of aesthetic and provertv value.

b. Buffers

Maintainine or restoring natural buffers has manv storm water related benefits (see Table
V-2) including aidine in groundwater recharge. imnroving water aualitv of runoff and
protecting streambanks from erosion. Therefore. if a perennial or intermittent stream
nasses through the site. the annlicant shall create a stream buffer extending a minimum of
fiftv (50) feet to either side of the ton-of-bank of the channel. The buffer area shall be
maintained with and encouraged to use annrooriate native vegetation (Reference to
Avpendix H of Pennsvlvania Handbook of Best Management Practices for Developing
Area for nlant lists). If the annlicable rear or side vard setback is less than fiftv (50) feet
or a stream traverses a site. the buffer width mav be reduced to twentv-five (25) percent
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of the setback and/or to a minimum of ten (10) feet. If an existing buffer is lecallv
pnrescribed (i.e. deed. covenant. easement. etc.) and it exceeds the reauirements of this
Ordinance. the existing buffer shall be maintained. Note: The Municipalitv mav select a
smaller buffer width (above) if desired. but the selected buffer mav not be less than ten
(10) feet. This does not include lakes or wetlands.
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TABLE V-2
Twentv Benefits Of Buffers

XN RN =

9.

10.
1.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Reduce watershed impervious area.

Maintain distance from imnervious cover.

Help nrevents small drainage nroblems and complaints.
Stream “right-of-wav” allows for lateral movement.
Land area mav nrovide effective flood water storage.
Protection from streambank erosion.

Increase provertv values.

Increased nollutant removal.

Foundation for present or future ereenwavs.

Provide food and habitat for wildlife.

Mitigate stream warmine.

Protection of associated wetlands.

Prevent disturbance to steep slopes.

Preserve imnortant terrestrial habitat.

Corridors for conservation.

Essential habitat for amnhibians.

Fewer barriers to fish migration.

Discourage excessive storm drain enclosures/channel hardenine.
Provide space for stormwater ponds.

Allowance for future restoration.

3. Streambank Erosion

Preservation of stream geomorphologv is an important aspect of sustainable flood
protection and water aualitv. A fluvial geomorphologic (FGM) survev had oreviouslv
been conducted on the Cobbs Creek for the Citv of Philadelnhia as nart of their NPDES
reauirements. Therefore. an FGM assessment was also nerformed on the Darbv Creek as
part of this Act 167 Plan. The nurnose of the FGM assessment was to integrate the fluvial
geomornhologic assessment and associated stormwater auantitv and aualitv control
management strategv for the Darbv-Cobbs Creeks which includes:

Identifving the extent to which streambank erosion. sedimentation. and
downstream water aualitv nroblems contribute to changes in stormwater flows
(both volume and peak).

Considering living resource nrotection through aauatic habitat nreservation.
Identifving chanees in channel configuration in response to changes in stormwater
runoff that might contribute to flooding problems in the future as the stream
reaches a new eauilibrium.

Recommending effective and sustainable stream restoration measures.
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The results of the FGM assessment. besides nrovidine the framework for future stream
restoration work. indicate that there are several streambank erosion problem areas along
the entire length of the Darbv Creek. from its headwaters in Easttown Township in
Chester Countv to it’s confluence with Cobbs Creek near the fall line in Sharon Hill
Borough. Delaware Countv as shown in Figure I11-13.

As storm flows increase. velocities in the stream also increase thus exacerbating
streambank erosion problems. The greatest stream velocities and therefore. the ereatest
amount of streambank erosion tvnicallv occurs during near- bank full and bank full flow
events. From the separate Darbv Creek and Cobbs Creek FGM assessments. bank full
flow has been found to eauate to annroximatelv the 1.5-vear storm. Therefore. stream
flows kent to below the 1.5- vear storm flow. or near the one-vear storm flow. would aide
In minimizing streambank erosion. Furthermore. allowine this volume to discharge from
the control facilitv over a minimum 24- hours would reduce discharee velocities during
near bank full and bank full flows. Streambank erosion criteria based unon the above
discussion were therefore incorporated into the standards and criteria and Model
Ordinance (Section 407). Summarizing this criterion. Section 407 would reauire
detainine the 2-vear post-development storm to the one-vear nredeveloboment storm and
detaining the 1-vear storm a minimum of 24 hours. therebv minimizing the number of
storms causing streambank erosion. This same management criterion also improves the
water aualitv from stormwater runoff. Therefore annlvine the eroundwater recharge in
Section V.1 above and the water aualitv criteria in Section V.2 will also help the
streambank erosion nroblems.

In addition to the control of water aualitv volume (in order to minimize the imnact of
stormwater runoff on downstream streambank erosion). the nrimarv reauirement is to
desien a BMP to detain the pronosed conditions 2-vear. 24-hour desien storm to the
existing conditions 1-vear flow using the SCS Tvne II distribution. Additionallv.
provisions shall be made (such as adding a small orifice at the bottom of the outlet
structure) so that the nronosed conditions 1-vear storm takes a minimum of 24 hours to
drain from the facilitv from a point where the maximum volume of water from the 1-vear
storm is cantured (i.e.. the maximum water surface elevation is achieved in the facilitv).
Release of water can begin at the start of the storm (i.e.. the invert of the water aualitv
orifice is at the invert of the facilitv).

The minimum orifice size in the outlet structure to the BMP shall be three (3) inches in
diameter where possible. and a trash rack shall be installed to prevent clogging. On sites
with small contributing drainage areas to this BMP that do not nrovide enough runoff
volume to allow a 24 hour attenuation with the 3 inch orifice. the calculations shall be
submitted showine this condition. Orifice sizes less than 3 inches can be utilized nrovided
that the desien will nrevent clogging of the intake.

In “Conditional Direct Discharge Districts” (District C) onlv - (See Section 408). the
obiective is not to attenuate the storms greater than the 2-vear recurrence interval. This
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can be accomplished bv confieuring the outlet structure not to control the larger storms.
or bv a bvnass channel that diverts onlv the 2-vear stormwater runoff into the basin or
converselv. diverts flows in excess of the 2-vear storm awav from the basin.

4. Overbank Events

Floodine and stormwater problems are caused bv excess stormwater auantitv. Storm
events which result in water exceeding the natural bank of a stream are termed as
“overbank” events and are tvoicallv defined as an exvected freauencv of occurrence.
Based unon the realization that most bankfull events occur at annroximatelv the 1.5- to 2-
vear event. events ereater than the 2-vear storm result in overbank flooding. These
“overbank” events tvpicallv range from the 2- vear to 10-vear events. Management of
these “overbank™ events requires a detailed knowledge of the interrelationship between
all contributing areas of a watershed. Analvsis of neak runoff. timing of runoff. and
duration of runoff from the various areas of a watershed is critical for establishine these
criteria. The result of this analvsis is the Management District Concent. discussed in
Section V.D.

5. Extreme Events

“Extreme” flooding events are separated from “overbank” flooding events bv the severitv
of damage which is incurred. Tvoicallv. events such as the 25-. 50- and 100-vear events
are labeled as “extreme” events.

While some overbank and extreme flooding events are inevitable. the goal is to control
the freauencv of occurrence for such events such that the level of overbank flooding is
the same over time so that damages to existing conditions infrastructure are not
exacerbated bv unstream develonment. Therefore. different management criteria are
given for these “overbank™ and “extreme” event floods.

It must be recoenized that there is a difference between the meanings of storm and flood
when considering 5-vear storms and 5-vear floods. Althoueh a certain auantitv of rain
mav classifv a rainfall event as a 5-vear storm. this does not mean that same amount of
rain will result in a 5-vear flood. For example. if the event would occur during a drought.
a 5-vears storm mav result in onlv a 2-vear flood because of the canacitv of the soil and
oround to absorb water. However. if the same event occurred on too of a snow melt. then
a 10-vear flood mav occur because of the extra water volume nresent in the melting
Snow.

Similarlv. the term “5-vear flood” does not mean that this event will occur once everv
five vears. Nor does it mean that once a 5-vear event occurs. it will be another five vears
until that event mav occur acain. A 5-vear event refers to the nrobabilitv that the event
will occur in anv given vear. which is the inverse of the freauencv event. Therefore. a 5-
vear event has a 20% probabilitv of occurrine in anv eiven vear.
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D. Management District Concent (For Overbank and Extreme Events)

Manv Act 167 nlans were based upon the release rate concent where each subarea of the
watershed was assiened a release rate (as a nercent value). For anv develonment scenario.
the post develobment runoff rate must meet a percent (release rate) of the ore
develonment runoff rate. These release rates were develoned bv analvzing the individual
subarea contribution to the overall watershed runoff. This nlan eauates release rates to
eauivalent design storms and places the subareas in senarate management districts. The
management district concept uses the same idea as the release rate concent: however. it
disnlavs the final criteria bv erouning subareas into “management districts” rather than
assigning a release rate to each individual subarea. Each management district contains
snecific criteria that are to be met in order to address “overbank™ and “extreme” design
events.

Fieure V-3 shows a simplified version of how various subarea hvdroeranhs would
contribute to the neak flow at a narticular noint of interest (POI). As can be seen from
Fieure V-3. hvdroeranh “A” peaks after the noint of interest hvdroeranh. In this case.
standard detention or reducing nost develonment flows to existing conditions rates would
attenuate the flows past A's peak. which would not influence the peak of the POI. A
develonment site in subarea B would contribute flow at a time between the start and end
of that subarea's hvdrograpnh. Standard detention would attenuate flow to a point where it
1s increasing flow at the POI: therefore. stormwater management controls would need to
reduce the outflow to a higher freauencv (smaller) storm. Flows in subarea C enter and
exit the stream svstem before the neak flow occurred at the POI: therefore. if nossible. it
would be advantageous not to detain these flows. Subareas A. B. and C on the sample
would fall into districts A. B. and C as shown on Annendix A of the Model Ordinance.
Develonment of the design storm criteria was based unon downstream obstruction
capacities and problem areas identified in the studv. as well as the overall goal of
maintaining the existine conditions condition’s flow at all noints in the watershed in the
future.

A maior goal was to determine where in the watershed stormwater detention was
annronriate for new develonment and. iust as imnortantlv. where detention was not
approoriate. It was also important to determine to what extent stormwater detention
would be required in individual subareas as described above. Table V-3 shows how the
peak rate of post-develonment runoff would have to be reduced to the neak rate of pre-
develonment runoff for the desien storms snecified.
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FIGURE V-3

Relative Timing of Subwatershed Hvdrogranhs

Flow (cfs)
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A maior goal of the Darbv-Cobbs Act 167 Plan was to determine where in the watershed
stormwater detention was approoriate for new development and. iust as importantlv.
where detention was not aporooriate. It was also important to determine to what extent
stormwater detention would be reauired in individual subareas as described above. On
the table below. the peak rate of nronosed conditions runoff would have to be reduced to
the peak rate of existing conditions runoff for the design storms specified below.

Time ¢hours)

Individual subareas would fall into one of four districts:
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TABLE V-3
Stormwater Management Districts In The Darbv-Cobbs Creek Watershed

District Prooosed (reduce Existing Condition
Condition Desion to) Desien Storm
Storm
A 2 - vear 1 - vear
5 - vear 5 - vear
10 - vear 10 - vear
25 - vear 25 - vear
100-vear 100-vear
B-1 2 - vear 1- vear
10 - vear 5 - vear
25 - vear 10 - vear
50- vear 25- vear
100-vear 100-vear
B-2 2 - vear 1- vear
5 - vear 2 - vear
25 - vear 5 - vear
50- vear 10- vear
100 - vear 100 - vear
C* Conditional Direct Discharge District

* In District C. develobment sites which can discharee directlv to the Darbv-Cobbs Creek main
channel or maior tributaries or indirectlv to the main channel through an existing stormwater
drainacge svstem (i.e.. storm sewer or tributarv) mav do so without control of nost-develonment
peak rate of runoff ereater than the 5-vear storm. Sites in District C will still have to complv with
the eroundwater recharee criteria. the water aualitv criteria. and streambank erosion criteria. If
the post-develobment runoff is intended to be conveved bv an existing stormwater drainage
svstem to the main channel. assurance must be vrovided that such svstem has adeauate capacitv
to convev the flows ereater than the 2-vear pvredevelobment peak flow or will be provided with
improvements to furnish the reauired cavacitv. When adeauate capacitv in the downstream
svstem does not exist and will not be provided throueh improvements. the post-development veak
rate of runoff must be controlled to the pre-development veak rate as reauired in District A
provisions (i.e.. 10-vear nost-develonment flows to 10 pre-develobment flows) for the specified
desion storms.

Source: Borton-Lawson Engineering. Inc. 2004

As in District C. development in those subareas designated on Apnendix A- Stormwater
Management District Man of the Model Ordinance must convev the generated
stormwater runoff to a stream or watercourse in a safe manner. The convevance must
manage the auantitv. velocitv and direction of resulting stormwater runoff in a
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manner that adeauatelv nrotects health and brooertv from nossible iniurv nursuant
to Act 167. does not overtax existing conditions drainage facilities and does not
cause erosion or sedimentation. Anvone who pronoses no detention must comolv with
Section 408G. and H of the Model Ordinance. Accentable velocities shall be based unon
criteria contained in the DEP “Erosion and Sediment Pollution Control Program
Manual.” The pronosed conditions flow that is ereater than existing conditions flow
can onlv be released if it would not agoravate a significant obstruction or existing
conditions problem area or overload existing conditions storm sewer networks. If it
would. proper stormwater management. obstruction replacement or standard detention
would be reauired. Additionallv. anv flow from the 50-vear storm not carried bv
downstream drainage facilities must be addressed and where necessarv. additional
controls must be installed to assure collection of this water bv control facilities where
reauired bv the stormwater desien.

When discharging greater than existine conditions neak flow rates. nroner analvsis
of channel canacitv downstream of a develonment site is essential to insure that the
goal of not creating anv new problem areas or aggravating existing conditions
drainage poroblem areas is achieved. The analvsis must include the assumntion of
complete build-out of the tributarv areas to the channel beine evaluated based upbon the
latest zoning revision after nlan adontion. The analvsis must also analvze the future
conditions assuming that stormwater detention on development sites is not imnlemented.
This is reauired to evaluate the impacts if all nronosed conditions development to
increase flows. In addition. stormwater control measures consistent with the Plan must be
assumed in analvzing nroiected develonment unstream of the noint of evaluation.

E. Redevelonment

This Plan did not want to create a disincentive to redevelon existing urbanized areas. The
stormwater management criteria is based unon meeting the existing conditions flow for a
specified desien storm. Since existing conditions includes anv impervious area existing
at the site at the time of the nronosed develonment. the criteria. bv default. relaxes the
storm water auantitv peak rate of flow bv allowing them to match existing conditions for
the desien storm specified in the management district. However. to bpromote
redevelonment to consider addine additional onen space and proverlv managine
stormwater runoff in the redevelonment desien. in lieu of meetine the stormwater
auantitv control criteria established in Section V.D. the aoplicant mav chose to reduce the
total imnervious surface on the site bv at least twentv nercent (20%): based unon a
comparison of existine impervious surface to nronosed impervious surface.

F. Process to Accomplish Standards and Criteria

Table V-4 provides a nrocess to accomnlish the reauired standards and criteria. on a
prioritv basis. looking at means other than detention to promote recharge. improve water
aualitv and nrevent streambank erosion and to reduce nronosed conditions neak flows to
the reauired existing conditions rate.
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TABLE V-4
Process to Achieve the Standards and Criteria
in Order of Reauired Consideration

(Ultimate Goal - Match Existing Conditions Hvdrogranh)

1. Maximize use of Nonstructural Stormwater Management Alternatives

Minimize disturbance of natural features

Minimize erading

Minimize imnervious surfaces. consider nervious surfaces

Break up large impervious surfaces

Satisfv eroundwater recharege (infiltration) obiective

Satisfv water aualitv

Satisfv streambank erosion reauirements

Avplv BMPs near the source of the runoff

Satisfv the runoff peak attenuation obiective considering all measures other than

detention basins.

7. After satisfving the above reauirements. incornorate dual purbose detention
measures. if necessarv. to attenuate neaks. Dual nurnose detention is
recommended. e.o.. recvcling water. wetlands basins. water storage for fire flow.
etc.

SARSANE ol ol

The sources in the Reference Section of this Plan should be consulted to aid the desiegn
engineer in BMP selection and design.

The reauired standards and criteria develoned are summarized in Table V-5 while
recommended standards and criteria can be found in Table V-6. The ultimate goal would
be to match the predevelobpment hvdroeraph. not iust the bredeveloboment peak.
Nonstructural stormwater management measures (also referred to as conservation design
or low impact develooment. LID) should be evaluated to help achieve this goal.
Conservation design focuses on nreserving the areas most beneficial to environmental
conservation. and develonine on the areas most suitable to develonment. This tvpicallv
includes develonment of an obnortunitv and constraints man. Conservation desien
measures are discussed in more detail in Section V-E. Section V of Pennsvlvania's BMP
Manual should also be consulted to achieve these goals.
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TABLE V-5
Reauired Criteria & Standards in the Darbv-Cobbs Creek Watershed

REOUIRED STANDARD

Stormwater Management
A. B. and C Management Districts

Recharge/Infiltration/Retention

All  develobment vpronosed should investigate the
implementation of infiltration or retention structures for the
stormwater control measures as onnosed to surface detention
(in all Hvdrologic Soils Grouns) and adhere to the recharge
reauirements of the Model Ordinance. This also pertains to
the nortions of the watershed that have storm sewers.
Recharge structures installed orior to tapping into the storm
sewers are recommended where soils and phvsical
conditions permit. Impacts on subsurface mine pools and
Karst areas should be evaluated before recommending this
tvpe of practice.

Water Qualitv
Provide adeauate storage and treatment facilities necessarv
to canture and treat the Water Oualitv Volume (WOV).

Calculations Methodologv
Parameters must be obtained from the
Model Ordinance.

Existing Storm Sewers or Culverts

Discharge into existing sewer networks or culverts will be
based on svstem capacitv or design storm(s). whichever is
more restrictive.

Discharge of Accelerated Runoff

Onlv excess accelerated stormwater runoff (after all criteria
has been met) shall be safelv discharged into existing
drainage npatterns and storm sewers without adverselv
affecting nronerties or causing channel scouring and erosion.

Inannronriate Qutlets

If outlet from stormwater convevance svstems from a
develobment site to a stream. tributarv. stabilized channel. or
storm sewer is not possible. runoff shall be collected in a
BMP and discharged at a nonerosive rate. QOutlets
discharging onto adiacent nronertv owner(s)' npronerties must
have adiacent nronertv owner(s)' written nermission.

District C

Those subareas shown on the Appendix A map in the Model
Ordinance as being in District C shall safelv discharee
runoff directlv into an existine convevance svstem with no
detention or attenuation of greater than the 5-vear storm.

Wetlands
Refer wetland imnacts to state agencv for review.

BENEFIT

No increase in runoff on a watershed wide basis.
stormwater attenuation.
recharge. flow

Groundwater/stream baseflow

attenuation.

Allows nollutants to settle thus providing imporoved
water aqualitv.

Calculations for consistent stormwater management.

Preserve sewer/culvert canacitv therebv reducing
Operation and Maintenance and replacement costs.

Safe convevance. continued surface and eroundwater
aualitv. flow attenuation.

Safe convevance. continued surface and eroundwater
aualitv. flow attenuation.

Allows excess runoff to exit watershed svstem prior to
peak while still meeting water qualitv and eroundwater
recharge goals.

Infiltration. surface and eroundwater recharge. stream
baseflow. water aualitv. flow attenuation. detention.

Note: See the Model Ordinance for more detailed standards and criteria.
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TABLE V-6
Recommended Criteria & Standards in the Darbv-Cobbs Creek Watershed

RECOMMENDED STANDARD

Erosion and Sediment Pollution Control

Network with administrative and regulatorv agencies
to seauence and control earth disturbance sites to
maintain and orotect areas designated for recharge or
leave areas of native vegetation intact.

Floodnlains

Those floodnlains in which the floodnlain stores
floodwaters shall not be filled or covered with
impervious surface so as to not reduce the storage
capacitv.

Roof Drains. Residential/Commercial

Prevent all roof drains from dischareine into storm
sewers. roadside ditches. or channels. Discharee to
lawn: recharge basin or storaee facilities for re-use.

Pervious Surfaces

The use of nervious materials will be encouraged for
parking surfaces and sidewalks. Comnaction of soils
is discouraged and natural or undisturbed areas
onsite are encouraged in order to keep onen snace
pervious. Aauifer or eroundwater recharge beds are
encouraged.

Structures

Concentrate on locating facilities within

areas conducive to recharge and accommodate
recharge to meet management district reauirements.
No stormwater structures are allowed in floodnlains
that would reduce the storage volume.

Steep Slones

Regulate activities in critical slone areas where
management of stormwater bv structure is
inanprooriate. Slones should be vegetated with native
vegetation.

Streambank Protection
Reduce 2-vear nost-develonment flow to 1-vear
nredevelonment flow.

Green Roof
Construct roofton gardens

Rinarian Buffer
Width that is recommended is 50 feet measured from
the too of bank on both sides of the stream.

BENEFIT

Infiltration. structure integritv. surface water
aualitv. safe convevance. stream. culvert. and
channel capacitv.

Natural stormwater detention/flood control
downstream.

Promotes infiltration. flow attenuation. and
increases runoff time of concentration. flow
attenuation.

Infiltration. eroundwater recharge.

Infiltration. eroundwater recharee. stream baseflow.

Stream base flow. flow attenuation. convevance
inteeritv. surface water aualitv.

Reduces the number of erosive storms therebv

reducing streambank erosion.

Flow attenuation and small storm retention

Water aualitv. flood drainage reduction. habitat
enhancement erosion reduction.

Note: See the Model Ordinance for more detailed standards and criteria.
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G. Alternative Runoff Control Techniaues

Each develoner must not allow the runoff from his site to exceed the annlicable release
rate annlied to the subwatershed where the site is located. This runoff control can be
obtained in a number of different wavs. The following tables indicate an overview of
general measures that can be annlied to reduce or delav stormwater runoff as well as the
advantages and disadvantages for several tvpes of runoff control measures. It will be up
to the develoner or the develoner's engineer to select the techniaue that is the most
approoriate to the tvne of nroiect and phvsical characteristics of the site.

In determining what measures or combination of measures to install. the following
narameters should be considered:

Soil characteristics (hvdrologic soil groun. etc.)
Subsurface conditions (high water table. bedrock. etc.)
Tovogeranhv (steepness of slove. etc.)

Existing drainage natterns

Economics

Advantages and disadvantages of each techniaue

Some runoff control techniaues are “structural” stormwater management controls
meanine that thev are phvsical facilities for runoff abatement. Others are “non-structural”
controls. referrine to land use management techniaues geared toward minimizing storm
runoff impacts through control of the tvpe and extent of new develonment throughout the
studv area. The Darbv-Cobbs Creek Watershed Stormwater Management Plan is based
on the assumotion that new development of various tvbes will occur throughout the studv
area (excent as regulated bv floodnlain reeulations) and that structural controls mav be
reauired to minimize the runoff imolications of the new develooment.

1. Nonstructural Runoff Controls - Non-structural methods of controlling
stormwater runoff auantitv and aualitv. such as innovative site nlanning. impnervious area
and eradine reduction. protection of natural depression areas. tempvorarv ponding on site
and other techniaues are recommended. Non-structural BMPs are increasinelv recoenized
as a critical feature of stormwater BMP plans. particularlv with respect to site desien. In
most cases. non-structural BMPs shall be combined with structural BMPs to meet all
stormwater reauirements. The kev benefit of non-structural BMPs is that thev can reduce
the generation of stormwater from the site therebv reducine the size and cost of structural
BMPs. In addition. thev can onrovide partial removal of manv nollutants. The non-
structural BMPs have been classified into broad categories including. but not limited to:

e Natural area conservation
e Limitine disturbed areas
e Conservation design
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A more detailed discussion on nonstructural Stormwater BMPs can be found in
Ordinance Aonendix E.

Table V-7
Nonstructural Stormwater Best Management Practices

Nonstructural Descrintion

Stormwater Measure

Natural Area Conservation of natural areas such as forest. wetlands. or other sensitive

Conservation areas in a nrotected easement therebv retaining their existing conditions
hvdrologic and water aualitv characteristics.

Disconnection of Roofton Roofton runoff is disconnected and then directed over a undisturbed area

Runoff where it mav either infiltrate into the soil or filter over it. This is tvnicallv

obtained bv grading the site to nromote overland flow or bv nroviding
bioretention on sinele-familv residential lots.

Disconnection of Disconnect surface impervious cover bv directing it to undisturbed areas
Non-Roofton where it is either infiltrated or filtered though the soil
Runoff

Stream buffer effectivelv treats stormwater runoff. Effective treatment
Stream Buffer constitutes canturing runoff from pnervious and impervious areas adiacent to
the buffer and treating the runoff through overland flow across a
undisturbed erass or forested area.

Grass Channel Onpen grass channels are used to reduce the volume of runoff and nollutants
(Open Section during smaller storms.

Roads)

Environmentallv Environmental site design techniaues are annlied to low densitv or rural
Sensitive Rural residential develonment.

Develonment

2. Structural Runoff Controls - Structural controls for managine storm runoff can
be categorized as either volume controls or rate controls. Volume controls are designed to
prevent a certain amount of the total rainfall from becomine runoff bv nroviding an
oovortunitv for the rainfall to infiltrate into the eround. Greater obvortunitv for
infiltration can be pnrovided bv minimizing the amount of impnervious cover associated
with development. bv draining impervious areas over undisturbed areas or into specific
infiltration devices. and bv using grassed swales or channels to convev runoff in lieu of
storm sewer svstems. Rate controls are designed to regculate the peak discharee of runoff
bv providing temnorarv storage of runoff which otherwise would leave the site at an
unaccepntable peak value. Rate controls. much more so than volume controls. are
adantable to regional considerations for controlline much larger watershed areas than one
development site.

d. Innovative BMPs - The use of traditional and innovative best management
pnractices (BMPs) is encouraged to meet the recharge. water aualitv and auantitv
criteria established in this Plan. The Pennsvivania Handbook of Best Management
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Practices for Developine Areas vrevared bv the Pennsvlvania Association of
Conservation Districts. Inc.. (Soring. 1998). BMP Manuals referenced in Section
VIII or the PA Stormwater BMP Manual develoned subseauent to this olan.
should be used to desien and maintenance of these nractices/facilities.

e. Temperature Sensitive BMPs - Runoff from blackton durine hot summer
months can provide a “slue” of warm water into the streams. which could affect
trout. Therefore. for areas within defined Snecial Protection subwatersheds which
includes Exceptional Value (EV) and Higeh Oualitv (HO) waters. the temperature
and aualitv of stormwater entering streams shall be maintained through the use of
temperature sensitive BMPs and stormwater convevance svstems. Temperature
sensitive BMPs are simnlv those BMPs which heln reduce the temnerature of the
discharee of the BMP. tvoicallv bv shading or bv providing temporarv
undereround storage. A list of some temnerature sensitive BMPs and the source
for further information on them can be found in Table V-8.

TABLE V-8
Temperature Sensitive BMPs

To minimize temnerature increases caused bv new develonment in watersheds
Stormwater BMP desiens should:

e Provide shadine for nools and channels (narticularlv south side)

e Maintain existing forested buffers

e Bvnass available baseflow and/or springflow

e Ultilize undereround storage where nossible

e Ultilize recharge

f. Ouantitv Control - Pronosed conditions develonment runoff from a site must not

exceed the anolicable existing conditions rate anolied to the subwatershed where
the site is located. This runoff control can be obtained in a number of different
wavs. The following tables indicate an overview of general measures that can be
anplied to reduce or delav stormwater runoff as well as the advantages and
disadvantages for several tvpes of runoff control measures. The anolicant must
select the techniaue that is the most annrooriate to the tvne of nroiect and nhvsical
characteristics of the site. Best Management Practices can be utilized to manage
water aualitv. eround water. recharge. streambank erosion and auantitv (neak and
volume).The runoff control(s) most aopolicable to a development site mav varv
widelv denendine unon site characteristics such as:

e Tvpe of develonment pronosed

e Soil characteristics (hvdrologic soil groun. etc.)

e Subsurface conditions (hieh water table. bedrock. etc.)

e Topogranhv (steepness of slope. etc.)

e Existine drainage patterns

e Economics
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e Advantages and disadvantages of each techniaue

1. Awoolicable nerformance standard

The use of traditional and innovative Best Management Practices (BMPs) is encouraged
to meet the recharee. water aualitv and auantitv criteria established in this Plan. The
Pennsvlvania Handbook of Best Management Practices for Develoning Areas nrenared
bv the Pennsvlvania Association of Conservation Districts. Inc.. Soring. 1998 should be
referenced for design and maintenance of these nractices/facilities.

Table V-9 nrovides nossible on-site stormwater control methods while Table V-10
explains the advantages and limitations of various on-site stormwater control methods.
Table V-11 explains the suitabilitv of control measures in the Darbv-Cobbs watershed.
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TABLE V-9

Possible On-Site Stormwater Control Methods

AREA REDUCING RUNOFF DELAYING RUNOFF
Large Flat Roof 1. Cistern storage. 1. Ponding on roof bv
2. Rooftopo eardens. constricted downspouts.
3. Pool storage or fountain
storage.
Parking Lots 1. Porous navement. 1. Grassv strins on narking
a. Gravel narking lots. lots.
b. Porous or punctured 2. Grassed waterwavs
2. Concrete vaults and cisterns draining narking lot.

Residential

General

3

4

1
2
3

(98]

beneath narking lots in hieh
value areas.

. Vegetated nonding areas

around parking lots.

. Gravel trenches.

. Cisterns for individual
homes or grouns of homes.
Gravel drivewavs
(porous).
Contoured landscane.
Groundwater recharge:
a. Perforated nine
b. Gravel (sand)
c. Trench
d. Porous nine
e. Drv wells
Vegetated depressions.

. Gravel allevs.
. Porous sidewalks.
. Mulched nlanters.

B~ W

o oD W

. Ponding and detention

Rionled navement

. Denressions

Basins

. Reservoir or detention

basin.

. Planting a hieh delavine

orass (high roughness).

. Gravel drivewavs.
. Grassv gutters or channels.
. Increased length of

travel of runoff bv
means of gutters.
diversions. etc.

. Gravel allevs.

Source: Urban Hvdroloev for Small Watersheds. Technical Release No.
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TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods

Bioretention Facilitv

ADVANTAGES:

1. If designed nrovoerlv. has shown abilitv to remove significant amounts of dissolved heavv metals.
phosphorous. TSS. and fine sediments.

2. Reauires relativelv little engineering desien in comparison to other stormwater management

facilities (e.e. sand filters).
Provides eroundwater recharge when the runoff is allowed to infiltrate into the subsurface.

4. Enhances the annearance of parking lots and provides shade and wind breaks. absorbs noise. and
improves an area’s landscane.

5. Maintenance on a bioretention facilitv is limited to the removal of leaves from the bioretention
area each fall.

6. The vegetation recommended for use in bioretention facilities is generallv hardier than the snecies
tvpicallv used in parkine lot landscanes. This is a particular advantaee in urban areas where plants
often fare noorlv due to poor soils and air nollution.

LIMITATIONS:

1. Low removal of nitrates.

2. Not anplicable on steen. unstable slones or landslide areas (slones greater than 20 percent).

3. Reauires relativelv large areas.

4. Not anporooriate at locations where the water table is within 6 feet of the ground surface and where
the surroundine soil stratum is unstable.

5. Cloggine mav be a nroblem. narticularlv if the BMP receives runoff with high sediment loads.

(98]

Catch Basin Inserts

ADVANTAGES:
1. Provides moderate removal of lareer narticles and debris as nretreatment.
2. Low installation costs.
3. Units can be installed in existing traditional stormwater infrastructure.
4. Ease of installation
5. Reauires no additional land area.
LIMITATIONS:
1. Vulnerable to accumulated sediments beine resusnended at low flow rates.
2. Severe cloggine notential if exnosed soil surfaces exist unstream.
3. Maintenance and insnection of catch basin inserts mav be reauired before and after each rainfall
event. excessive cleaning. and maintenance.
4. Available head to meet design criteria.
5. Dissolved nollutants are not cantured bv filter media.
6. Limited nollutant removal capabilities.

Cisterns

ADVANTAGES:
1. Low installation cost.
2. Reauires little space for installation.
3. Reduces amount of stormwater runoff
4. Conserves water usage.
LIMITATIONS:
1. Limited amount of stormwater runoff can be cantured.
2. Restricted to structure runoff.
3. Aestheticallv unnleasine.
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TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods (continued)

Constructed Wetlands

ADVANTAGES:

1.

Artificial wetlands offer natural aesthetic aualities. wildlife habitat. erosion control. and nollutant
removal.

2. Artificial wetlands can offer good treatment following treatment bv other BMPs. such as wet
ponds. that relv unon settling of lareer sediment particles (Urbonas. 1992). Thev are useful for
large basins when used in coniunction with other BMPs.

3. Wetlands that are permanentlv flooded are less sensitive to polluted water inflows because the
ecosvstem does not denend unon the nolluted water inflow.

4. Can nrovide untake of soluble nollutants such as nhosnhorous. through nlant untake.

5. Can be used as a regional facilitv.

LIMITATIONS:

1. Although the use of natural wetlands mav be more cost effective than the use of an artificial
wetland: environmental. permittineg and leeal issues mav make it difficult to use natural wetlands
for this purnose.

2. Wetlands reauire a continuous base flow.

3. If not proverlv maintained. wetlands can accumulate salts and scum which can be flushed out bv
large storm flows.

4. Regular maintenance. including plant harvestine. is reauired to provide nutrient removal.

5. Freauent sediment removal is reauired to maintain the prooer functioning of the wetland.

6. A greater amount of snace is reauired for a wetland svstem than is reauired for an extended/drv
detention basin treatine the same amount of area.

7. Although artificial wetlands are desiened to act as nutrient sinks. on occasion. the wetland mav
periodicallv become a nutrient source.

8. Wetlands that are not nermanentlv flooded are more likelv to be affected bv drastic changes in
inflow of polluted water.

9. Cannot be used on steep unstable slones or denselv populated areas.

10. Threat of mosauitoes.

11. Hvdraulic cavacitv mav be reduced with plant overgrowth.

Drv Wells
ADVANTAGES:

1. Recommended in Residential Areas

2. Reauires minimal snace to install.

3. Low installation costs.

4. Reduces amount of runoff.

5. Provides groundwater recharge.

6. Can serve small impervious areas like rooftons.

7. Helps to disconnect impervious surfaces.

LIMITATIONS:

1. Offers little nretreatment which mav cause cloggine.

2. Drv wells should not be installed where hazardous or toxic materials are used. handled. stored or
where a snill of such materials would drain into the drv well.

3. Risk of eroundwater contamination in verv coarse soils mav reauire eroundwater monitoring.

4. Not suitable on fill sites or steen slones.

5. Must have a minimum of 3 to 4 feet between the bottom of the drv well and the seasonal high

water table.

V-32

Januarv 2005 Final Draft



TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods (continued)

6. Drv wells service a limited drainage area. tvnicallv onlv roofton runoff.
7. Drv wells must be located at least 10 feet awav. on the down slone side of the structure. from
building foundations to prevent seenage.

Drv Wells

LIMITATIONS(cont):
8. Stormwater runoff carrvine bacteria. sediment. fertilizer. pesticides. and other chemicals mav flow
directlv into the eroundwater.
9. Loss of infiltrative canacitv and hieh maintenance cost in fine soils.
10. Low removal of dissolved nollutants in verv coarse soils.
11. Soils must be nermeable.
12. Not recommended for use with commercial rooftons unless adeauacv of nretreatment is assured.

Extended / Drv Detention Basins or Underground Tanks

ADVANTAGES:

1.  Modest removal efficiencies for the larger articulate fraction of pollutants.

2. Removal of sediment and buovant materials. Nutrients. heavv metals. toxic materials. and oxveen-
demanding particles are also removed with sediment substances associated with the particles.

3. Can be designed for combined flood control and stormwater aualitv control.

4. Reauires less capital cost and land area when compared to wet pond BMP.

5. Downstream channel protection when proverlv designed and maintained.

LIMITATIONS:

1. Reauire sufficient area and hvdraulic head to function prooerlv.

2. Generallv not effective in removine dissolved and finer narticulate size nollutants from
stormwater.

3. Some constraints other than the existine tonoeranhv include. but are not limited to. the location of
existing and nronosed utilities. denth to bedrock. location and number of existing trees. and
wetlands.

4. Extended/drv detention basins have moderate to hieh maintenance reauirements.

5. Sediments can be resusnended if allowed to accumulate over time and escane through the
hvdraulic control to downstream channels and streams.

6. Some environmental concerns with using extended/drv detention basins include notential imnact
on wetlands. wildlife habitat. aquatic biota. and downstream water aualitv.

7. Mav create mosauito breeding conditions and other nuisances.

Infiltration Basins

ADVANTAGES:
1. Hieh removal canabilitv for narticulate pollutants and moderate removal for soluble pollutants.
2. Groundwater recharge helps to maintain drv-weather flows in streams.
3. Can minimize increases in runoff volume.
4. When vroperlv desiegned and maintained. it can repolicate pre-develonment hvdroloev more closelv
than other BMP ontions.
5. Basins nrovide more habitat value than other infiltration svstems.
LIMITATIONS:
1. High failure rate due to clogging and hieh maintenance burden.
2. Low removal of dissolved pollutants in verv coarse soils.
3. Not suitable on fill slones or steen slopes.
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TABLE V-10
Advantages and Limitations of Various

On-Site Stormwater Control Methods (continued)
LIMITATIONS(cont):

Risk of egroundwater contamination in verv coarse soils mav reauire groundwater monitoring.
Should not be used if significant unstream sediment load exists.

Slone of contributing watershed needs to be less than 20 percent.

Not recommended for discharege to a sole source aquifer.

Cannot be located within 100 feet of drinking water wells.

Metal and netroleum hvdrocarbons could accumulate in soils to potentiallv toxic levels.
Relativelv large land reauirement.

Onlv feasible where soil is nermeable and there is sufficient denth to bedrock and water table.

Infiltration Basins

12.

Need to be located a minimum of 10 feet down eradient and 100 feet un eradient from building
foundations because of seepage nroblems.

Infiltration Trenches

ADVANTAGES:
1. Provides groundwater recharge.
2. Trenches fit into small areas.
3.  Good nollutant removal canabilities.
4. Can minimize increases in runoff volume.
5. Can fit into medians. nerimeters. and other unused areas of a develonment site.

6. Helps renlicate nre-develonment hvdrologv and increases drv weather baseflow.
LIMITATIONS:
1. Slone of contributing watershed needs to be less than 20 percent.
2. Soil should have infiltration rate ereater than 0.3 inches ver hour and clav content less than 30
percent.
3. Drainage area should be between 1 to 10 acres.
4. The bottom of infiltration trench should be at least 4 feet above the underlvine bedrock and the
seasonal high water table.
5. High failure rates of conventional trenches and high maintenance burden.
6. Low removal of dissolved pollutants in verv coarse soils.
7. Not suitable on fill slopes or steep slopes.
8. Risk of groundwater contamination in verv coarse soils mav reauire eroundwater monitoring.
9. 9 Cannot be located within 100 feet of drinkine water wells.
10. Need to be located a minimum of 10 feet down eradient and 100 feet un eradient from building
foundations because of seepage nroblems.
11. Should not be used if unstream sediment load cannot be controlled prior to entrv into the trench.
12. Metals and petroleum hvdrocarbons could accumulate in soils to potentiallv toxic levels.
Media Filtration
ADVANTAGES:
1. Mav reauire less snace than other treatment control BMPs and can be located undereround.
2.  Does not reauire continuous base flow.
3. Suitable for individual develonments and small tributarv areas un to 100 acres.
4. Does not reauire vegetation.
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TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods (continued)

5. Useful in watersheds where concerns over eroundwater aualitv or site conditions nrevent use of
infiltration.

6. High pollutant removal canabilitv.

7. Can be used in highlv urbanized settings.

8. Can be designed for a varietv of soils.

9. Ideal for aquifer regions.

LIMITATIONS:

1. Given that the amount of available space can be a limitation that warrants the consideration of a
sand filter BMP. desiening one for a laree drainage area where there is room for more
conventional structures mav not be practical.

2. Available head to meet design criteria.

3. Reauires freauent maintenance to prevent clogging.

4. Not effective at removing liauid and dissolved nollutants.

5. Severe clogging potential if exnosed soil surfaces exist unstream.

Media Filtration
LIMITATIONS(cont):
6. Sand filters mav need to be nlaced offline to protect it durine extreme storm events.

Porous Pavement

ADVANTAGES:

1.

Porous pavements overate in a similar fashion to infiltration trenches and thus provide similar
water aqualitv benefits. including reductions in fine-grained sediments. nutrients. organic matter.
and trace metals.

2. In addition to water aualitv benefits. porous pavements also nrovide significant reductions in
surface runoff with un to 90 nercent of rainfall retained within the BMP (Schueler. 1992).

3. An added benefit provided bv the on-site infiltration is the extent to which the stormwater runoff
is able to contribute to groundwater recharge.

4. Reduces navement pondine.

LIMITATIONS:

1. Onlv apoplicable for low-traffic volume areas.

2. To maintain effectiveness. norous navements reauire freauent maintenance.

3. Porous navements are not intended to remove sediments.

4. Easilv clogeed bv sediments if not situated nronerlv.

5. Porous navements are limited to treating small areas (0.25 to 10 acres).

6. Contributing drainage area slones should be 5 percent or less to limit the amount of sediments that
could potentiallv lead to cloggine of the porous navement.

7. On average. porous pavements clog within 5 vears.

8. Underlvine soil strata must have an adeauate infiltration cavnacitv of at least 0.3 inches per hour
but preferablv 0.50 in/hr or more. Adeauate soil nermeabilitv should extend for a depth of at least
4 feet.

9. The bottom of the reservoir laver should be at least 4 feet above the seasonallv high water table.

Porous navements should be no closer than 100 feet from drinkine wells and 100 feet uneradient
and 10 feet down eradient from buildine foundations. Due to the risk of eroundwater
contamination. norous navements should not be used for gas stations or other areas with a
relativelv high notential for chemical snills. Similarlv. snecial consideration should be given to the
use of norous navements in wellhead nrotection areas serviced bv sole source aauifers.
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TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods (continued)

10. The norous navement should not be located where run-on from adiacent areas can introduce
sediments to the pavement surface. Similarlv. areas subiect to wind-blown sediment loads should
be avoided.

11. Extended rain can reduce the navement’s load bearing canacitv.

12. More exnensive than traditional navine surfaces.

Storm Drain Inserts

ADVANTAGES:
1. Low installation costs.
2. Prefabricated for different standard storm drain desiens.
3. Reauire minimal snace to install.
LIMITATIONS:
1. Some devices mav be vulnerable to accumulated sediments being resuspended durine heavv
storms.
Can onlv handle limited amounts of sediment and debris.
Maintenance and inspection of storm drain inserts are reauired before and after each rainfall event.
Hieh maintenance costs.
Hvdraulic losses.

Nk wn

Vegetated Filter Strins

ADVANTAGES:

Lowers runoff velocitv (Schueler. 1987).

Slightlv reduces runoff volume (Schueler. 1987).

Slightlv reduces watershed imperviousness (Schueler. 1987).

Slightlv contributes to eroundwater recharge (Schueler. 1987).

Aesthetic benefit of vegetated “onen snaces” (Colorado Devartment of Transportation. 1992).

k=

Preserves the character of rinarian zones. prevents erosion alone streambanks. and provides
excellent urban wildlife habitat (Schueler. 1992).
LIMITATIONS:

1. Filter strins cannot treat high velocitv flows. and do not nrovide enough storage or infiltration to
effectivelv reduce neak discharees to nredevelonment levels for desien storms (Schueler. 1992).
This lack of auantitv control dictates use in rural or low-densitv develonment.

Reauires slopne less than 5%.

Reauires low to fair nermeabilitv of natural subsoil.

Laree land reauirement.

Often concentrates water. which significantlv reduces effectiveness.

SANRAIE ol i N

Pollutant removal is unreliable in urban settings.

Vegetated Swale

ADVANTAGES:
1. Relativelv easv to desien. install and maintain.
2. Vegetated areas that would normallv be included in the site lavout. if desiened for anorooriate
flow patterns. mav be used as a vegetated swale.
3. Relativelv inexpensive.
4. Vegetation is usuallv pleasing to residents.
LIMITATIONS:
1. Irrieation mav be necessarv to maintain vegetative cover.
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TABLE V-10
Advantages and Limitations of Various
On-Site Stormwater Control Methods (continued)

2. Potential for mosauito breeding areas.
3. Possibilitv of erosion and channelization over time.
4. Reauires drv soils with eood drainage and high infiltration rates for better pollutant removal.
Wet Ponds
ADVANTAGES:
1. Wet nonds have recreational and aesthetic benefits due to the incornoration of nermanent nools in
the design.
2. Wet nonds offer flood control benefits in addition to water aualitv benefits.
3. Wet ponds can be used to handle a maximum drainage area of 10 mi°.
4. High nollutant removal efficiencies for sediment. total phosphorus. and total nitrogen are
achievable when the volume of the nermanent nool is at least three times the water aualitv volume
(the volume to be treated).
5. A wet nond removes nollutants from water bv both phvsical and biological nrocesses. thus thev
are more effective at removing nollutants than extended/drv detention basins.
6. Creation of aauatic and terrestrial habitat.
LIMITATIONS:
1. Wet nonds mav be feasible for stormwater runoff in residential or commercial areas with a
combined drainage area greater than 20 acres but no less than 10 acres.
2. An adeauate source of water must be available to ensure a nermanent nool throughout the entire
vear.
3. If the wet nond is not nronerlv maintained or the nond becomes stagnant: floating debris. scum.
algal blooms. unnleasant odors. and insects mav anpear.
4. Sediment removal is necessarv everv 5 to 10 vears.
5. Heavv storms mav cause mixing and subseauent resusnension of solids.
6. Evaporation and lowering of the water level can cause concentrated levels of salt and aleae to
increase.
7. Cannot be nlaced on steen unstable slones.
8. Pending volume and denth. nond designs mav reauire annroval from State Division of Dams

Safetv.

Note: Advantages / Limitations adapted from Los Aneeles Countv Develovment Plannine for Storm Water
Manaeement Manual. Sevtember 2002.
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10.

11.

TABLE V-11
Suitabilitv of Different Control Measures
in the Darbv-Cobbs Creek Watershed

Cisterns and Covered Ponds:

Recommended in industrial narks where water could be utilized for fire protection: costs varv on size
of cistern and material used: low maintenance costs (usuallv reauires periodic sediment removal).
Also mav be used in existing or newlv develoned residential areas.

Rooftoo Gardens:
Recommended in this watershed

Surface Pond Storage:

Recommended where pond sites exist or on more porous soils (A and B) for eroundwater recharge:
relativelv inexpensive to install and maintain: helps entran sediment to improve the water aualitv of the
receiving stream.

Pondinge on Roof. Constricted Downspouts:
Possible on large buildings: reauired structure modifications usuallv expensive: low maintenance costs
unless leaks occur.

Increased Roof Roughness:
Possible for industrial. commercial. and oublic buildings: relative effectiveness minimal on a
watershed wide basis: moderate installation costs: little maintenance costs.

Porous Pavement:
Hiehlv recommended where nossible. especiallv in A and B soils and large narking facilities: bromotes
groundwater recharge: moderate in exnense compared to tvpical paving: low maintenance costs.

Grassed Channels and Vegetated Strips:

Recommended wherever possible throughout the watershed to slow velocitv and reduce erosion:
minimal slones recommended: could entran sediment to imnrove water aualitv: low installation and
maintenance costs: nromotes infiltration.

Pondinge and Detention on Pavement:
Recommended in entire watershed excent in “No Detention” areas: verv inexpensive with low
maintenance costs: freezine should be considered.

Reservoirs or Detention Basin:
Recommended in entire watershed excepnt in “No Detention” areas: moderate installation and
maintenance costs.

Groundwater Recharse:
Recommended throughout the watershed narticularlv in Hvdrologic Soil Groun A and B.

High Delav Grass and Routing Flow Over Lawns:
Recommended in entire watershed: delavs runoff. entrans sediment. reduces velocities. reduces erosion
potential: relativelv inexpensive installation and maintenance costs.
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H. Sub-Regional (Combined Site) Storage

Traditionallv. the approach to stormwater management has been to control the runoff on
an individual site basis. However. there is a growing commitment to finding cost-
effective comprehensive control techniaues that both preserve and protect the natural
drainage svstem. In other words. two develoners develoning sites adiacent to each other
could pool their capital resources to provide for a communitv stormwater storage facilitv
in the most hvdrologic advantageous location.

The goal should be the develonment and use of the most cost-effective and
environmentallv sensitive stormwater runoff controls. These controls will sienificantlv
imorove the canabilitv and flexibilitv of land develoners and communities to control
runoff consistent with the Darbv and Cobbs Creeks Watershed Stormwater Management
Plan.

An advantage to combining efforts is to increase the onnortunitv to utilize stormwater
control facilities to meet other communitv needs. For examnle. certain stormwater control
facilities could be designed so that recreational facilities such as ballfields. onen snace.
vollevball. etc. could be incorporated. Natural or artificial ponds and lakes could serve
both recreational and stormwater management obiectives.

To take this concent a sten further. there is also the nossibilitv that the stormwater could
be managed “off-site:” that is. in a location off the prooertv(s) in auestion. These
stormwater management facilities could be constructed in an offsite location more
hvdrologicallv advantageous to the watershed. These facilities could be publiclv owned
detention. retention. lake. pond. or other ohvsical facilities to serve multinle
developments. The design and release rate would need to be consistent with the Plan.

1. Regional Detention Facilities

One ootion in watershed-wide storm management is to control runoff using regional
facilities. Develovners could pool their capital to build a regional detention basin at a
strategic location in place of installing a basin on each individual site.

The notential for locating regional facilities within the Darbv-Cobbs watershed was
evaluated. The six narameters used for locating such a facilitv were:

e Site location's influence on the total watershed hvdrologv

¢ Available undeveloned land

e Ownership of the land

e Tonogranhv

e Environmental sensitivitv of the locations

e Total area and nercent of the total contributing area to the basin location.
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Due to the existing develonment and road patterns in the watershed. the onlv areas with
sufficient onen space available for construction of regional detention facilities lie within
natural / conservation area lands. For discussion purposes. four potential regional
detention facilities were located in these areas along Darbv Creek and the Abrahams Run
and Camp Run tributaries. Modeling results. shown in Table V-12. do not provide
sienificant downstream benefits for flood protection to iustifv the nlacement of these
facilities.

TABLE V-12
100-Year HMS Flows with
Pronosed Regional Detention Facilities

Point of Basins
Interest Basin | Basin | Basins | Basin | Basin | #1. #2.
w/o #1 #2 #1 & #3 #4 #3 &

Basins | Onlv Onlv #2 Onlv Onlv #4

#1 6.902 | 6.876 | 6.819 | 6.791 | 6.902 | 6.891 | 6.788
#2 18.316 | 18.048 | 17.715 | 17.403 | 18.216 | 18.264 | 17.257
#3 18.977 | 18.732 | 18.511 | 18.251 | 18.888 | 18.936 | 18.121

Notes: POI #1 — Below confluence of Darbv Creek and Little Darbv Creek
POI #2 — Below confluence of Darbv Creek and Cobbs Creek
POI #3 — Mouth of Darbv Creek

J. “No Harm Ontion”

A develoner has the ontion to prove to the municinalitv that the increase in runoff
generated from his site above the allowable release rate will cause “no harm” anvwhere
in the watershed. The No Harm Ontion 1s used when a develoner can nrove that the nost-
development hvdrogranhs can match nre-develonment hvdrogeranhs. or if it can be proved
that the nost-develonment conditions will not cause increases in neaks at all critical
points downstream.

Several developers within the same subwatershed could independentlv show that thev
would cause no harm. However. the cumulative effect of these contributions could
sienificantlv increase the flow. Therefore. nroof of no harm would have to be shown if
the entire subarea(s) within which the pronosed development is located would be
develoned and the cumulative effect would not create a problem anvwhere in the
watershed. The impnact of the increase in flow would have to be followed downstream
until the increase diminishes due to additional flow from tributaries and/or stream
attenuation.
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K. “Hardshin Ontion”

The develonment of the nlan and its standards and criteria was desiegned to maintain
existing neak flows throughout the Darbv-Cobbs watershed as the watershed becomes
develoned. There mav be certain instances. however. where the standards and criteria
established are too restrictive for a oarticular landowner or develoner. The existing
drainage network in some areas mav be capable of safelv transportine slight increases in
flows without causing a nroblem or increasing flows elsewhere. If a develoner or
homeowner mav not be able to possiblv meet the stormwater standards due to lot
conditions or if conformance would become a hardshin to an owner. the hardshin ontion
mav be aoolied. The landowner would have to plead his/her case to the Townshin
Sunervisors with the final determination made bv the Townshin. Anv landowners
pleadinge the “hardship ontion” will assume all liabilities that mav arise due to exercising
this ontion.

L. Stormwater Quantitv Control Exemntion

Exemptions for Land Use Activities

1. The following land use activities are exemnt from the drainage plan submission
reauirements of this Ordinance.

a. Use of land for gardening for home consumntion.

b. Aogriculture when overated in accordance with a conservation plan. nutrient
management plan. or erosion and sedimentation control nlan annroved bv the
Countv Conservation District. including activities such as growing crons. rotating
crons. tilling of soil. and erazing animals. Installation of new or exnansion of
existing farmsteads. animal housine. waste storage. and production areas having
impoervious surfaces that result in a net increase in earth disturbance of greater
than five thousand (5.000) sauare feet shall be subiect to the provisions of this
Ordinance.

c. Forest managsement overations which are followine the Department of
Environmental Protection’s (DEP) management practices contained in its
publication “Soil Erosion and Sedimentation Control Guidelines for Forestrv’’ and
are onerating under an annroved erosion and sedimentation nlan and must comnlv
with the stream buffer reauirements in Ordinance Section 406.G.

Road replacement. develoboment. or redevelobment that has less than two thousand
(2.000) sauare feet of new. additional. or replaced impervious surface/cover. or in the
case of earth disturbance onlv. less than five thousand (5.000) sauare feet of disturbance.
1s exemnt from this Ordinance.

2. Exemntions for Land Develonment Activities
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The following land develonment and earthmoving activities are exemot from the drainage
plan submission reauirements of this Ordinance.

a. A maximum of two thousand (2.000) sauare feet of new. additional. or
renlacement nronosed imnervious surface.

Or in the case of earth disturbance resulting in less than two thousand (2.000) sauare feet
of impervious cover (as noted above)

b. Up to a maximum of five thousand (5.000) sauare feet of disturbed earth.

These criteria shall abolv to the total development even if the development is to take
pnlace in phases. The date of the municinal Ordinance adontion shall be the starting noint
from which to consider tracts as “parent tracts” upon which future subdivisions and
resnective earth disturbance comnutations shall be cumulativelv considered.

3. Additional Exempotion Criteria:

a. Exemntion Resnonsibilities - An exemntion shall not relieve the Apolicant
from implementing such measures as are necessarv to protect public health.
safetv. and nropertv.

b. HO and EV Streams - An exemntion shall not relieve the Aonlicant from
meeting the svecial reauirements for watersheds drainine to identified hich
aualitv (HO) or excentional value (EV) waters and Source Water Protection
Areas (SWPA) and reauirements for nonstructural nroiect desiegn seauencing
(Ordinance Section 404).

c. Drainage Problems - If a drainage nroblem is documented or known to exist
downstream of or is exnected from the oronosed activitv. then the
Municinalitv mav reauire the Apolicant to complv with this Ordinance.

d. Emereencv Exemption - Emereencv maintenance work performed for the
nrotection of nublic health. safetv. and welfare. A written descrintion of the
scone and extent of anv emereencv work performed shall be submitted to the
[Municinalitvl within two (2) calendar davs of the commencement of the
activitv. If the [Municipalitv] finds that the work is not an emereencv. then the
work shall cease immediatelv. and the reauirements of this Ordinance shall be
addressed as aoplicable.

e. Maintenance Exemntion - Anv maintenance to an existing stormwater
manage-ment svstem made in accordance with nlans and specifications
anpnroved bv the municinal Engineer or the Municipalitv.

V-42
Januarv 2005 Final Draft



f. Even though the developer is exemnt. he is not relieved from complving with
other regulations.
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SECTION VI

Municinal Ordinance Introduction

Municivalities within the Commonwealth of Pennsvlvania are empowered to reculate
land use activities that affect runoff bv the authoritv of the Act of October 4. 1978. 32
PS.. PL. 864 (Act 167) Section 680.1 et sea.. as amended. The “Storm Water
Management Act.” Act 167 reauires that:

e Counties prepare a watershed stormwater management plan in conformance
with the reauirements of Act 167 for each watershed within their boundaries.

e The nlans evaluate nresent and future runoff within the watershed and make
technical recommendations for the control and manaeement of runoff from new
develonment (both auantitv and aualitv).

e Municinalities implement the plan via a stormwater ordinance develoned as part
of the nlan.

e Develoners control the auantitv and aualitv of runoff from new develonment
(including redevelonment) in accordance with each municinalitv’s imnlementing
ordinance.

The Stormwater Management Act emphasizes locallv administered stormwater
nrograms with the watershed municinalities takine the lead role. Imnlementation and
enforcement of the watershed pnlan standards and criteria will reauire the municioalities
to adont the annronriate ordinance nrovisions ordinances that address subdivision and
land development. As part of the prevaration of the Darbv-Cobbs Watershed
Stormwater Management Plan. a model municinal ordinance has been nrenared that will
implement the Plan provisions presented in the ordinance as a sinele purnose ordinance
that could be adonted bv each municinalitv with minor changes to fulfill the needs of a
particular municinalitv. This could be adonted essentiallv “as is” (with some
modification) bv the municinalities. Provisions would also be reauired in the
Subdivision and Land Develonment Ordinance to ensure that activities reeulated bv the
ordinance were annronriatelv referenced

In addition to adonting the ordinance itself. the municinalities would also have to revise
their existine subdivision. land development. and zoning ordinances to incorporate the
necessarv linkineg nrovisions. These linking provisions would refer to anv annlicable
reculated activities within the watershed to the single purnose ordinance. Kev nrovisions
of the model stormwater ordinance include the drainage standards and criteria.
performance standards for stormwater manaeement. and maintenance provisions for
stormwater facilities.

Finallv. the model stormwater ordinances should be understandable. annlied fairlv and
uniformlv throughout the watershed. and should not discourage creative solutions to
stormwater management nroblems. It would be desirable for the municinalities to adont a
uniform regulatorv anoroach for the Darbv-Cobbs Watershed.
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The implementation of the runoff control strateev for development will be throuch
municinal adontion of the anorooriate ordinance orovisions. The “Darbv Creek
Watershed Act 167 Stormwater Management Ordinance” will not completelv replace the
existing storm drainage ordinance provisions currentlv in effect in the municinalities.
The reasons for this are as follows:

e Not all of the municinalities in the Darbv-Cobbs watershed are comnletelv within
the watershed. For those portions of the municinalitv outside Darbv-Cobbs
watershed. the existing ordinance nprovisions would still anolv.

e Permanent and temporarv stormwater control facilities are regulated bv the Act
167 Ordinance. Stormwater management and erosion and sedimentation control
durine construction would continue to be regulated under the existing stormwater
ordinance and Chanter 102 Erosion and Sediment and Pollution Controls. Title 25
of DEP Regulations.

e The Act 167 Ordinance contains onlv those minimum stormwater runoff control
criterion and standards which are necessarv or desirable from a total watershed
nersnective.  Additional stormwater management desien criteria (i.e.. inlet
spacine. inlet tvpe. collection svstem details. etc.) which should be based on
sound engineerineg onractice. should be regculated under the current ordinance
provisions or as part of the general responsibilities of the municinal engineer.

The following model ordinance has been develoned specificallv for municinalities within
the Darbv-Cobbs Creek watershed in order to imnlement the Darbv-Cobbs Creek
Stormwater Management Plan. Municipalities mav elect to either create a sinele-purnose
stormwater ordinance (recommended) or amend existing subdivision or zoning
ordinances to implement the associated stormwater management plan.

All of the provisions within this model ordinance (unless snecificallv desienated as
ontional) are reauired to be nart of the municinal stormwater ordinance or other
ordinances impnlementing the reauirements of the stormwater management nlan.

Organization:

This ordinance contains the following eight articles. each with specific provisions.

Article 1 - General Provisions - This article includes general administrative
nrovisions including annlicable land areas and regulated activities.

Article 11 - Definitions - This article nrovides a list of common terms and
associated definitions used throughout the ordinance.

Article I11 - Drainage Plan Reauirements - This article lists the specific
reauirements for submittal. content. and review of drainage plans reauired bv the
ordinance. This article also includes the stormwater management exemntion criterion.
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Article IV - Stormwater Management - This article represents the technical
provisions for stormwater management within the Darbv-Cobbs Creek watershed and
includes the stormwater management district implementation provisions. water aualitv
reauirements. design criteria. calculation methods. and erosion and sedimentation
reauirements.

Article V - Inspections - This article describes insnection brocedures for
permanent stormwater management and water aualitv facilities.

Article VI - Fees and Exnenses - This article contains the provisions for a
municival review fee.

Article VIIL - Maintenance Responsibilities - This article outlines the anolicants’
responsibilities for oneration and maintenance of stormwater management facilities.

Article VIII - Enforcement and Penalties - This article describes municinal
enforcement procedures. remedies. and the anneals process.

Appendices - This section of the ordinance contains five technical support
annendices necessarv to imnlement the ordinance nrovisions.

Please note that the nlan and associated ordinance nrovisions were develoned under the
authoritv of and in strict conformance with the reauirements of Act 167. These
documents were orepared in consultation with a WPAC comporised of desienated
representatives from each of the watershed municinalities. Countv Plannine and
Conservation District staff. the Darbv Creek Vallev Association and the Chester Countv
Water Resources Authoritv. Other advisorv members invited to serve on the WPAC
include PennDOT. Delco Anglers. as well as a number of others. Pronosed ordinance
pnrovisions were reviewed and accented bv a maioritv of the votine members (noted
above) who attended the meetinegs.

Within six months following adontion and anoroval of a watershed stormwater nlan. each
municinalitv is reauired to adont or amend stormwater ordinances as laid out in the nlan.
These ordinances must reculate develobment within the municipalitv in a manner
consistent with the watershed stormwater nlan and the nrovisions of the Act.

The followineg amendment is reauired for municinalities that issue an occunancv nermit:

e An Occunancv Permit shall not be secured or issued unless the nrovisions of the
Darbv-Cobbs Stormwater Management Ordinance have been followed. The
Occunancv Permit shall be reauired for each lot owner and/or develoner of all
maior and minor subdivisions and land development in the municinalitv

For municinalities without an Occupnancv Permit. thev mav want to adoot the above draft

and include other regulatorv items in the occunancv permit reauirement for their own use.
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ORDINANCE REOUIREMENTS:

The following ordinance provisions must be retained when a municipalitv either elects to
create a single-nurnose stormwater ordinance or amends existing subdivision or zoning
ordinances to impnlement the stormwater management plan.

o Articlel - General Provisions

o Article I - Definitions

e Article III - Drainage Plan Reauirements — Section 302

o Article IV - Desien Criteria for Stormwater Management Facilities
Sections 401. 402. 403. 404. 405. 406. 407. 408 (excent H).
409. 410

e ArticleV - Inspections (laneuage mav be modified bv municinalitv)

e Article VII - Maintenance (language mav be modified bv municinalitv)

e Article VIII - Prohibitions

e Article IX - Enforcement and Penalties (onlv when enacting a single-

purnose Ordinance)

The following ordinance provisions are optional. but recommended to be retained:

e Section 408. G-I

e Section 709. Municinal Stormwater Control and BMP Operation and
Maintenance Fund

e Article VI - Fees and Expnenses

All other nrovisions are ontional and mav be modified to be consistent with other
municipal ordinances related to land development.

NOTE: If a municinalitv chooses to use the model ordinance to implement the
stormwater management plan. it is recommended that the ordinance be submitted to the
municipal solicitor. engineer. and DEP for review prior to enactment.

NPDES Reauirements

Federal reculations annroved October 1999 reauire operators of small municinal separate
storm sewer svstems (MS4s) to obtain NPDES Phase Il nermits from DEP bv March
2003. (NPDES Il is an acronvm for the National Pollutant Discharge Elimination Svstem
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Phase II Stormwater Permitting Reeulations.) This nroeram affects all municinalities in
“urbanized areas” of the state. This definition annlies to all Darbv and Cobbs Creeks
watershed municipalities. Therefore. all municioalities within the Darbv-Cobbs
watershed will be subiect to the NPDES Phase II reauirements mandated bv the Federal
Clean Water Act as administered bv DEP. For more information on NPDES II
reauirements. contact the DEP Regional Office.

Implementation

In order to aid the municinalities and developvers in the imnlementation brocess. flow
charts have been develoned as shown in Ordinance Appendix.

Administration

Due to differences in administration of the building permit process in Philadelphia
Countv. the annlicabilitv reauirements for the Philadelphia nortion of the watershed will
be based upon earth disturbance as ooposed to the amount of pronosed impervious area.
Table 105.1a of the Model Ordinance summarizes the annlicabilitv reauirements for the
municinalities in Delaware. Chester and Monteomerv Counties. Table 105.1b of the
Model Ordinance summarizes the anolicabilitv reauirements for the Citv of Philadelphia.
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SECTION VII

PRIORITIES FOR IMPLEMENTATION

The Darbv-Cobbs Creeks Stormwater Management Plan preparation process is complete with
Chester. Delaware. Monteomerv. and Philadelphia Countv adontion of the draft nlan and
submission of the final nlan to DEP for anoroval. This sets in motion the mandatorv schedule of
adontion of ordinances needed to imnlement stormwater management criteria. As reauired bv the
Act. the Darbv-Cobbs watershed municinalities have six months from DEP aporoval to adoot the
necessarv ordinance orovisions. However. the NPDES II deadline of March 10. 2005. for
municinal enactment a water aualitv ordinance accelerated the ordinance adootion process ahead
of actual nlan adontion. The tvnical order of events is as follows.

A. DEP Aporoval of the Plan

Upon adontion of the watershed nlan bv Chester. Delaware. Montgomerv. and Philadelphia
Counties. the nlan was submitted to DEP for annroval. A draft of the stormwater management
plan and draft model ordinance was sent to DEP prior to adontion of the nlan. The DEP review
pnrocess involves determination that all of the activities snecified in the Scone of Studv have been
completed. The DEP also reviewed the plan for consistencv with municinal floodplain
management plans. State proerams that regulate dams. encroachments and other water
obstructions. and State and Federal flood control nroerams. The review process also ensures that
the nlan is comnatible with other watershed stormwater nlans in the basin. and that the plan is
consistent with the policies of Act 167.

B. Publishing the Final Plan

Upon DEP aooroval. the Delaware Countv Planning Department nublished and vrovided. at
minimum. one hard conv and one digital conv of the nlan to each municinalitv. The nlan includes
this renort. annendices. figures. and the model ordinance.

C. Municinal Adontion of Ordinance to Imnlement the Plan

The essential ineredient for imnlementation of the stormwater management nlan is the adontion
of the necessarv ordinance provisions bv the Darbv-Cobbs Creek watershed municinalities.
Provided as nart of the nlan is the Act 167 Stormwater Management Plan Model Ordinance
which is a single purnose stormwater ordinance that could be adonted bv each municinalitv
essentiallv “as is” to imnlement the nlan. The single nurnose ordinance was chosen for ease of
incorporation into the existine structure of municinal ordinances. All that is reauired of anv
municinalitv would be to adoot the ordinance itself and adoot the necessarv provisions for tving
into the existine subdivision and land develonpment ordinance and zoning ordinance as outlined
in the Municinal Ordinance Matrix in the Annendix. The tving nrovisions would simnlv refer
anv aoplicable regulated activities within the Darbv-Cobbs watershed from the other ordinances
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to the single purnose ordinance. It is recommended that the delineation of the watershed subareas
and the stormwater management criteria assiegned to each subarea be enacted as nart of each
municinalitv’s zoning or subdivision ordinance. This wav the reauirements for management of
stormwater will be anolicable to all changes in land use and not limited to activities that are
subiect to subdivision and land development regulations.

D. Level of Government Involvement in Stormwater Management

The existing institutional arrangements for the management of stormwater include federal. state.
and countv governments. as well as everv municipalitv within the watershed.

In the absence of a single entitv with responsibilitv for all aspbects of stormwater management
within a watershed. it is clear that the “management” that occurs is nrimarilv a function of a
multinle permitting process where a developer attemnts to satisfv the reauirements of all of the
nermitting agencies. Each public agencv has established its own regulations based on its own
obiectives and leeislative mandates as well as its own technical standards according to its
particular stormwater concerns.

The minimum obiectives of this nlan and the minimum mandates of Act 167 can be
accomplished without sienificant modification of existing institutional arrangements. Actions
must be taken at the municinal level. Particination bv the countv in the technical review of
stormwater management plans is necessarv. In addition. there must be maintenance and
ovneration of the comnuter model (as necessarv). and comnilation of data reauired for neriodicallv
updatine the nlan. In addition. unon adontion of the nlan. all future public facilities. facilities for
the nrovision of nublic utilitv services. and facilities owned or financed bv state funds will have
to be consistent with the nlan. even though thev might not otherwise be subiect to municinal
regulation.

The orimarv municinal level activitv will be the adootion or amendment of development
regulations to incornorate watershed stormwater management standards. Act 167 reauires that
this be accomplished within six months of the nlan’s adontion and aboroval. Model ordinance
pnrovisions will be distributed to all of the watershed municinalities. The Chester. Delaware.
Monteomerv. and Philadelphia Countv Planning agencies will be available unon reauest to assist
municinalities in the adontion of the model ordinance nrovisions to fit narticular municinal
ordinance structures.

The primarv countv level activitv will be the establishment of review procedures. The model
ordinance calls for review of stormwater management nlans for develonment sites and erosion
and sediment pollution control plans bv the Delaware. Chester. and. Monteomerv Countv
Conservation Districts resnectivelv. Evidence that the annronriate state and federal agencies
responsible for administerine wetland reeulatorv proerams have been contacted for land
develonment sites containing regulated wetlands is also reauired. The purnose is to ensure that
plan standards have been aoplied aoorooriatelv and that downstream impacts have been
adeauatelv addressed. Procedures and canabilities for nerforming the review function exist
within the eovernmental agencies.
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The counties will also be resnonsible for the maintenance of data for nerformance of review and
of “no-harm” evaluation. The materials prepared bv consultants during the plan preparation
pnrocess that are needed in the develonment of site snecific stormwater management plans.
including data needed to perform the “no-harm” evaluation. must be maintained in a nlace and
form that is accessible to users.

E. Countv-Wide Coordination

There are possible situations of stormwater management functions and concerns which mav not
be adeauatelv addressed within the structure of the existing institutional arrangements or bv the
adontion and enforcement of new regulations at the municioal level as outlined above.

For examnle. the construction of regional storage facilities mav offer an economic and
technicallv sound alternative to the construction of individual. on-site detention basins. There is.
however. no oreanization now that is canable of implementine such a concent. To do so would
reauire a multi-municinal entitv canable of nlannine. financine. constructing. onerating. and
maintaining the shared storage facilities in a manner similar to the management reauired for the
collection. treatment. and disnosal of sanitarv wastes.

The Darbv-Cobbs watershed is a drainage svstem. All of its narts are interrelated. What hannens
upstream affects what happens downstream. and what hannens downstream places limitations on
what hanoens unstream. If runoff is not controlled in unstream communities. downstream
communities will flood. However. if in a downstream communitv. the capacitv of a drainage
channel can be safelv increased. more unstream runoff mav be released. thus reducineg somewhat
the cost of reauired unstream control facilities.

The reduced storm freauencv standard oronosed in this Plan is the orimarv standard for
managing stormwater on a watershed basis and is a verv simole concent that can be implemented
on a nronertv-bv-nronertv basis. It is eauitable and can be used to achieve the law's "no-harm"
mandate. But the same technical tool that allowed the modeling of rainfall routine throughout
the watershed and the develonment of a usable standard for nrovertv-level control. is also
capable of testing numerous. technicallv feasible solutions that would work for combinations of
pnronerties and for combinations of subareas. Some of these notential solutions mav be nreferable
to those that would result from the aoplication of release rates to individual properties.

There are. of course. wavs to work out aereements on a case-bv-case basis to permit the
accomnlishment of almost anv obiective. whether a nublic or a nrivate undertaking. However. as
the number of stormwater detention and control facilities increases during future vears.
continuing maintenance to ensure the integritv of structures and their nerformance will become
verv important. A proliferation of “special aereements” to handle special situations mav make
future accountabilitv verv difficult.

An ideal structure for the management of stormwater on a watershed basis would be an entitv. a
regional stormwater management board. canable of dealine with all interrelated elements of the
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svstem to achieve the following:

e the best nossible technical solutions in the most effective manner:

e the efficient and competent review of stormwater management comvonents of
develonment nlans:

e the continued maintenance and prooer functioning of all elements of the svstem:

e the renair and renlacement of svstem comnonents as necessarv:

e continuing monitoring and evaluation of the nerformance of the drainage svstem:

e updatine and revision of svstem reauirements and standards as necessarv:

e resnonsible financial management including an eauitable annortionment of onerating and
canital costs among the svstem's users and beneficiaries.

It is clear that not all of these obiectives can be achieved on a watershed basis through municinal
implementation of the stormwater olan. but that the existence of an inter-municinal entitv
canable of continuous action at the svstem or watershed level is reauired.

An ontimum management svstem would be an entitv canable of performine similar functions for
multinle watersheds. There are a varietv of models for such an entitv. ranging from assigning
new responsibilities to a coordinated team of existine countv devartments to the creation of a
regional stormwater management board to include stormwater functions. Further. under anv
management svstem. some of the elements in the process could be contracted out to a private
vendor.

The essential concent is that stormwater can be managed like a nublic utilitv and that the costs
for olanning. construction. overation and maintenance. monitoring and evaluation can be
eauitablv shared bv all of the svstem's users.

A basic assumntion underlving the concent of user financing of stormwater management is that
damage caused bv existing and potential stormwater runoff without controls is intolerable.
Therefore. it is in the public interest to undertake stormwater management immediatelv. and such
management should not be delaved until federal and state funding is available.

Based on stormwater management experience elsewhere. users (including beneficiaries) can
finance the full cost of stormwater management inexnensivelv and eauitablv. The cost to each
user is calculated based on user’s prooertv characteristics. Because this method is based on a
formula. it has the advantage of being obiective in its annlication.
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F.

Correction of Existing Drainage Problems

The develonment of the watershed nlan has nrovided a framework for the correction of existing
drainage problems. a logical first step in the process of implementation of a stormwater
management ordinance. It will nrevent the worsening of existine drainage nroblems and nrevent
the creation of new drainage problems as well. The sten-bv-step outline below is bv no means a
mandatorv action to be taken bv the municinalities with watershed nlan adontion ontions. it is
fust one method of solving problems uniformlv throughout the watershed in order to solve
current runoff situations.

G.

Prioritize a list of storm drainage nroblems within the municinalities based on freauencv
of occurrence. potential for iniurv. as well as damage historv.

Develon a detailed engineering evaluation to determine the exact nature of the top
prioritv drainage nroblems within the municinalities in order to determine solutions cost

estimates and a recommended course of municinal action.

Incorporate imnlementation of recommended solutions regearding stormwater runoff in
the annual municinal canital or maintenance budeet.

Culvert Renlacement

The General Procedures for Municinalities to determine size of replacement culverts using Act
167 data is as follows:

4.

Note:

Determine the location and Municinalitv of obstruction on the Obstruction Man and
obtain the obstruction number.

From Section 105.161 of DEP's Chanter 105. determine the desien storm freauencv.
From "Municinal Stream Obstruction Data" tables. locate the Municinalitv and
Obstruction number. Locate the flow value (cfs) for the desien storm freauencv
determined in #2 above.

Have the culvert sized for this desien flow and obtain anv necessarv annrovals/nermits.

Anv culverts/stream crossings not identified on the Obstruction Man need to have storm

flows computed for sizine purnoses (i.e.: Those culverts which were not measured due to lack of
maintenance and therefore the inabilitv to determine the actual size of the obstruction).
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H. PennVEST Funding

One wav in which the comnletion and imnlementation of this nlan can be of assistance in
addressing storm drainage problems is bv onening the avenue of fundine assistance through the
PennVEST vrogram. The PennVEST Act of 1988. as amended. nrovides low interest loans to
ogovernmental entities for the construction. improvement or rehabilitation of stormwater proiects
including the transoorts. storage and infiltration of stormwater and best management nractices to
address non-point source pollution associated with stormwater.

In order to aualifv for a loan under PennVEST. the municinalitv or countv:

1. Must be located in a watershed for which there is an existing countv adonted and DEP
annroved stormwater nlan with enacted stormwater ordinances consistent with the olan.
or

2. Must have enacted a stormwater control ordinance consistent with the Stormwater
Management Act.

| Landowner's/Developner’s Responsibilities

Anv landowner and anv person encaged in the alteration or develonment of land that mav affect
stormwater runoff characteristics shall imnlement such measures consistent with the nrovisions
of the apnnlicable watershed stormwater plan as are reasonablv necessarv to prevent iniurv to
health. safetv or other nronertv. Such measures shall include such actions as are reauired:

1. To assure the maximum rate of stormwater runoff is no greater after development than
prior to develonment activities: or

2. To manage the auantitv. velocitv and direction of resulting stormwater runoff in a manner
that otherwise adeauatelv nrotects health and prooertv from nossible iniurv.

Manv develoners throughout the state. after realizing the natural resource. nublic safetv and
notential economic advantages of proner stormwater management. are constructing develonment
consistent with natural resources protection.
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SECTION VIII

PLAN REVIEW ADOPTION AND UPDATING PROCEDURES

A. Countv Adontion

Prior to nlan comnletion. Delaware Countv transmitted a samole of the nronosed Darbv-
Cobbs Stormwater Ordinance for review to affected municinal planning commissions.
local governing bodies. the Watershed Plan Advisorv Committee and other interested
parties. Delaware Countv then transmitted a draft plan that included the draft ordinance
for review to the municinal nlannine commission and the governing bodv of each
involved municinalitv. the Countv Planning Department or Commission and the
Watershed Plan Advisorv Committee bv official corresnondence. This review included an
evaluation of the plan’s consistencv with other plans and programs affecting the
watershed. The reviews and comments were submitted to the countv bv official
correspondence. The countv received. tabulated. and responded to the comments. The
pnlan was revised as necessarv.

Chester. Delaware. Monteomerv. and Philadelphia Counties held a ioint nublic hearine at
a location in the watershed. A notice for the hearing was published two weeks orior to the
hearing date. The meeting notice contained a summarv of the nrincinal nrovisions of the
plan and stated where conies of the plan could be examined or obtained within each
municinalitv. The comments received at the nublic hearing were reviewed bv the countv
and aporooriate modifications to the nlan were considered.

The plan was passed as a resolution bv the respective Countv Governing Bodies for the
purnpose of adootion. The resolution included references to the volumes. figures.
annendices and model ordinance. The Countv resolutions were recorded in the minutes of
recular meetings of the Chester. Delaware. Montegomerv. and Philadelphia Countv
Governing Bodies.

Delaware Countv. then submitted to DEP: a letter of transmittal and one hard and one
dieital conv of the adonted plan. the review bv each affected municipal plannine agencv
and local eoverning bodv and the Countv Planning Denartment. nublic hearing notice and
minutes. and the resolution of adontion of the nlan bv each Countv. The letter of
transmittal stated that Delaware Countv has comnlied with all nrocedures outlined in Act
167 and reauested that DEP aborove the adonted plan.

B. Provisions for Plan Revision

Section 5 of the Stormwater Management Act reauires that the stormwater management
plan be undated at least everv five vears. This reauirement considers the chanees in land
use. obstructions. flood control proiects. floodnlain identification. and management
obiectives or policv that mav take place within the watershed.
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It will be necessarv to collect and manage the reauired data in a consistent manner and
preferablv store it in a central location. This is not onlv to prepare an undated nlan. but
also. if reauired. to make interim runs on the runoff simulation model to analvze the
impact of a nronosed maior development or a pronosed maior stormwater management
facilitv.

The following recommendations are the minimum reauirements to maintain an effective
technical nosition for neriodicallv reviewing and revising the Plan.

1. It is recommended that the Delaware Countv Council authorize the Countv
Plannine Department to undertake the task of oreanizing stormwater management
plans and supporting data submitted for review. The Plannine Devartment should
also assume resnonsibilitv for neriodicallv reviewing. revising. and undating the
stormwater management plan.

2. It is recommended that the Delaware Countv Planning Department prepare a
workable nrogram for the identification. collection and management of the
reauired data. The proeram should not be limited to the cooperative efforts of the
constituent member municinalities within the Darbv-Cobbs watershed. but should
also include both state and countv agencies concerned with stormwater
management.

3. It is recommended that the Watershed Plan Advisorv Committee convene everv
five vears or as needed to review the Stormwater Management Plan and determine
if the nlan is adeauate for minimizine the runoff imnacts of new develonpment. At
a minimum. the information (to be reviewed bv the Committee) will be as
follows:

a. Development activitv data as monitored bv the Delaware Countv Planning
Department.

b. Information regarding additional storm drainage ovroblem areas as
provided bv the municinal representatives to the Advisorv Committee.

c. Zoning and Subdivision amendments within the watershed.

d. Imvacts associated with anv regional or subregional detention alternatives
impnlemented in the watershed.

e. Adeauacv of the administrative asnects of regulated activitv review.

f. Additional hvdrologic data available through orepnaration of the
Stormwater Management Plan for the Darbv-Cobbs watershed.

The Committee will review the above data and make recommendations to the Countv for
revisions to the Darbv and Cobbs Creeks Watershed Stormwater Management Plan.
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Delaware Countv will review the recommendations of the Watershed Plan Advisorv
Committee and determine if revisions are to be made. A revised nlan would be subiect to
the same rules of adontion as the original nlan. Should the Countv determine that no
revisions to the nlan are reauired for a neriod of five consecutive vears. the Countv will
adont a resolution statine that the plan has been reviewed and been found satisfactorv to
meet the reauirements of Act 167. The resolution will then be forwarded to DEP.
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SECTION IX

FORMATION OF THE DARBY AND COBBS CREEKS
WATERSHED ADVISORY COMMITTEE

The following is a listing of the meetings held bv the Committee during the nrevaration and
adontion of the detailed Watershed Stormwater Management Plan.

Advisorv Committee meetings and their purnposes were as follows:

Meeting Date Purpnose

1 11/29/00 Introduction to Stormwater Management: Review Act 167:
Distributed data collection forms: coordination with other studv
initiatives: progress report.

2 6/5/2001 Watershed characteristics. reviewed coordination with other studv
initiatives: discuss data collection forms - progress report: reviewed
GIS manning efforts: reviewed infill / redevelonment issues and
BMPs: reviewed Fluvial Geomorphologv studv: sample Act 167
Plan.

(O8]

7/10/03  Progress revort — reviewed hvdrologic modeling efforts: reviewed
ogroundwater recharege standards and criteria: reviewed Philadelphia
Water Devnartment studv on Cobbs Creek: reviewed NPDES Phase |
criteria and reauirements: distributed Outfall Data collection forms.

4 3/31/04 Review goals of the Darbv-Cobbs draft nlan: undate on Philadelphia
Water Denartment initiatives/coordination: review oplan format.
standards and criteria. and implementation: NPDES 1I initiative
undate: review timeline.

(9]

9/17/04 Review goals of the Darbv-Cobbs draft nlan: Model ordinance
standards and criteria review — draft and final draft. and the historv
of the changes: NPDES II initiative undate: imnlementation.
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10.

11

12.

13.

14.
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Date

1/29/2004
3/24/2004
3/24/2004
4/28/2004
4/29/2004
4/30/2004
4/30/2004
4/30/2004
4/30/2004
4/30/2004
4/30/2004
6/10/2004

8/27/2004

Municinalitv/Organization/Combanv

CDM

Philadelphia Water Denartment
Chester Countv Planning Commission
Lansdowne Borough

Aldan Borough

Radnor Townshin

Sorinefield Townshin

Philadelphia Water Denartment
Collinedale Borough (Vollmer)
Glenolden Borough (Vollmer)
Prospect Park Borough (Vollmer)
Chester Countv Water Resources Authoritv

Chester Countv Planning Commission

Format

e-mail
e-mail
e-mail
Letter
e-mail
Letter
e-mail
e-mail
Letter
Letter
Letter
Letter

e-mail



Comments and responses to appear in final nlan.
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Note : Basic Ordinance Matrix to meet ACT 167 Reauirements

APPENDIX 2

MUNICIPAL ORDINANCE MATRIX
(WATERSHED STORM MANAGEMENT)

Within the Subdivision and Land Develobment Ordinance

Subdivision Erosion
Townshio/Borouah Zonina Land Dev. Stormwater Flood Plain Road Gradina Sedimentation Other

Aldan Borouah Yes. 1990 Yes. 1990 Sect. 220-34 Ch. 137 Sect. 403 Sect. 407 Ch. 220 Sect. 220.16 ---
Clifton Heiahts Borouah Yes. 1993 Countv Ord.. 1981 Sect. 309 Ord. 545 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Collinadale Borouah Yes. 1993 Countv Ord.. 1981 Sect. 309 Ord. 594 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Colwvn Borouah Yes. 1994 Countv Ord.. 1981 Sect. 309 Ord. 374. 479 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Darbv Borouah Yes. 1998 Countv Ord.. 1981 Sect. 309 Ch. 77 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Darbv Townshio Yes. 1965 Countv Ord.. 1981 Sect. 309 Ch. 8. Ord. 540 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
East Lansdowne Borouah Yes. 1995 Countv Ord.. 1981 Sect. 309 Ord. 331 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Folcroft Borouah Yes. 1990 Countv Ord.. 1981 Sect. 309 Ord. 667 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Glenolden Borouah Yes. 1995 Countv Ord.. 1981 Sect. 309 Ord. 916 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Haverford Townshin Yes. 1996 Yes. 1993 Ch 160-5(1)G Ord. 1669 Ch 160-5(1)E Ch 160-5(1\G Ch 160-5(11G.9-10 ---
Lansdowne Borouah Yes. 1985 Countv Ord.. 1981 Ch 289 Ch. 187. 1982 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Marple Townshio Yes. 1999 Yes. 1954 Ch 74 Sect. 74.28 Ord. 77.14 Sect. 74-28 Sect. 74.14 Sect. 74.26 --- ---
Milbourne Borouah Yes. 2001 Countv Ord.. 1981 Sect. 309 Countv Ord 77-5 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Morton Borouah Yes. 1995 Countv Ord.. 1981 Sect. 309 Ord. 579 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Newtown Townshio Yes. 1995 Yes. 1986 Ch 148-43 Ch. 91. Ord. 1980-12 Ch 148-27 Ch 148-27-F Ch 138 ---
Norwood Borouah Yes. 1990 Countv Ord.. 1981 Sect. 309 Ord. 3-82 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Prospect Park Borouah Yes. 1996 Countv Ord.. 1981 Sect. 309 Ord. 1104 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Radnor Townshio Yes. 2000 Yes. 1991 Ch 255-53 Ord. 77-24 Ch 255-27 Ch 255-60. 31 Ch 255-32 ---
Ridlev Township Yes. 1990 Yes. 1982 Ch 260. Ord. 260 Ord. 1714 Ch 268-22 Ch 268-32 Ch 124. Ord. 1689 Hazardous Materials: Ch 151. Ord 1658.
Ridlev Park Borouah Yes. 1990 Yes. 1989 Ord 1028 Sect 618 Ch. 109 Sect. 602-611 Sect. 606 Sect 618A ---
Rutledae Borouah Yes. 1997 Yes. 1976 Ch 22-1102.2 Ord. 337 Ch 8 --- --- --- ---
Sharon Hill Borouah Yes. 1995 Yes. 1981 JArt. X Ord. 1081.& Sect. 108-150) Ord. 1236 Sect. 108-10 ISect. 108-10.4. 108-15.B & 108-34 --- ---
Sorinafield Townshio Yes. 1997 Yes. 1995 Sect. 123-36 Art. 13. Sect. 143 Sect. 123-28 Sect. 123-25 A.2. B&C Sect. 123-37 ---
Tinicum Townshio Yes. 1997 Yes. 1993 Sect. 48A-26 Ord. 890 Sect. 48A-20 to 25 Sect. 48A-24 --- ---
Upper Darbv Townshio Yes. 1986 Countv Ord.. 1981 Sect. 309 Ord. 2802 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Yeadon Borouah Yes. 1971 Countv Ord.. 1981 Sect. 309 Ch. 1448 Sect. 403. 506. 605. 704. 805 Sect. 403.6. 605.4. 805.6 Sect 811 ---
Easttown Townshio Yes. 1997 Yes. 1997 Sect. 625 Art. 15. Sect. 1501-05 (Zonina Ord.) Sect. 602-612 --- Sect. 626 ---
Tredvffrin Townshio Yes. 1998 Yes. 1998 Sect. 181-53 Sect. 208-15. 208-16 (Zonina Ord.) Sect. 181-46 --- Sect. 181-40 ---
Lower Merion Townshio Yes. 1994 Yes. 1978 Ch121.4 Ch 155.54 Ch 135.27 Ch 135.39 Ch 121.5 ---
Narberth Borouah Yes. 1986 Yes. 1984 N/A Ch 50-103 Sect. 4 N/A N/A ---
Philadelbhia. Citv of Yes. Title 14 Yes. Ch 14-2100 Ch 14-1603.1 Ch 14-1606 Ch 14-2104.3-9 Ch 14-2104.7 Ch 14-1603.1 (6)b.12c.2(6)a| Title 13. Water & Sewer
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What is NPDES Phase I1?

Polluted stormwater runoff has been determined to be the leading cause of impairment
threatening our nation’s surface waters. Mandated bv Coneress under the Clean Water
Act. the National Pollutant Discharge Elimination Svstem (NPDES) Stormwater Proeram
1S a comnrehensive two-phased annroach to addressing sources of stormwater nollution
that affects the aualitv of the nation's waters.

In Pennsvlvania. the Department of Environmental Protection (PADEP) has impnlemented
Phase I of this nrogram which affects certain industrial sites. construction sites over 5
acres and municioalities with pooulations over 100.000. which includes Philadelphia.
Pittsburgh. Allentown and Erie. NPDES pnermits that were issued under this nroeram
were the state's first step in addressing the affects of nonnoint source pollution in our
lakes and streams.

Building unon the success of this nroeram. Phase II of Pennsvlvania's NPDES program
will reauire permittine of over 700 municinal separate storm sewer svstems (MS4s) in
Pennsvlvania. Onerators of these regulated MS4s are reauired to annlv for NPDES nermit
coverage bv March 10. 2003. Phase II also reauires nermittine of all construction sites.
regardless of location. with over 1 acre of disturbance.

Am I an MS4 Municinalitv?

The over 700 MS4s are located in 20 designated Urban Areas (UAs) and 17 notential
UAs in Pennsvlvania. An Urban Area is defined bv the US Census Bureau as “a place
and the adiacent denselv settled surrounding territorv that together have a minimum
nonulation of 50.000 neonle and a densitv of 1000 nersons/sauare mile.” The list of MS4
municinalities can be obtained from DEP's website. DEP ID 385-2000-012.

Even if vour municinalitv is not a desienated MS4. it mav be beneficial to adoont some or
all of the reauirements under Phase Il of the NPDES nroeram to address existing
stormwater pollution problems within vour municinalitv. Although not mandated bv
federal or state law. non-MS4 municinalities should consider the goals of the nrogram
and the overall return it mav provide in improvine overall water aualitv in the
communitv.

What Are the Minimum Stormwater Management Reauirements Under Phase I1?

The Phase II Stormwater regulations snecifv six nrogram elements that must be addressed
bv desienated Municinal Separate Storm Sewer Svstem (MS4) municivalities. The
regulations also imnlv that additional things will need to be done. but the lack of snecific
reauirements gives permit holders a ereat deal of flexibilitv. if not a lot of ecuidance.
about what to do about some asnects of stormwater management. chieflv monitorine.
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The six reauired stormwater nroeram elements include:

Public Education and Outreach

Public Involvement and Particination

Illicit Discharge Detection and Elimination

Construction Site Runoff Control

Post-Construction Runoff Management

Pollution Prevention/Good Housekeening Practices for All Municinal Onerations

SAINANF o e

1. Public Education and Outreach

Awareness of stormwater related environmental issues and nroblems is generallv low. A
varietv of survevs suggest that public awareness of the fact that storm drains are usuallv
not connected to the sewers or that individual actions around our homes causes
sienificant environmental impact to urban streams is not hieh! Manv citizens do not
know that our urban streams and watersheds are being damaged bv the effects of
urbanization and bv the pollutants found in urban environments. Support for stormwater
or urban watershed management will not be strone. varticularlv if new resources are
needed. unless citizens are aware of the condition of urban watersheds and stream
segments.

In some Phase II communities the nresence of 303d list streams (streams listed bv U.S.
EPA as impaired streams) and the TMDL (Total Maximum Dailv Load) process for
reducing vollution and restoring water aualitv in these streams mav help to increase
awareness. Nonetheless. a strong. well-desiened and ongoing. or at least periodic
education nrogram will be needed both to build sunnort for the stormwater nrogram and
make citizens aware of changes thev can and need to make to reduce unnecessarv
stormwater impacts. A strong. effective communitv education proeram will include
ogeneral nublic awareness education as well as more technical education that targets
specific erouns such as develoners. construction contractors. landscavers. lawn care
services. and a varietv of small businesses. It is imnortant to address snecific sectors of
the communitv due to special concerns about pollution or other impacts associated with
that activitv as well as general thines that homeowners and nronertv owners can do to
address needless or avoidable pollution.

In manv communities there mav alreadv be an educator or educators involved in
environmental education in the classroom who would be hannv to assist the communitv
bv developning a stormwater education unit for deliverv at avorooriate erade levels.
Likewise. local scouting organizations or student conservation oreganizations would
probablv be willine to conduct educational activities in the neighborhood using activities
like the stream walk or storm drain activitv. Hands-on activitv and involvement is critical
to learnine at all aeces. Stormwater proerams should utilize these existine resources
whenever possible.
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2. Public Involvement and Particination

It is absolutelv vital to involve the public as earlv as possible in the desien and
imnlementation of the stormwater or urban watershed management nrogram. A diverse
cross section of the communitv representing all the different stakeholder erouns should
be renresented. This should include the regculated communitv (develoners. builders.
business owners or managers etc.). the taxpavers who will be pavine the tab. the provertv
owners who have been imnacted bv flooding in the pnast. environmental grouns and
environmental activists. landowners. educators. volunteer citizen monitors. and others.
These are the neonle who will nav the bills. work with vou to reduce nollution from their
activities (or oppose vou at everv turn if thev are not informed and do not buv into the
proeram). work with vou to imnlement school and communitv education nrograms. work
on cleanups and assist with monitoring through citizen monitoring programs.

The Phase 11 U.S. EPA reauirements include public involvement and there is nrobablv no
better wav to do this than to form a citizen advisorv committee. This should not be a
committee appointed from political insiders. It should be comnosed of stakeholders who
come to the table and are interested enough to stav with the nrocess and who are in basic
agreement that the communitv or stormwater management area organization is
resnonsible for and must develon a stormwater management nrogram. Trulv onen nublic
involvement can avoid expvensive and time-consuming controversies that often lead to
lecal actions. Thev can also reduce the vnotential of citizen lawsuits from grouns or
individuals critical of the progress toward addressing stormwater management. As parties
involved from the beginning in designing. imnlementing. and evaluating the nrogram. it
1s likelv that the concerns of all erouns will be addressed sufficientlv to avoid serious
controversv that can be resolved onlv through legal remedies. Citizen erouns and nersons
fullv involved in a meanineful wav in the nrocess will not choose exnensive legal action
to resolve disputes. Furthermore. most Phase 11 communities are not going to find it easv
to fund stormwater management efforts.

Volunteer involvement will nrobablv be a critical comnonent of manv successful
programs. Volunteers can contribute a lot. whether it is scout troops interested in helping
with neighborhood education through activities like storm drain stenciline. educators
willine to help design education materials. citizens interested in working to help via
involvement in volunteer water monitorine or businesses willine to contribute to the
support of these citizen efforts or other forms of volunteerism.

3. Illicit Discharge Detection and Elimination

In some areas. pollutants from illicit or illeecal discharees mav be a significant
contribution to nollutant loadings. These mav be intentional or unintentional. In older
areas thev mav be discharees that were never rerouted to the sewer svstem as reculations
for discharges were nut in nlace. Thev mav also be thines like floor drains that were
never proverlv connected to the sewer svstem. The task facing permit holders is to
develon strategies and methods for detecting these illicit/illegal discharges so that thev
can be eliminated. A strateev for addressine this problem should first empnlov education

Januarv 2005 Final Draft



of business owners and operators and homeowners and involve the public in detecting
and correcting these nroblems voluntarilv. Addressing the nroblem will also reauire a
monitoring strateev. Monitoring for illicit/illeeal discharees should be kent as simple as
nossible given resource realities and should progress from simnler. cheaner methods to
more complex and more expensive methods as needed. Some techniaues for detecting
these discharges include:

e Visual inspection along water courses for nines and unusual discharges (at the
same time a check can be made for leaking or broken sewer nines)

e Visual insnections of business and industrial sites

e Smoke or dve testing to detect or confirm susnected illicit/illeeal connections

e Drv weather sampling of suspicious discharges for substances indicative of
domestic or industrial wastewater (detereent. ootical brighteners. caffeine or high
conductivitv)

e Inspection. visual or remote camera. inside stormwater convevances

e Reconnaissance sampling unstream of where contamination hot spots are found

4. Construction Site Runoff Control

Perhans one of the most damaging and preventable forms of ollution in ranidlv erowing
urban areas is the excessive sediment loads that can be contributed to streams due to
erosion and transpvort of sediments from construction sites. Communities must have in
nlace measures to control nolluted runoff from construction sites. The Phase II rule
reauires permitting of construction sites down to 1 acre. Also. a robust and effective
nrogram for erosion and sediment control from construction sites will reauire education
and enforcement. Since it is the permit holder that will be the most likelv target of anv
clean water suits filed bv local citizens or bv environmental erouns renresenting citizens
who feel that enforcement is in-adeauate. nermit holders should have their own program
for enforcement. This means that the communitv or (in cases of a watershed authoritv
with multinle iurisdictions). the authoritv. will need to have an erosion and sediment
control nrogram. Some suggestions for doing this include:

v" adont and imnlement a strong erosion and sediment control ordinance

v" provide education and trainine for municinal personnel who are involved in
municinal construction nroiects from sunervisors to eauinment onerators
encourage erosion and sediment control training for construction contractors and
homebuilders or if nossible work with others to nrovide trainine locallv

reauire that at least one apoprooriate individual (an engineer. landscaper.
engineering technician etc.) become certified as a Certified Professional in
Erosion and Sediment Control Specialist (CPESC) and assist that nerson with the
costs associated with certification

create a process for review and aporoval of construction site erosion and sediment
control nlans and nrovide for review of significant nroiects bv the CPESC
cross-train buildine inspectors to do initial inspections of construction sites

as necessarv have the CPESC conduct more detailed insnections

determine whether vou wish to develoo a local enforcement program

AN

AN NN
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Having an effective erosion and sediment control ordinance and nrogram is a critical nart
of an effective stormwater management program. An effective erosion and sediment
control nrogram counled with effective nublic involvement in the stormwater nrogram
provides insurance against costlv legal actions.

5. Post-Construction Runoff Manasement

The Phase II minimum reauirements also include management of runoff after the active
construction period. These reauirements assure that a responsible nartv will take care of
maintaining best management practices (BMPs) until the site is stabilized for erosion
control nractices and that maintenance of detention. retention basins and other structural
BMPs will be funded and taken care of in the future. If the permit holder can. through
incentives (fee structures etc.). induce develoners to utilize non-structural BMPs. the
potential and actual future obligations of the permit holder or communitv will be
lessened. Even then. it is desirable to have some sort of bonding mechanism in nlace or
some sort of recurring fee so that funds for maintenance will be available when needed.
The permit holder or communitv should research the nositive and negative asnects of
different mechanisms for post-construction maintenance before choosing an aporoach
that it believes best suits the needs of the communitv or area.

6. Pollution Prevention and Good Housekeening for Municinal Opnerations

The final reauirement for stormwater Phase II nermit holders is for the municinalitv or
municinalities regulated under the permit to develop and impnlement pollution reduction
and good housekeening nrocedures for nrevention of nollution from stormwater runoff.
This means that a program for nrevention of stormwater imnacts from municinal facilities
and municinal operations will have to be develoned or perhapns strengthened if such a
nrogram alreadv exists. Elements of such a nroeram might include structural comnonents
or such thines as fuel and materials storage and handling safecuard improvements.
erosion and sediment control on municinal proiects. nrotection or restoration of rinarian
corridors on municinal propertv. use of design elements to prevent stormwater runoff and
nollution on new proiects or redevelonment nroiects. flow and nollution control BMPs
for municinal parking areas. and other actions for prevention or reduction of polluted
stormwater runoff. Since careless or thoughtless actions of individuals often contribute to
stormwater pollution a pollution prevention and housekeenine impnrovement program
should include an education comnonent for annronriate citv emnlovees and contractors.
This public sector nollution prevention and housekeenine comvonent of the stormwater
management nrogram can be important particularlv so when a communitv or nermit
holder is eoine to imvlement voluntarv or even regulatorv proerams for reducing
stormwater nollution. The nublic nollution nrevention and housekeening imnrovements
can be used to demonstrate improvements and thus serve as education activities for
private sector businesses and industries in the communitv.
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When Should 2a Communitv do More than the Minimum?

Clearlv these six activities represent the minimum reauirements for Phase II communities
or nermit holders. Everv communitv is different and everv communitv mav have issues.
concerns or problems a little different from those in other communities. For examnle.
some communities mav have concerns about streams or water bodies that are snecial.
verv hieh qualitv resources that the communitv places special value on or which have
impoortant economic value. A communitv mav have a TMDL stream for which snecial
additional actions are needed or reauired to restore water aualitv in order to avoid growth
restrictions or other nossible sanctions. A communitv might have a snecific nroblem like
bacteriological contamination from waterfowl that threatens a public beach. flooding
pnroblems. or something else that is a snecial concern in the communitv that causes it to
desire to do more. Communities should pursue evervthine that makes sense to do for
which there is a nublic consensus and adeauate fundine to comnlete. However. nermit
holders should not list anvthing in their nlan or permit (if thev are aoolving for an
individual nermit) that thev do not definitelv nlan and know that thev can and will
complete. EPA will hold nermit holders to those thines that thev sav thev will do as part
of the nermit. [t is safer for permit holders to do more than thev indicated than to list
somethine tenuous and not be able to accomplish it.
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Introduction

The following is an investigation into methods eayad by various municipalities across the
nation to address the issue of stormwater managemeareas of redevelopment or infill.
Ordinances were reviewed from the states of Madylamd Georgia as well as ordinances from
the cities of Seattle, WA and Portland, OR and @ieester Creek Watershed in Delaware
County, PA. These ordinances were reviewed toruhte if there is a consensus on how
stormwater runoff from redeveloping areas shouldabddressed from a water quantity and
guality perspective.

Summary
The five ordinances reviewed varied significantiythe way stormwater issues were addressed.

A brief summary of the stormwater quantity and gualriteria from each ordinance is included
in the paragraphs below.

Maryland

Runoff Quantity Controls

There are no specific criteria to be met within threlinance to address recharge, channel
protection storage volumes or overbank flood ptatacvolumes unless specified by the
approving agency.

Runoff Quality Controls

In areas of redevelopment, there are three optmaddress stormwater runoff quality:
1) Reduce existing site impervious areas by 20%

2) If site conditions prevent a reduction in impens areas, provide water quality control for at
least 20% of the sites impervious area.

3) A combinations of 1 & 2 can be employed for imyp@us reductions between 0% and 20%.
The combination of impervious area reduction areharontrol by a stormwater management
practice must equal or exceed 20%.

Notes

No explanation is provided as to where the 20% mvipas area reduction was determined.

City of Seattle, WA

Runoff Quantity Controls




For redevelopment sites less than 9,000 sqg. feet,peak discharge rate from pervious and
impervious surfaces shall not exceed 0.2 cfs pes aoder the 25- year design storm. For
redevelopment sites greater than 9,000 sqg. feet,p#ak discharge rate from pervious and
impervious surface shall not exceed 0.15 cfs persagnder the 2- year design storm AND shall
not exceed 0.2 cfs per acre under the 25- yeagniesorm.

Runoff Quality Controls

No specific criteria is sited for runoff quality mwol, however is required to “control the sources
of sediment and other contaminants and pollutdms ¢ould enter drainage water” by use of
temporary and permanent best management practices.

Notes

No explanation is provided as to where the 9,000/ut area limit was determined, or where
peak allowable flow rates were developed.

City of Portland, OR

Runoff Quantity Controls

Control of on site flows to maintain peak flowsthe pre- development (defined as a site’s
ground cover prior to development, “i.e. Lewis &€ days”) for the 2-, 5-, and 10- year storm
events.

Runoff Quality Controls

Criteria requires a 70% reduction of TSS from rdirggnerated by a design storm up to and
including 0.83 inches of rainfall over a 24- hoeripd.

Georgia

Minimum standards for redevelopment sites are samatandards for new development, as
follows:

Runoff Quantity Controls

24- hour extended detention of the 1- year, 24-rstarm event; post development to pre
development rate control for the 25- year, 24- lgtarm event.



Runoff Quality Controls

Stormwater management systems must be designeeémove 80% of the average post-
development TSS load. If facility is designed &piure and treat the water quality volume
(defined as the first 1.2 inches of rainfall frorsite), the facility is considered adequate.

Notes

“Pre- development conditions” is not defined in tase of redevelopment, therefore it could not
be determined if existing impervious areas areuhet! in the runoff calculations.

Chester Creek

Runoff Quantity Controls

Runoff quantity control is accomplished by detenmgnthe pre-development RCN value or
Rational “C” value from a provided chart to refleexisting conditions less restrictive than
“meadow on B class soils” (Chester Creek soilspaiarily HSG ‘B’) based on the percentage
of exiting impervious cover. Post- developmentafirmust then meet pre- development rates
based upon the given release rate criteria fositee

Runoff Quality Controls

Water quality must be addressed using the following

1) Infiltration

2) Extended detention

3) Implementation of additional design control
Riparian buffers are required where applicable (A3).

Notes

Chart developed for “Adjusted” RCN or C values i@séd on the composite value of the
impervious and pervious sections as follows:

for RCN Method: %imperv * 98 + %perv * 58 (meadoR/’“soils)
for Rational Method: %imperv * 0.95 + %perv * 0.(lZ2awn, sandy soil, avg slope)



Conclusions

An ordinance which addresses development in an alezre redevelopment is encouraged
should provide the developer with some credit tosader on site exiting impervious conditions
when determining the amount of stormwater runoficlvhshould be stored or treated. If no
credit is given, and the developer must design éetnpre- existing (i.e. no impervious cover)
rates, the standards may discourage the use oValepenent sites. However, this must be
balanced with the desire to improve existing caodg as it relates to improving water quality
and reducing potential flood damages to downstraigas.

Of the five ordinances reviewed, the Portland, @iReica appears to present the most stringent
standards to meet by requiring onsite flows forexafiopment sites to be limited to pre-existing

(i.e. undeveloped) rates and no credit is giverefasting on site impervious cover. The Seattle,
WA criteria specifies target flow values which aige independent and again do not consider
existing impervious cover. Both of these ordinanaee considered to be strict criteria which

may discourage redevelopment projects in areas ewtier developer has an option to use
undeveloped sites. In areas where there are Uititieveloped available lands and development
pressures are high, these ordinances may be coegittereduce downstream flooding and water
quality impacts.

Of the remaining ordinances, Georgia, Maryland &e€tbr Creek, the Georgia and Maryland
criteria were not specific enough to determinexitgng impervious cover was considered to be
part of the pre- development conditions. Howewbe Chester Creek ordinance clearly
considers existing impervious cover in the deteatiam of pre development conditions. The
charts developed for the Chester Creek ordinaneebassed upon assuming that the pre
development site is underlain by “B” soils, whichsdomewhat conservative when determining
the storage / treatment volumes for post developmaeroff, if the site were actually underlain
by a “C” or “D” soil. The Chester Creek ordinanakso requires that water quality issues be
addressed in the form of TSS reductions and groatelwrecharge. The approach of this
ordinance is more suitable for areas where develbaee the option of choosing undeveloped
sites for development, rather than redevelopmées.siThe water quantity criteria coupled with
then currently promoted water quality criteria sldoboth encourage redevelopment projects
while improving existing water quality concerns dimbding concerns, to a lesser degree. In
areas where downstream flooding is a current propbedditional credits (i.e. exemption from
water quantity criteria as in the MD ordinance) nii@ygiven to the developer is a reduction in
total impervious area can be attained.
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1 Maryland
1.1 Definition
"Redevelopment" means any construction, alterattwnmprovement exceeding 5,000 square

feet of land disturbancperformed on sites where existing land use is ceraial, industrial,
institutional, or multifamily residential.

1.2 When Stormwater Management Is Required
Redevelopment

(1) An approving agency shall require that stornevatanagement be addressed
for redevelopment. Proposed redevelopment progsiggds shall include:

(a) A reduction in impervious area;

(b) The implementation of stormwater managementtjwes; or

(c) A combination of both 8D (1) (a) and (b) ofghiegulation to result in
an improvement to water quality

(2) Unless otherwise specified by watershed managénplans developed
according to 8E of this regulation, all redevelopingrojects shall reduce existing
site impervious area by at least 20 percent.

(3) Where site conditions prevent the reductionngbervious area, stormwater
management practices shall be implemented to peowsater quality control for
at least 20 percent of the site's impervious area.

(4) When a combination of impervious area reductiand stormwater
management practice implementation is used forveddpment projects, the
combination of impervious area reduction and tleaaontrolled by a stormwater
management practice shall equal or exceed 20 pgercen

(5) An approval authority may allow practical attatives where conditions
prevent impervious area reduction or on-site staatewmanagement. Practical
alternatives include, but are not limited to:

(a) Fees paid in an amount specified by the appgoagency;
(b) Off-site BMP implementation for a drainage aceemparable in size
and percent imperviousness to that of the project;
(c) Watershed or stream restoration;
(d) Retrofitting; or
(e) Other practices approved by the appropriatiecaify.
(6) The recharge, channel protection storage voluared overbank flood

protection volume requirements specified in thei@eManual do not apply to
redevelopment projects unless specified by thecaopy agency.

(7) On-site or off-site channel protection storagelume requirements as
specified in the Design Manual may be imposed ifenshed management plans



developed according to S8E of this regulation inthdhat downstream flooding or
erosion need to be addressed.

(8) Variations of this redevelopment policy shale bapproved by the
Administration.

1.3 Redevelopment Provisions That Different From Requiement

An approving agency may develop quantitative waameat redevelopment provisions for
stormwater management that differ from the requamt®m of this chapter. These
provisions shall be developed only as part of aeral watershed management plan.
Watershed management plans developed for the pespokimplementing different
stormwater management policies for waivers andweldpment shall:

(1) Include detailed hydrologic and hydraulic asely to determine hydrograph
timing;

(2) Evaluate both quantity and quality management;

(3) Include cumulative impact assessment of wagserslevelopment;

(4) Identify existing flooding and receiving streamannel conditions;

(5) Be conducted at a scale determined by the apga@agency; and

(6) Specify where on-site or off-site quantitatieed qualitative stormwater

management practices are to be implemented.

1.4 References
Titte 26 DEPARTMENT OF THE ENVIRONMENT. Subtitle 17WATER

MANAGEMENT. Chapter 02 Stormwater Management. Auttyo Environment Article,
84-203, Annotated Code of Maryland. 26.17.02.00.

1.5 URLs

https://constmail.gov.state.md.us/comar/dsd web#ézomeb/subtitle chapters/26 Chapters.
htm#Subtitle17




2 City of Seattle
2.1 Definition

All land disturbing activities or addition or repkment of impervious surface are
required to comply with this section, even wherairtgige control review is not required.
Exception: Maintenance, repair, or installation widerground or overhead utility

facilities, such as, but not limited to, pipes, doits and vaults, is not required to comply
with the provisions of this section.

"Replaced impervious surface” or "replacement gd@mious surface” means impervious
surface that is removed down to earth materialaandw impervious surface is installed.

"New development” means any of the following atieg: Structural development,
including construction of a new building or othéusture; Expansion or alteration of an
existing structure that results in an increasehan footprint of the building or structure;
Land disturbing activities; Creation or expansmhimpervious surface; Demolition;
Subdivision and short subdivision of land as defimeRCW58.17.020.

2.2 When Compliance Is Required

Redevelopment

The portion of the site being redeveloped shakast comply with the minimum

requirements below. Projects exceeding 9,000 sqieet of developmental

coverage must also comply with the additional resjuents. Compliance is

required regardless of the type of redevelopmertt,ragardless of whether or not
a permit is required. However, only those projeunteting the review thresholds
set forth in Subsection B below must prepare afnstuthe required plans.

2.3 Minimum Requirements for All Projects

All projects must comply with the requirements bistsubsection. Projects with more
than 9,000 square feedf developmental coverage shall also comply witte t

requirements of additional requirement for largeojgct below. The Director of

Construction and Land Use may also require projests 9,000 square feet or less of
developmental coverage to comply with the requimsieset forth in additional

requirement for larger project when necessary to@maplish the purposes of this Subtitle.
In making this determination, the Director of Caustion and Land Use may consider,
but not be limited to, the following attributes d@he site: location within an

Environmentally Critical Area; proximity and trikary to an Environmentally Ciritical

Area; proximity and tributary to an area with knoenosion or flooding problems.




(1) Discharge Point. The discharge point for dagenwater from each site shall
be selected as set forth in rules promulgated lyoioy the Director of Seattle

Public Utilities and the Director of ConstructiomdalLand specifying criteria,

guidelines and standards for determining drainagehdrge points to meet the
purposes of this Subtitle. The criteria shall udd, but not be limited to,

preservation of natural drainage patterns and venetie capacity of the drainage
control system is adequate for the additional v@ufor those projects meeting
the review threshold, the proposed discharge psiall be identified in the

drainage control plan required by paragraph C4vbelor review and approval or

disapproval by the Director of Construction and d &ise.

(2) Discharge Rate. To the extent practical, thakpdrainage water discharge
rate from pervious and impervious surfaces on tieestall not exceed 0.2 cubic
feet per second per acre under design storm conditi The Director of
Construction and Land Use and the Director of &Riblic Utilities may jointly
promulgate rules modifying the discharge rate nesgment for projects which will
result in less than 2,000 square feet of new impasvsurface. The Director of
Construction and Land Use and the Director of &Riblic Utilities may jointly
promulgate rules allowing exceptions to the peribisspeak discharge rate for
property which discharges water directly to a desigd receiving water or
directly to a public storm drain which the Directof Seattle Public Utilities
determines has sufficient capacity to carry exgsind anticipated loads from the
point of connection to a receiving water. The gesstorm used to determine
detention volume necessary to obtain the requirechdrge rate shall be a storm
with a statistical probability of occurrence of ane25 in any given year. If the
project is within an environmentally critical arghg design storm requirements
of SMC Chapter 25.09, Regulations for Environméwnt@lritical Areas, shall be
applied. The Director of Seattle Public Utilitiaed the Director of Construction
and Land Use shall jointly adopt rules specifyihg imethods of calculation to
determine the discharge rate. Where laws or regukabf the federal government
or the State of Washington impose a more stringequirement, the more
stringent requirement shall apply.

(3) Control Measures. During new development, vettgpment and land-
disturbing activities, best management practices fuather specific din rules
promulgated jointly by the Director of Seattle Haktilities and the Director of
Construction and Land Use, shall be used to acdsmtsie following:

(a) Control erosion and the transport of sedimeoinfthe site through

measures such as mulching, matting, coveringfesiltes, sediment traps
and catch basins, settling ponds and protectiveiser

(b) Permanently stabilize exposed soils that atdaimg actively worked,

through such methods as the installation of permaegetative cover
and installation of slope protective materials; and

(c) Control the introduction of contaminants andlygants into, and

reduce and treat contaminants in drainage watesjnage control



facilities, surface water and groundwater, andphielic drainage control
system by methods such as covering of materialkpiles; proper
disposal of hazardous materials; regular cleaningatch basins, gravel
truck loading and heavy equipment areas; spill rbnfor fueling
operations; sweeping; and maintaining erosion cbmirotective features
described above.

(4) Drainage Control Plan. For those projects mgehe review thresholds set
forth in Subsection B above and which are less @00 square feet, the
applicant shall submit a drainage control plan etsferth in rules promulgated
jointly by the Director of Seattle Public Utilitieend the Director of Construction
and Land Use. Standard designs for drainage cofacdities as set forth in the
rules may be used. Projects exceeding 9,000 sgigmte must submit a
comprehensive drainage control plan as set fortBubsection D below. The
Director of Construction and Land Use may imposéditaxhal requirements,

including a comprehensive drainage control plarpared by a licensed civil

engineer, when the project has complex or unustwahage, or when additional
requirements are otherwise necessary to accontpkspurposes of this Subtitle.

(5) Memorandum of Drainage Control. The owner(6}Xhe site shall sign a
"memorandum of drainage control" that has been gregp by the Director of
Seattle Public Utilities. Completion of the memutam shall be a condition
precedent to issuance of any permit or approvaivfach a drainage control plan
is required. The memorandum shall not be requivedn the drainage control
facility will be owned and operated by the City. Memorandum of drainage
control shall include:

(a) The legal description of the site;

(b) A summary of the terms of the drainage conplah, including any
known limitations of the drainage control facilgieand an agreement by
the owners to implement those terms;

(c)) An agreement that the owner(s) shall infoutufe purchasers and
other successors and assignees of the existenttee afrainage control
facilities and other elements of the drainage @ian, the limitations of
the drainage control facilities, and of the reqguiemts for continued
inspection and maintenance of the drainage cof#aiities;

(d) The side sewer permit number and the datenantk of the permit or
approval for which the drainage control plan isuieed;

(e) Permission for the City to enter the propefty inspection,
monitoring, correction, and abatement purposes;

(f) An acknowledgment by the owner(s) that they@tnot responsible for
the adequacy or performance of the drainage coplaol, and a waiver of
any and all claims against the City for any hamss| or damage related to
the plan, or to drainage or erosion on the propesicept for claims
arising from the City's sole negligence; and



(g) The owner(s)' signatures acknowledged by argopublic. The
applicant shall file the memorandum of drainagetr@brwith the King
County Department of Records and Elections so d&etome part of the
King County real property records. The applicamlisgive the Director
of Seattle Public Utilities proof of filing of thmemorandum.

(6) Flood-Prone Areas. Sites within flood proneaa must employ measures to
minimize the potential for flooding on the site aflod the project to increase the
risk of floods on adjacent or nearby propertiedoo# control measures shall
include those set forth in other titles of the 8eaMunicipal Code and rules
promulgated there under, including but not limitey SMC Chapter 25.06
(Floodplain Development) and Chapter 25.09 (Envitentally Critical Areas),
and in rules promulgated jointly by the DirectorS#attle Public Utilities and the
Director of Construction and Land Use to meet thigpses of this subsection.

(7) Natural Drainage Patterns. Natural drainageepss shall be maintained.

(8) Obstruction of Watercourses. Watercoursed sbabe obstructed.

2.4 Additional Requirements for Large Projects

All projects exceeding 9,000 square feet of develeptal coverage and those small
projects identified by the Director according tdsection C above must comply with the
requirements set forth in this subsection. Thespirements are in addition to the
requirements set forth in Subsection C above. Wtien Directors develop rules
prescribing best management practices for partiqugooses, whether or not those rules
are adopted by ordinance, BMPs prescribed in thes rshall be the BMPs required for
compliance with this Subsection. Best managemeaattises shall include, but not be
limited to: maintenance and housekeeping pracsoes as proper storage of oil barrels
and other contaminant sources, covering materkpiles, proper use and storage of
hazardous materials, as well as constructed fasilguch as detention tanks, wet ponds,
extended detention dry ponds, infiltration, vegedastreambank stabilization, structural
stabilization, catch basins, oil/water separatgrassed swales, and constructed wetlands.

(1) In addition to detaining a 25-year storm tekase rate of 0.2 cubic feet per
second per acre, the peak drainage water disclratgefrom projects of more
than 9,000 square feet of developmental coveragi rsbt exceed 0.15 cubic feet
per second per acre in a two-year storm;

(2) Control the sources of sediment and other e¢omants and pollutants that
could enter drainage water, including the selectaesign and maintenance of
temporary and permanent best management practices;

(3) Minimize streambank erosion and effects on wajgality in streams,
including the selection, design and maintenandemfporary and permanent best



management practices, where stormwater is disctialigectly to a stream or to a
conveyance system that discharges to a stream;

(4) Minimize the introduction of sediment, heat anther pollutants and
contaminants into wetlands, including the selectidesign and maintenance of
temporary and permanent best management practiwbgre stormwater
discharges directly to a wetland or to a conveyaystem that discharges into a
wetland;

(5) Analyze impacts to off-site water quality raswg from the project. The

analysis shall comply with this Subsection andsyleomulgated pursuant to this
Subsection. The analysis shall provide for mitgabf all surface water quality

or sediment quality impacts. The impacts to belumtad and mitigated shall

include at least the following:

(&) Amount of sedimentation;

(b) Streambank erosion;

(c) Discharges to groundwater contributing to reghaones;

(d) Violations of state or federal surface wategumpdwater, or sediment
quality standards; and

(e) Spills and other accidental illicit discharges;

(6) A schedule shall be provided for inspection andintenance of proposed
temporary and permanent drainage control faciliied other best management
practices. The schedule shall meet the requiresnenthis Subtitle and rules

promulgated under this Subtitle.

(7) In addition to the requirements described abbéweland- disturbing activities
and demolition of structures, an erosion/sedimentrol plan designed to comply
with the requirements and purposes of this Subtitel rules promulgated
hereunder shall be submitted and implemented. drbsion/sediment control
plan shall be designed to accomplish the following:

(a) Stabilization of exposed soils and sediment tragpin

(b) Delineation of limits on clearing and easements;

(c) Protection of adjacent property;

(d) Appropriate timing and stabilization of sedimemtpjping measures;

(e) Minimization of erosion on cut-and-fill slopes;

(H) Control of off-site erosion;

(g) Stabilization of temporary conveyance channelsauitts;

(h) Protection of storm drain inlets;

() Minimization of transport of sediment by constroativehicles;

() Appropriate timing for removal of temporary best magement
practices;

(k) Control of discharges from construction site dewage devices to
minimize contamination of drainage water; and



() Inspection and maintenance of best management igesctfor
erosion/sediment control to insure functioning esign capacity.

(8) Comprehensive Drainage Control Plan. A comgnelve drainage control
plan to comply with the requirements of this Suétiand rules promulgated
hereunder and to accomplish the purposes of thi¢itieushall be submitted with
the permit application. It shall be prepared byiceansed civil engineer in
accordance with standards adopted by the Dire¢tGoastruction and Land Use.

2.5 References

Seattle Municipal Code (SMC) SMC 22.800.010- Stoates;, Grading and Drainage
Control Code

An ordinance Relating to the Stormwater, Grading] Brainage Control Code, as adopted
by Ordinance 116425 and amended by Ordinances 21243697, 117789, and 118396;
amending Chapter 22.800, entitled "Title, Purp&@mpe, and Authority"; amending Chapter
22.801, entitled "Definitions"; amending Chapter.82, entitled "Stormwater, Drainage,
and Erosion Control"; amending Chapter 22.804 tledti"Grading"; and amending Chapter
22.808, entitled "Administration and Enforcement."

2.6 URLs
http://clerk.ci.seattle.wa.us/~scripts/nph-
brs.exe?s1=22.800&s2=&S3=&Sect4=AND&I=20&Sect1=IMB&Sect3=PLURON&Sect
5=CODE1&d=CODE&p=1&u=/~public/codel.htm&r=1&Sect6=HDFF&f=G

http://clerk.ci.seattle.wa.us/~scripts/nph-
brs.exe?d=CBOR&s1=119965.ordn.&Sect6=HITOFF&I=20&8u=/~public/cbor2.htmé&r
=1&f=G




3 City of Portland

3.1 Definition

Redevelopment: Any development that requires ddimolior complete removal of
existing structures or impervious surfaces atead replacement with new impervious
surfaces. Maintenance activities such as top-lay@nding and re-paving are not
considered to be redevelopment. Interior remodefirgjects and tenant improvements
are also not considered to be redevelopment. Ytinches in streets are not considered
redevelopment unless more than 50% of the strethws removed and re-paved.

3.2 Requirements
Pollution Reduction Requirements

The City of Portland has a citywide pollution retlon requirement for all new
development projects with _over 500 square fektimpervious development
footprint area, and all redevelopment projects veliging over 500 square feet
of impervious surface. This requirement is 70 petrcemoval of total suspended
solids (TSS) from runoff generated by a designnstap to and including 0.83
inches of rainfall over a 24-hour period (NRCS Ty distribution). Appendix
B provides a more detailed definition of “70 percegmoval of TSS”, which is
actually a function of influent TSS concentration.

Flow Control Requirements

Flow control requirements are intended to mainpaat-development peak flows
at their pre-development levels and to maintairkgkavs within the capacity of
the conveyance system for most storm events. $pabif on-site flow control
shall be sufficient to maintain peak flows at thaie-development levels for the
2-year, 5-year, and 10-year runoff events. (No& for redevelopment projects,
pre-development conditions are defined as undeedldand- See definition in
Section 1.3). Surface retention facilities are meglito the maximum extent
practicable to control stormwater volumes (see gtxams in Section 1.6).

3.3 Parking Lots
Surface Parking Lot Requirements

Parking and Loading describes dimensions, landsgagnd other requirements
for parking lots. Title 33.248: Landscaping and e€&ciing describes planting
requirements for parking lots and other site ugtlso see Chapter 5.0 for a list
of approved parking lot trees.) Any new parking tlo&t creates more than 500
square feet of impervious surface, or any redeeslqparking lot (see definition

of redevelopment in Section 1.3) that redevelopsenban 500 square feet of



impervious surface, must use the landscape arearedgoy the zoning code to
manage stormwater from the new or redeveloped d&gesting parking lots
required to meet the non-conforming use landscapsogiirements under Title
33.258.070, must use simplified approaches wheeetipable in the newly
required landscaped areas. Where it is not practararunoff to flow into
landscaped areas this requirement does not applg. féllowing exceptions
and/or conditions to these requirements may appén exception is claimed, the
applicant must still fulfill all other relevant regements of Chapters 1.0 through
7.0 of this manual.

(1) The parking lot or a portion of it is designated aahigh-use (see
Chapter 4.0, Section 4.11) and is subject to requents that may conflict
with the use of landscaping for stormwater managgme

(2) Contaminated soil conditions on the site precludeuse of landscape
infiltration. In this situation, landscape fackéi§ may be used for
stormwater management, but must be lined to prauaéhtation.

(3) The parking lot has been approved without landscgpior has

landscaping conditions that conflict with the udettee landscaping for
stormwater management. (For example, if landscasngequired in a

location that cannot receive stormwater as grélaty, that portion of the

landscaping would not have to be used for stormwatmagement.) The
following simplified approaches from this chapteayrbe used to meet
these requirements:

(a) Vegetated swales
(b) Grassy swales
(c) Vegetated filters
(d) Planter boxes
(e) Vegetated infiltration basins
() Sand filters
(g) Soakage trenches (if site soil conditions supgueirtuse, and
the surface of the trench is not paved over). Thergpiate
sizing requirements shown on Form SIM shall be used
calculate the area needed for the applied meastfrabe
landscaped area(s) within the parking lot are riEgaately
sized to meet the requirements of this chapterapipdicant has
the following options:
() Increase the landscaped area(s) within theipgrot to
accommodate the required stormwater facility size,
(i) Use additional stormwater management fac#itie
(which can include non-landscaped approaches) tairob
the required level of management.
(h) Additional disposal measures (e.g., drywellgkage trenches,
off-site storm sewers, drainage ways, or ditcheay ive required



through building and plumbing codes, as approvedBky and
OPDR.

Tips for Parking Lot Design
(1) Design the grading to direct stormwater runoff ildndscape areas. Depress the
landscape areas adjacent to the parking surfacadow runoff to enter. See the

vegetated swale detail in this chapter for a typscass-section.

(2) Maximize sheet flow opportunities and, if possitdepid piping that drives the
water level down, making it difficult to managesurface facilities.

(3) Provide numerous curb cuts (one every 10 feetkerte stops or other means to
protect the landscape areas and allow maximum rdiapef the flows.

(4) Consider design elements such as berms or treaatsdr
(5) When possible, situate buildings or fill areas lo high elevations of the site.

(6) Make certain the design includes overflow and appate disposal methods.
Overflow routes must show a safe escape routd&L00-year storm event.

(7) Note that the parking lot tree standard is 3 calipehes, unless the tree is chosen
from the approved parking lot tree list, when ibhde 2 caliper inches.

3.4 References

2002 Stormwater Management Manuatlopted July 1, 1999, Revised September 1, 2002,
Environmental Services, City of Portland Clean RM&orks.

3.5 URLs

http://www.cleanrivers-pdx.org/tech resources/2@dnm.htm




4 GEORGIA

4.1 Definitions

Redevelopment is defined as structural developm(eohstruction, installation or
expansion of a building or other structure), ci@ator addition of impervious surfaces
(creating an additional 5,000 s.f. of imperviousdarreplacement of impervious surface
not part of routine maintenance, and land distglantivities associated with structural
or impervious development. Redevelopment doesmubtide such activities as exterior
remodeling.

4.2 Stormwater Management for Area of New Development rd
Redevelopment

The focus of this Manual is how to effectively death the impacts of urban stormwater
runoff through effective and comprehensive stornewamanagement. Stormwater
management involves both the prevention and mitigadf stormwater runoff quantity
and quality impacts as described in this chapteoutjh a variety of methods and
mechanisms. Volume 2 of this Manual deals with wilyg developers in Georgia can
effectively implement stormwater management to es&lr the impacts of new
development and redevelopment, and both preventéiigate problems associated with
stormwater runoff. This is accomplished by:

(1) Developing land in a way that minimizes its impact a watershed, and
reduces both the amount of runoff and pollutantegeed

(2) Using the most current and effective erosion andinsentation control
practices during the construction phase of devetpm

(3) Controlling stormwater runoff peaks, volumes antbeities to prevent both
downstream flooding and streambank channel erosion

(4) Treating post-construction stormwater runoff befards discharged to a
waterway Implementing pollution prevention pracsiceds prevent stormwater
from becoming contaminated in the first place

(5) Using various techniques to maintain groundwatehnaege

The goal of a set of minimum stormwater managenstandards for areas of new
development and significant redevelopment is tauicedthe impact of post-construction
stormwater runoff on the watershed. This can béeaeld by (1) maximizing the use of
site design and nonstructural methods to reducgée¢heration of runoff and pollutants;
(2) managing and treating stormwater runoff thodigl use of structural stormwater
controls; and (3) implementing pollution preventigractices to limit potential
stormwater contaminants.



It should be noted that the standards presenteddierrecommended for all communities
in Georgia. They may be adopted by local jurisditsi as stormwater management
development requirements and/or may be modifiethéet local or watershed-specific
stormwater management goals and objectives. Ptassailt your local review authority
for more information.

The minimum standards for development are desigoedssist local governments in
complying with regulatory and programmatic requiegnts for various state and Federal
programs including the National Pollutant Discharfgkmination System (NPDES)
Municipal Separate Storm Sewer System (MS4) pepnaigram and the National Flood
Insurance Program under FEMA.

4.3 Additional Requirements

New development or redevelopment in critical orssere areas, or as identified through
a watershed study or plan, may be subject to aaditiperformance and/or regulatory
criteria. Furthermore, these sites may need t@etdr restrict certain structural controls
in order to protect a special resource or addrestin water quality or drainage
problems identified for a drainage area.

4.4 Georgia Stormwater Management Manual Volume 2 (Teahical
Handbook)

The following standards are the recommended minimgtormwater management
performance requirements for new development ceveldpment sites falling under the
applicability criteria in subsection 1.2.2.1. (TWwerd “shall” in brackets is provided for
local jurisdictions that wish to adopt these staddaas part of their stormwater
management ordinances) A more detailed explanaifoeach minimum standard is
provided in the next subsection.

Minimum Standard #1 — Use of Better Site Desigrctras for Stormwater Management
Site designs should preserve the natural drainadetraatment systems and reduce the
generation of additional stormwater runoff and pialhts to the fullest extent practicable.

Minimum Standard #2 — Stormwater Runoff Quality

All stormwater runoff generated from a site shojddall] be adequately treated before
discharge. Stormwater management systems (which inalude both structural
stormwater controls and better site design pragtiskould [must] be designed to remove
80% of the average annual post-development tosppended solids (TSS) load and be
able to meet any other additional watershed- ersgecific water quality requirements.

It is presumed that a stormwater management systanplies with this performance
standard if:



It is sized to capture and treat the prescribecemauiality treatment volume, which is

defined as the runoff volume resulting from thetfit.2 inches of rainfall from a site; and
appropriate structural stormwater controls are c¢ete designed, constructed, and
maintained according to the specific criteria imnstManual. Runoff from hotspot land

uses and activities is adequately treated and sslelethrough the use of appropriate
structural stormwater controls and pollution prei@npractices.

Minimum Standard #3 — Stream Channel Protection

Stream channel protection should [shall] be pro¥idg using all of the following three

approaches: 24-hour extended detention storagleeofdyear, 24-hour return frequency
storm event; erosion prevention measures suchagyedissipation and velocity control;

and preservation of the applicable stream buffer.

Minimum Standard #4 — Overbank Flood Protection

Downstream overbank flood protection should [shbH] provided by controlling the
post-development peak discharge rate to the prémfmwent rate for the 25-year, 24-hour
return frequency storm event. If control of theday, 24-hour storm (Minimum Standard
#3) is exempted, then overbank flood protectiorughgshall] be provided by controlling
the post-development peak discharge rate to thdepetopment rate for the 2-year
through the 25- year return frequency storm events.

Minimum Standard #5 — Extreme Flood Protection

Extreme flood protection should [shall] be providég controlling and/or safely
conveying the 100-year, 24-hour return frequenoynstevent such that flooding is not
exacerbated. Existing and future floodplain aréesikl be preserved as possible.

Minimum Standard #6 — Downstream Analysis

A downstream hydrologic analysis should [shall]dezformed to determine if there are
any additional impacts in terms of peak flow ina®ar downstream flooding while
meeting Minimum Standards #1 through 5. This amslgbould [shall] be performed at
the outlet(s) of the site, and downstream at eabhbtary junction to the point(s) in the
conveyance system where the area of the portidheokite draining into the system is
less than or equal to 10% of the total drainaga ab®ve that point.

Minimum Standard #7 — Groundwater Recharge
Annual groundwater recharge rates should be maedaito the extent practicable
through the use of nonstructural methods.

Minimum Standard #8 — Construction Erosion and ®edtation Control
Erosion and sedimentation control practices shallublized during the construction
phase or during any land disturbing activities.

Minimum Standard #9 — Stormwater Management Sy€eeration and Maintenance
The stormwater management system, including alicgiral stormwater controls and
conveyances, should [shall] have an operation aaghtenance plan to ensure that it
continues to function as designed.



Minimum Standard #10 — Pollution Prevention
To the maximum extent practicable, the developnpeaject should [shall] implement
pollutant prevention practices and have a stormwailution prevention plan.

Minimum Standard #11 — Stormwater Management Sée P
The development project should [shall] preparecansivater management site plan for
local government review that addresses Minimum &teds #1 through 10.

4.5 Better Site Design Practice

Reduce the Parking Footprint- Reduction of Impargi€over

Description: Reduce the overall imperviousness @aatad with parking lots by
providing compact car spaces, minimizing stall digiens, incorporating
efficient parking lanes, parking decks, and usingops paver surfaces or porous
concrete in overflow parking areas where feasihti@ossible.

Key Benefits
Reduces the amount of impervious cover and assdciatnoff and pollutants
generated

Using this practice

Reduce the number of parking spaces

Minimize stall dimensions

Consider parking structures and shared parking
Use alternative porous surface for overflow areas

Discussion

Setting maximums for parking spaces, minimizingll stimensions, using
structured parking, encouraging shared parking asithg alternative porous
surfaces can all reduce the overall parking foat@nd site imperviousness.
Many parking lot designs result in far more spattes) actually required. This
problem is exacerbated by a common practice ofingetparking ratios to
accommodate the highest hourly parking during #ekpseason. By determining
average parking demand instead, a lower maximunbeuwf parking spaces can
be set to accommodate most of the demand. Tabl2-2.grovides examples of
conventional parking requirements and compares themaverage parking
demand.

Table Conventional Minimum Parking Ratios (Soull@&, 1987; Smith, 1984; Wells, 1994)

Land Use

Parking Requirement Actual Average
Parking Ratio Typical Range Parking Demand

Single family homes

2 spaces per dwelling 1525 1.11 spaces per
unit T dwelling unit




. 5 spaces per 1000 ft 3.97 per 1000 ft 2
Shopping center GEA 4.0-6.5 GEA
Convenience store ég : paces per 1000 ft 2.0-10.0 --
. 1 space per 1000t 1.48 per 1000 ft 2
Industrial GEA 0.5-2.0 GEA
Medicall dental office g; Spaces per 1000t | ;5 100 4.11 per 100G GFA
GFA = Gross floor area of a building without stagagy utility spaces.

Another technique to reduce the parking footprsnta minimize the dimensions
of the parking spaces. This can be accomplishedhycing both the length and
width of the parking stall.

Parking stall dimensions can be further reducezbrhpact spaces are provided.
While the trend toward larger sport utility vehgléSUVS) is often cited as a
barrier to implementing stall minimization technégy stall width requirements in
most local parking codes are much larger than tidest SUV structured parking
decks are one method to significantly reduce therally parking footprint by
minimizing surface parking. Figure 1.4.2-20 showgpaaking deck used for a
commercial development.

Shared parking in mixed-use areas and structurddngeare techniques that can
further reduce the conversion of land to impervi@moser. A shared parking
arrangement could include usage of the same pat&tngy an office space that
experiences peak parking demand during the weekdifly a church that

experiences parking demands during the weekends\ardngs.

Utilizing alternative surfaces such as porous pawar porous concert is an
effective way to reduce the amount of runoff getestdy parking lots. They can
replace conventional asphalt or concrete in bothv rédevelopments and
redevelopment projects. However, porous pavemeriacas generally require
proper installation and more maintenance than aaiweal asphalt or concrete.

4.6 References

Georgia Stormwater Management Manual Volume 1:r8t@ter Policy guidebook First

Edition August 2001, Atlanta Regional Commission

4.7 URLs

http://www.georgiastormwater.com




5 Center for Watershed Protection (CWP)

5.1 Definition

“Redevelopment” is the process in which an existiegeloped area is adaptively reused,
rehabilitated, renovated or expanded.

“Infill” is development that occurs on smaller pels that remain undeveloped but are
within or very close to existing urban areas.

5.2 What Are The Best Incentives To Encourage Redevelogent?

(1) Resolving the transportation problems, particuléstysuburban commuters.
(2) Waterfront development.

(3) Shortening/ simplifying the approval process.

(4) Unifying codes and ordinances.

5.3 Other Suggestions

(1) Don't forget the temporal scale, e.g. over timeewetbpment is very
beneficial at the site level.

(2) Don't forget the neighborhood based framework. Dfonget environmentally
sensitive techniques inside the building.

(3) Make it applicable to all areas of different climatpolitics and technical
expertise.

(4) Use a word other than principle.

5.4 Tools and Techniques for Redevelopment and Infill
Practice Oriented

(1) Maintain natural features as part of the landsadpessite and encourage tree
planting and other revegetation practices.

(2) Manage rooftop runoff through storage, reuse, angydirection to pervious
surfaces for stormwater management.

(3) Use alternative paving materials for parking andeotpathways whenever
possible and feasible.

(4) Provide long term management plans for natural sargaublic spaces,
stormwater management facilities and lighting.

Program Oriented

(1) Promote the rehabilitation of urban streams ancttbation and restoration of
aquatic corridors.



(2) Encourage the use of green parking techniques byiging incentives
whenever possible.

(3) Monitor and eliminate illicit or unmanaged dischesgnto streams, lakes and
estuaries and foster operation and maintenancetigescthat prevent or
reduce pollutants entering the municipal or natdralnage system.

(4) Promote environmental stewardship through outresmwh education for the
present and the future.

(5) Encourage pollution prevention practices for busses and municipalities to
reduce pollutant loads and foster an environmegitac.

Shared Principles

5.5 URLs

(1) Use appropriate, effective, and economical storrawvatanagement where
possible.*

(2) Encourage the incorporation of natural featuregaasof the streetscape.*

(3) Master plan redevelopment areas to promote plargragtices and provide
green spaces (trees, urban parks, and communigemgs) in the urban
environment.*

(4) Encourage the use of open space designs, inclugigction of building
footprints, preservation of natural areas, andvatige building techniques to
reduce the amount of new impervious cover created.*

(5) Encourage development designs that integrate nelaspapen spaces, and
architecture with the existing community.*

Indicates principles that can be organized und#r thee Practice and Program.

http://www.cwp.org/index.html




6 Green Roofs

A. Green Roofs for Healthy Cities
Water Benefit (other benefits are not list here)

In summer, green roofs retain 70-100% of the pr&tipn that falls on them; in winter they
retain between 40-50%. A grass roof with a 4-20layer of substrate can hold between 10-15
cm of water.

6.1 Stormwater Retention
Water is stored by the substrate and then takemyupe plants from where it is returned
to the atmosphere through transpiration and evéipara

In summer, depending on the plants and growing amedgreen roofs retain 70-80% of
the precipitation that falls on them; in winter yhretain between 25-40%. For example, a
grass roof with a 4-20 cm (1.6 - 7.9 inches) layfegrowing medium can hold 10-15 cm
(3.9 - 5.9 inches) of water.

6.2 Water Filtration

Green roofs not only retain the rainwater, but afsmlerate the temperature of the water
and act as natural filters for any of the watet tregppens to run off.

6.3 Temporal Delay of Stormwater Runoff and Reduced Ruaoff Volume

Green roofs reduce the amount of stormwater ruaontf also delay the time at which
runoff occurs, resulting in decreased stress oreseystems at peak flow periods.
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The graph above records the cumulative rainfall mmdff from the Green Roof and the
Reference Roof during a 34mm (1.3 inches) rain eweer a 15h period in October
2001. The green roof delayed runoff and reduceduheff rate and volume. For more
details on this research conducted by the Natiddasearch Council's Institute for
Research in Construction, see the article on pagfalh®e Winter 2002 issue of tligreen
Roof Infrastructure Monitor .

6.4 Regulatory/Policy Initiatives

The U.S. Clean Water Act promises to become an iitapbregulatory driver of green
roof implementation in the United States. Thkean Water Act, Section 319 Grant
addresses non-point source pollution and can peoddsource of funding for green
roofs.

To inquire about receiving Section 319 grant fugdior green roof projects contact your
state nonpoint source coordinator Green roofs can be funded as demonstration fisojec
throughout most states and can be used to mititpgeimpacts of stormwater and
combined sewer overflows in developed areas.

Two projects funded by this grant include:
Maryland: Montgomery Park , Grant Award: $92, 000.00

Arizona: Riverfront Residence Grant Award: $33, 875.00

The City of Seattle requires that all new municipal buildings be LEFxertified and
green roofs provide an opportunity to gain as masys points under this system. A
number of LEEDB" certified buildings have green roofs.

The City of Toronto’s “Environmental Plan” and draDfficial Plan” both contain
policies that encourage the implementation of green infrastructure

The City of Chicago passed dmergy Conservation Ordinanceon June 3, 2001
requiring all new and replaced roofs to meet mimmatandards of solar reflectance and
emissivity using ASTM testing methods. This reqguneat, which is being phased in, can
be met by installing a green roof system.

B. GreenRoofs
6.5 GreenRoof

Greenroofs reduce the volume of stormwater flowingnto streams and drainage channels,
resulting in the control of sediment transport andoverall soil erosion. According to an
article in the November/December 1998 issue of Eros1 Control Magazine, the natural
carpets provided by greenroofs protect both roofs iad the soil below.Nitrogen, phosphorus
and toxins can enter a vegetated stream as dissslyestances. Greenroofs' vegetated cover



properties of friction, root absorption, clay, asall organic matter can control these substances
from entering a stream corridor (Dramstad, et 896). In February of 1999, the International
Erosion Control Association’s Conference & Tradep&sition was held in Nashville, TN, and
featured a training workshop and special sectiganding the benefits and applications of roof
greening systems. Thomas Roess of Strodthoff adeds GMBH of Germany presented on
this subject, and is a frequent lecturer worldwodegreenroof technology.

Vegetation absorbs pollutants from rainwater, and geenroofs provide this same amenity.
Heavy metals and nutrients found in stormwatebarend in the soil instead of being discharged
into the groundwater or streams or rivers. Ovéx3F cadmium, copper and lead and 16% of
zinc can be taken out of rainwater. Nitrogen Ilsvedn also substantially fall (The London
Ecology Unit, 1993).

Perhaps the greatest ecological function a greenrbocan provide is its stormwater
management capacity Impervious cover has become a function of coptaary land uses. As

a result of new land use practices, cities acrbesnation have developed over-stressed sewer
systems with urgent stormwater management probleording to analysis of Lansat Satellite
data by NASA climate scientists, University of Ggiarresearchers and others, metro Atlanta is
losing 50 acres of tree cover per day. From 1388998 the 13-county metro area lost
approximately 190,000 acres of tree cover to dgrant (Charles Seabrook, 1999). Lost green
space is then a by-product of the proverbial asghable, and the inherent natural processes
associated with natural areas are also lost. Tihe below from Bruce Fergusorigroduction

to Sormwater: Concept, Purpose, Design (1998), shows the amount of impervious cover that
development and the new impervious pavements peoduc

Impervious cover as a function of
contemporary land use type
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“We are obligated to restore the mechanisms ofetli¢h’s self-maintaining balance. Runoff
must be moderated, treated, and returned to itsregtve path in the soil,” (Ferguson, 1998).

On-site stormwater retention and runoff control
from expansive roof surface areas of buildings can
be accomplished through greenroofs. According
to civil engineer Charlie Miller, Principal, of
Roofscapes, Inc., “Vegetated roof covers may
offer the only practical ‘at-source’ technique for
controlling runoff in areas that already are highly
urbanized.” The reversal of damage caused by
uncontrolled storm water runoff and non-point
source pollution is possible within our urbanized
watersheds. He believes that the intelligent use of
best management practices (BMPs) can result in
significant improvements, as well as long-term
savings to individuals and municipalities (

Source: ZinCo International 3/98 Brochur&ww.roofmeadow.con).

Depending on rain intensity and greenroof soil
depths, runoff can be absorbed between 15 to 9théfeby considerably reducing runoff and
potential pollutants from traditional imperviousofmg surfaces. Plants intercept and delay
rainfall runoff and the peak flow rate, alleviatisgmbined sewer overflows, and eventually
return water to the surrounding atmosphere by ewadjom and transpiration. Average runoff
absorption rates are between 50 to 608\{.roofmeadow.con).

The control of stormwater
runoff is achieved by mimicking
natural processes by intercepting
and delaying rainfall runoff.

. oninas Greater grass & plant diversity
e provides better plant uptake and
R simple friction, which creates
= S P ~less erosion, and more water is
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retained on the greenroof
DA surface.  Stormwater Natural
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According to Charlie Miller, the
installation of greenroofs is “a
potential technique for relieving
nuisance flooding and reducing hydraulic loads @mizined storm sewer systems.” He
contends that, “In addition to providing immediatelief for overburdened stormwater
management facilities, the deployment of vegetatedl covers can help reduce the overall costs
of infrastructure rehabilitation in our older cgié

Courtesy of Roofscapes, Inauyvw.roofmeadow.com




Possible impervious coverage restrictions may be daced for developers who incorporate
greenroofs into their site plan. Depending on local ordinances, greenroofs may&talled in

lieu of conventional stormwater practices. They agnificantly reduce the size, or even
completely eliminate the necessity for unsightjyase-wasting, and expensive detention ponds
or underground galleries (Roofscapes, Inc., 1998hough hard to quantify, there is also
potential for downstream stormwater treatment sgszin

Water Benefit
Control of stormwater runoff is achieved by mimicking the processes that occur in nature,
intercepting and delaying rainfall runoff by:

o Capturing and holding precipitation in the plant foliage
o Absorbing water in the root zone

o Slowing the velocity of direct runoff as it infiltrates through the layers of
vegetated cover

For small rainfall events, little
runoff will occur and most of the
precipitation will eventually return
to the atmosphere by evaporation
and transpiration. For larger
storms, vegetated roof covers can
significantly delay and attenuate
the discharge of runoff from roofs.
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Vegetated roof covers are
effective methods of retarding
runoff from roof surfaces
during storms:

Compared to many other
stormwater management

practices, vegetated roof covers
are unobtrusive, low
maintenance, and reliable
management systems. Vegetated

roof covers are particularly effective when applied to extensive roofs, such as those
that typify commercial and institutional buildings. They can be designed to achieve
specified levels of stormwater runoff control, including reductions in:

o Total annual runoff volume (reductions of 50 to 60 percent are common

place for vegetated roof covers)
o Peak runoff rates for selected

o design storm events
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Stormwater runoff for a 3.35-inch, 24-hour rainfall event. This
Roofmeadow incorporated a 3-inch deep layer of growth
media.

© Roofscapes, Inc.

6.6 URLs

http://peck.ca/grhcc/
http://greenroofs.com/
http://roofscapes.com




7 Chester

7.1 Definition (ordinance language)
Redevelopment (in Article II)
Reconstruction of an existing improved, developeoperty, as of the data of
adoption of this Ordinance. This includes all pctgecreating over 2,000 s.f. of
additional impervious cover

7.2 Water Quality and Quantity Control Drainage Plan preparation
Procedure (Ordinance language)
1) Applicant determines if development meet definitadriRedevelopment” per Article
Il.
2) If yes, applicant adjust pre-development RCN orallig based on curves present in
Section 401 C and Appendix B.

7.3 Section 401 C (ordinance language)
The Chester Creek Stormwater Management Plan esquwirater quality and water
guantity controls as illustrated on the flow chsinown in Figure 4-1 and detailed in
Section 404. The flow chart illustrates a threspditierarchical process.
4) Infiltration
5) Extended detention
6) Implementation of additional design control
Must evaluate the outcome of each step before psougto next.
Riparian buffers are required where applicable (A3).

7.4 Appendix B (report)
Figure B-3 Redevelopment project runoff criteriajugtiment for pre-development
conditions

Concern was expressed that imposing the releasenigtria on redevelopment projects
might serve as a disincentive for developers. Ttheze an approach was proposed that
would reduce the level of control required on redevelopmgrojects This was
accomplished by developing a chart which allows ification of pre-development
conditions for which the stormwater management plauld be prepared. This chart
adjusts the pre-development RCN value or “C” vatueeflect conditions less restrictive
than “meadow on B class soils” based on the peagendf exiting impervious cover.

Comment: The figure development is ok. But the gdéBack to the natural condition”
will not be reached.

7.5 Section 403 C (ordinance language)
Redevelopment projects shall meet peak dischargaresnents based on the adjusted
runoff control number (RCN) or “C” value illustratdy Figure B-3 in Appendix B.



7.6 Section 405 B (ordinance language)
For the purpose of pre-development flow rate detetion, undeveloped land shall be
considered as “meadow” good condition, type “B"Iso{RCN=58, Rational “C"=0.12)
unless the natural ground cover generates a lowsemumber or Rational “C” value
(i.e., forest). If a proposed development meetdfaition of redevelopment as defined
in Article 11 of this Ordinance, the applicant magjust the pre-development RCN or “C”
value based on the curves presented in Figure B-3.



APPENDIX F

DARBY-COBBS CREEK WATERSHED WATER BUDGET

AND STORMWATER INFILTRATION REQUIREMENT ANALYSIS

1.0 Introduction

Under natural conditions, watersheds are in hydpoldalance; this means that the
natural hydrologic cycle of rainfall, streamflowydaevapotranspiration are in equilibrium.
The key to sustainable land development is to raairthis natural hydrologic regime as
much as possible. The first step in accomplishing is to develop an understanding of
the watershed’s water budget.

A water budget (or water balance) was used in 1944he meteorologist C. Warren

Thornthwaite to refer to the balance between tkenme of water from precipitation and
snow melt and the outflow of water by evapotrarsmn, groundwater recharge and
streamflow. The water balance has been used iari@ty of situations, to predict

human impact on the watershed hydrologic cycle, aasl been refined many times.
Although the predictions made using the water budggthod may be approximate, it is
sufficiently accurate to provide a basis for deteing a management approach to
sustaining the natural hydrologic conditions of@avshed.

In order to evaluate how this water budget can laaged, the watersheds or site
specific annual water budget must be evaluated.e Jdneral equation of the annual
water budget is:

P=R+WL Equation 1
where:

P = average annual precipitation (rain and snow)

R = average annual total runoff (overland surfageoff and groundwater discharge to
base flow)

WL = average annual water loss (evaporation, tiaaspn and groundwater losses).

The total runoff value is composed of both overlandace runoff which occurs during

rainfall events and infiltration which equates towndwater discharge to streams which
augments the base flow of streams in the watersheédr the water budget analysis,
these two sources of flow were separated. Equdtitimerefore can be rewritten as

P = Rg+ Re +WL Equation 2
where:

Rosr = overland surface runoff
Re = groundwater recharge/discharge
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The following sections provide a background for hilvese parameters were developed
to analyze the water budget of the Darby-Cobbs nsiaésl.

2.0 Prior Studies

Balmer and Davis (1996) had previously conductegr@ndwater resource study for
Delaware County, PA in which they studied threeatm gauges in the Darby-Cobbs
watershed. The gauges they analyzed were DarlgkG@teWaterloo Mills near Devon,

PA (01475300), Darby Creek near Darby, PA (0147%5a0d Cobbs Creek at Darby,
PA (01475550).

Table 1 shows the total runoff and base flow otéhthree stream gauges determined in
the study of Balmer and Davis. Based upon thisrmétion, they concluded that Cobbs
Creek had the lowest ratio of base flow, which isstnlikely caused by an increased
direct runoff from storm sewers, and thereforevadlogroundwater recharge rate, in this
highly urbanized watershed. Analysis of the watedget of this gauge would not be
reflective of natural conditions of the watershedhich is the ideal goal for the water
budget analysis. Therefore, the Cobbs Creek gaagenot further analyzed.

Table 1
Summary of Runoff and Base Flow for Dry (1981), Mat (1976) and Wet (1979)
Years. Modified from Table 6 of WRR 66 (Balmer, £99

USGS Gauge Name . . .
and Number Type of year Discharge, in Base flow, in
Darby Creek at Dry 14.33 9.10
Waterloo Mills Near Normal 22 98 1851
Devon, PA
01475300 Wet 37.61 21.77
Darby Creek Near Dry 13.27 7.02
Darby, PA. Normal 22.64 16.27
01475510 Wet 33.05 17.99
Cobbs Creek at Dry 15.15 5.70
Darby Normal 17.54 9.00
01475550 Wet 29.54 14.66

Detailed hydrologic data including precipitatioteamflow including base flow from
1973 to 1982, were reported in the Balmer and Dawsly at the Darby Creek at
Waterloo Mills near Devon and the Darby Creek nBarby gauges. This data,
provided in Table 2 along with the derived watesskes, shows a lower percentage of
base flow at the downstream station (Darby Creek Darby) which is in an urbanized
setting, when compared to the upstream stationbip&@reek at Waterloo Mills near
Devon), which is in a more rural setting. Balmed @&avis concluded that the possible
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reasons for the lower percentage of base flow ane mainfall in the upper reaches of the
basin, and more direct runoff due to urbanizatiothe lower reaches of the basins.

Table 2
Comparison of Precipitation, Total Runoff, and BAsw for Darby Creek at Waterloo
Mills Near Devon and Darby Creek Near Darby fron73% 1982. (Modified from
Table 7 of WRR 66, Balmer, 1996)

Darby Creek at Waterloo Mills Near Devon, Darby Creek Near Darby, Pennsylvania
Pennsylvania 01475510
01475300
Precipitatio A Total Base Water Precipitatio A Total Base Water
Year (inches) Runoff | flow _ loss’ (inches) Runoff | flow _ loss
(inches)| (inches) | (inches) (inches)| (inches)| (inches)
1973 52.14 33.76 23.17 18.3¢ 46.06 36.57 21.01 9.
1974 41.00 23.40 16.63 17.6( 37.78 25.01 16.71 712,
1975 56.86 28.75 19.53 28.11 52.13 30.27 19.p2 621,
1976 38.09 22.98 18.51 15.11 33.27 22.64 16.27 310,
1977 50.89 17.85 12.41 33.04 49.42 16.59 9.68 32
1978 49.23 36.72 22.96 12.51 35.58 31.37 18.44 4,
1979 64.34 37.61 21.77 26.73 52.79 33.05 17.99 419,
1980 34.89 23.12 17.46 11.77 38.80 20.83 14.77 717,
1981 42.37 14.33 9.10 28.04 37.83 13.27 7.02 24
1982 49.04 20.54 13.24 28.5( 40.43 20.26 11.77 720,
Mean 47.89 25.91 17.48 21.98 42.21 24.99 15.38 17.

! Precipitation measured at the Devault and Consti@hoStations.
2 Precipitation measured at Philadelphia Airport.
3 Differences between Precipitation and Total Runoff

Based upon their observations, the stream gaug@é53Dd (Darby Creek at Waterloo
Mills near Devon) which is located in the uppertmor of the Darby Creek Watershed,
has a rural setting which is a less impacted byeldgwment within the watershed and
therefore the hydrologic behavior is closer to ratwconditions. The stream gauge
records are continuous and record stream stageaele in feet) which can easily be
converted to stream flow (in cubic feet per secarig) by knowing the cross sectional
data and the elevation/flow relationship and thegga(the “rating curve”). This gauge
also has an extended period of record from 197utir the current year. Knowing the
drainage area to this gauge, approximately 5.1%regmiles, the flow per square mile
can be determined and then applied to other are#éiseowatershed. From this data,
statistical frequency analyses can be applied teraiene many useful hydrologic facts
including the 100-year flow, mean annual flow, lew, etc. Considering these factors,
and the fact that flow at this gauge reflects mdosely the natural hydrologic cycle of
the watershed, the Waterloo Mills gauge was selefctiethe water budget analysis.

3.0 Water Budget Determination

3.1 Average Annual Precipitation (P)
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The average annual precipitation of Delaware CquR#y was reported in the Balmer
study as 43.46 inches (Balmer, 1996). Detailedipitation records were collected at
the Devault and Conshohocken rainfall gauging ataftiom 1973 to 1982 and applied at
the stream gauge station 01475300 (Darby Creek ateNdo Mills near Devon).
Similar rainfall data for were measured at the &felphia Airport and applied at the
stream gauge station 01475510 (Darby Creek neabypas reported in WRR 66
(Balmer, 1996). Table 2, above, showed the pretiph range at these stations
between is 34.89 and 64.34 inches. The averageahpnecipitation at the Waterloo
Mills gauge was 47.89 inches (based upon the agepagcipitation measured at the
Devault and Conshohocken Stations, Balmer, 199B)was noted in the Balmer study
that the precipitation at the upstream station fp&reek at Waterloo Mills near Devon),
is greater than that at the downstream stationbfp&reek near Darby) in all years
studied (1973-82). The average precipitation diffiee noted is about 13%.

As a second source of average annual precipitakida, Water Resources Bulletin No.
13 Floods in Pennsylvania (Flippo, 1977) was aéferenced. The isohyets are based on
U.S. Weather Bureau precipitation data for 1931-6Dhe average annual precipitation
for the Darby-Cobbs watershed is in the range ab#4b6 inches as shown in Figure 1.

Figure 1
Annual Precipitation Map of Northeast PennsylvdRigpo, 1977)
Isohyets are Based on U.S. Weather Bureau PraaypitBata for 1931- 1960.

Isohyet, in

As noted above, precipitation in the Darby-CobbgeRrvaries based upon location
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within the watershed. Therefore, the average dnmuacipitation selected for

determining the water budget must be weighted alyef

There are several rain gages around the waterabkaling Conshohocken, Montgomery
Co. (36, 6927), Pheonixville, Chester Co. (36 17¥Madds Ford, Delaware Co. (36
1342), Marcus Hook, Delaware Co. (36 5390), Phifada Airport, Philadelphia Co. (36

Tablpré&sents the average annual
precipitation of these gages for 1972-2000. Theraye precipitation of Darby-Cobbs
watershed was also computed using Thiessen-weightedage. Thiessen-weighted
average is a better measure where the rain gages isiform distributed and where has
stronger precipitation gradients (Dunne, 1978).guké 2 depicts the percentage of
influence area within the watershed and averagaamprecipitation of each gage used in
Thiessen-weighted average. Table 4 shows the a#ilonl of the Thiessen-weighted

6889), and Devault, Chester Co. (36 2116).

average.
Table 3

Average Annual Rainfall (in) of Rain Gages Nearty Darby-Cobbs Watershed from

1972 to 2000.

Rain Gage Name and Station Number

Average Annwiitation, in

Conshohocken, Montgomery Co. (36, 6927) 48.79
Pheonixville, Chester Co. (36 1737) 43.87
Chadds Ford, Delaware Co. (36 1342) 47.56
Marcus Hook, Delaware Co. (36 5390) 40.66
Philadelphia Airport, Philadelphia Co. (36 6889) (5%
Devault, Chester Co. (36 2116) 43.72

Source: Middle Atlantic River Forecast Centertiblaal Weather Service

Figure 2

Percentage of Influence Area within the Watersloedbch Rain gage Along with
Average Annual Precipitation Used for Thiessen-Wtad Average Analysis.
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Table 4
Darby-Cobbs Watershed Area Average Precipitatideuaion Using
Thiessen-Weighted Average

Average Area of Polygon Rainfall
Rain Gage Name and Station Annual Within Watershed Weighted by
S as a Percentage of .
Number Precipitation Fraction Area
at Gage, in Total Watershed (Col. 1 x Col. 2)
ge, Area, % ' '
Conshohocken (36, 6927) 48.8 45.21 22.06
Marcus Hook (36 5390) 40.7 0.96 0.39
Philadelphia Airport (36 6889 42.1 50.37 21.18
Devault (36 2116) 43.7 3.46 151
Total 100 45.14 inches

This result is an average annual rainfall for therldy-Cobbs watershed of 45.14 inches.
Since this data is the most accurate for the watershed, and corresponds nicely with the
other studies, 45.41 inches was adopted as precipitation (P) of Darby-Cobbs water shed.

3.2 Average Annual Total Runoff (R) - Overland Suréace Flow (Rs ) and Base Flow
(Re)

The average total runoff at the Darby Creek strgaoge at Waterloo Mills near Devon,
as listed in Table 2, was reported as 25.91 in€Bedémer, 1996). This total runoff
value is composed of both surface overland rundfictv occurs during rainfall events
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and groundwater recharge/discharge which augméetdase flow of streams in the

watershed. For the water budget analysis, thesestwrces of flow were separated.

In Table 2, Balmer (1996) reported the base flovgtation 01475530 (Darby Creek at

Waterloo Mills near Devon) from year 1973-82 tol348 inches based upon the mean
of the period of records.

USGS provides surface water data including anniaéistics information. The average
annual stream flow (total runoff) at Darby Creek \Waterloo Mills near Devon
(01475530) from 1973-93 is 23.06 inches (8.76&)tfrom USGS Surface Water data for
Pennsylvania (USGS 2004). Table 5 presents tlal aeimbers and average.

Table 5
Annual Mean Stream Flow and Average Mean Stream fitw 1973-93 at Stream Gage
Waterloo Mills Near Devon PA (01475300)

Year Annual Mean Annual Mean Year Annual Mean Annual Mean
Stream flow, fi/s | Stream Flow, in Stream flow, fi/s | Stream Flow, in
1973 11.40 30.05 1984 8.89 23.43
1974 8.19 21.59 1985 5.00 13.18
1975 12.00 31.63 1986 6.89 18.16
1976 7.33 19.32 1987 7.17 18.90
1977 8.70 22.93 1988 6.99 18.42
1978 12.20 32.16 1989 9.35 24.64
1979 16.20 42.70 1990 8.51 22.43
1980 5.96 15.71 1991 8.06 21.24
1981 5.86 15.45 1992 7.24 19.08
1982 7.98 21.03 1993 9.52 25.09
1983 10.30 27.15 Average 8.75 23.06

Source: USGS Surface Water data for Pennsylvarids&2004).

Therefore, the total runoff (R) for Darby-Cobbs watershed was determined to be 23.06
inches.

To obtain the amount of the total runoff that isédlow (groundwater recharge), the
USGS publication Water Resources Investigations oRep(WRIR) 90-4161,
“Base-Flow-Frequency Characteristics of SelectathBgvania Streams” (White, 1990),
was reviewed. This report used computer-assistegireeal methods to separate the
ground-water and surface-runoff components forastiftow stations in Pennsylvania.
This analysis first determined the 2-, 5-, 10-, @bdyear base-flow-recurrence intervals
for each station utilizing 2 methods; the local-imom method and the fixed interval
method. Table 6 summarizes the base flows fountheatstreamflow at the Waterloo
Mills station near Devon, PA. (Station I.D. 014763@r 1973-85.

The data in Table 6 can be plotted as shown inrEi§uand then interpolated to obtain
mean annual base flow. The mean base flow isrit@raetic mean of all annual base
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flows and has a recurrence interval equal to 26883/ From Figure 3, the mean annual
base flow was determined from the average of tirerh@thods as 0.69 mgd/mi

Table 6
Base Flows for Selected Recurrence Intervals adbyp&obbs Watershed at Darby
Creek At Waterloo Mills near Devon, PA for year B985

Darby Creek At Waterloo Mills near Devon, PA
Recurrence Base Flow Estimate Base Flow Estimate
Interval (Local-Minimum Method) (Fixed-Interval Method)
Year mgd/mf In mgd/mf in
2 0.706 15 0.754 16
5 0.543 11 0.549 12
10 0.412 8.7 0.419 8.8
25 0.333 7.0 0.331 7.0

*mgd/mi*: million gallon per day per square mile.
Source: USGS WRIR 90-4167, Base-Flow-Frequency d&feristics of Selected
Pennsylvania Streams

Figure 3
Mean Base Flow at Darby Creek at Waterloo Millsrri@avon, PA Using WRIR
90-4167 “Base-Flow-Frequency Characteristics oé&eld Pennsylvania Streams”
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This value was converted to inches as follows:
(0.69 mgd/ nfi) x (1 f / 7.481 gal) x (365d/yr) x (1 fi 640 ac) x (1 ac / 43,56F)x (12 in /ft)

= 14.5 inchesl/year

It was determined that a value of 14.5 inches lier 2.33- year base flow everits a
result, the mean groundwater recharge (R¢) rate was determined to be 14.5 inches per
year.

3.3 Water Loss (WL)

The most common mechanisms of surface water loaeesdue to evaporation and

transpiration, typically referred to as evapotraran (ET). Evapotranspiration is the

combination of water that is evaporated and tramdpby plants as a part of their

metabolic processes. Evapotranspiration is difimumeasure and therefore, very little

data exists on it for this particular area. Howepetential evapotranspiration (PET), or

the maximum possible water loss, has been studiddcan be used as a reference for
estimation of ET losses.

Potential evapotranspiration was studies in the §SRulletin No. 13, Floods in
Pennsylvania (Flippo, 1977). The potential evagupiration at the Darby-Cobbs
watershed from Flippo report was found to be apipnakely 28.5 inches. Since the
potential evaporation is the “potential” amountwadter that would evapotranspirate, the
PET value is typically a larger number than ackiBl

The Water Loss (WL) in Darby-Cobbs watershed camdleulated by subtracting total
runoff (R) from the precipitation (P) which is edo@22.08 inches (45.14 in — 23.06 in).
Cross referencing 28.5 inches PET from (Flippo,7d9%e 22.08 inches ET is smaller
less than the PET and concluding that 22.08 inEfieis a reasonable estimation.

For the Darby-Cobbs water shed, therefore, the Water Loss (WL ) in the equations 1 and
21is22.08 inches.

3.4 Final Darby-Cobbs Water Budget

Based upon above analysis, the general water budigddarby-Cobbs watershed,
Equation 1, can be written as:

P
45.14 in

R + WL
23.06in + 22.08in

Overland surface runoff @g) will therefore be the recharge JrRand Water Loss (WL)
subtracted from the precipitation (P) or:
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ROSI’
8.56

P - R - WL
45.14in - 145in - 22.08in

Therefore Equation 2, than can be rewritten as:

P
45.14 in

Ross + Re + WL
8.56in + 145in + 22.08in

In summary,

P = average annual precipitation: 45.14 inches

R = average annual total runoff: 23.06 inches

WL = average annual water loss: 22.08 inches
Rosr = overland surface runoff: 8.56 inches

Re = groundwater recharge/discharge: 14.5 inches

4.0 Establishment of Infiltration Criteria to Recharge Baseflow

In order to evaluate the amount of rain storms thatld have to be retained on a
development site to maintain the natural hydrolagigime, an analysis of the rainfall
patterns was performed. To do this analysis a gage’s worth of precipitation data
which had a total precipitation amount close to élverage precipitation value for the
Darby-Cobbs watershed, or 45.14 inches, was selecte

The long term record (1948-2001) of Chadds Ford 1382) has an annual average
rainfall 45.05 inches. It is close to the averagaual precipitation of the Darby-Cobbs
watershed. Therefore, the rain gage, Chadds kaad,used to construct a cumulative
annual rainfall pattern, as shown in Figure 4.

In Figure 4, each rainfall event was sorted accgydo total daily precipitation, and then
the average yearly accumulated precipitation waaplggd as shown against daily
precipitation.

From the previous analysis, it was shown that apprately 14.5 inches of precipitation
would need to be infiltrated annually to maintaiasé flow in natural watershed
conditions. Plotting this total annual rainfall anmt on Figure 5, it can be shown that
all daily rainfall events with precipitation 0.6cimes would need to be infiltrated to meet
the 14.5 inches infiltration requirement.

Therefore, as development occurs in the watersimed impervious areas created by
development begin to prohibit rainfall from infating, 0.6 inches of rainfall would be
required to be infiltrated from the impervious arda replicate the natural hydrologic
regime after development. The goal of the DarbgekrPlan is therefore to capture the
rainfall from impervious areas into infiltration BMand allow this rainfall to infiltrate so
that it replicates the amount of water that woechiarge the groundwater before the land
mass was paved.
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In the analysis of the Chadds Ford rain gage, 24%0e 4487 storms which occurred are
less than or equal to 0.6 inches. This represspysoximately 55 % (2450/4487) of the
rainstorms at Chadds Ford for 1948-2001. A plgttof each rainfall event which
occurred in the analysis is shown in Figure 5.

Figure 4
Cumulative Annual Rainfall Patten for Darby-Cobbaté/shed

Darby-Cobbs Watershed Daily Rainfall VS Yearly Accumlated Rainfall (1948-2001)
Chadds Ford, Delaware Co. (36 1342)
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Figure 5
Rain Storms at Chadds Ford, Delaware, Co. (36 1f842)948-2001
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Darby-Cobbs Watershed (1948-2001)
Chadds Ford, Delaware Co. ((36 1324)
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From the previous discussion, we saw that collgcéind infiltrating all rainfall events
which resulted in 0.6 inches or less of rains wodiglicate natural recharge of the
baseflow. However, it is impossible to collecttjtisose storms less than 0.6 inches to
infiltrate as shown in Figure 5. The first 0.6 hles of every storm greater than 0.6
inches would also be collected and infiltrated sy in a net infiltration value greater
the previously determined 14.5 inches. The totmhiper of rainfall events greater than
0.6 inches is 2037 (4487-2450) for 54 years of m¢®@948-2001). Then the average
rainfall events greater than 0.6 inches is 38 (2087

The breakdown of rain storms would therefore bfobews:

Total annual rainfall of storms less than 0.6 irsche 14.5 inches

Tota}I annual rainfall of the first 0.6 inchesj obrshs greater than 22 8 inches

0.6 inches (38 storms * 0.6 inches = 22.8 inches)

Total annual rainfall amount of storms greater tBa@hinches 7.7 inches
Total annual rainfall 45.0 inches

Therefore a rainfall threshold value was determitied would theoretically produce the
14.5 inch recharge value. This was accomplishe@dmymulating the all the rainfall
from storms less than this threshold value plusfitiseé portion of threshold value of all
storms greater than the threshold value in an Esmedadsheet until the 14.5 inches was
obtained as shown graphically in Figure 6. Theghold value therefore turns out to be
0.24 inches.

Figure 6
Rainfall Threshold Value (0.24 inches) Determine@mn Excel Spreadsheet Until
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Recharge Volume 14.5 inches was obtained.

Darby-Cobbs Watershed (1948-2001)
Chadds Ford, Delaware Co. (36 1324)
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Therefore at first glance, this 0.6 inch value a@ppdo be conservative, however, all the
water that is infiltrated through an infiltratioM8 will not recharge the groundwater.

5.0 Average Annual Water Loss from Infiltration / Retention Facilities that Will or
May Not Enter the Groundwater.

There are several quantifiable and unquantifiatsés which will occur to the rainwater
from the surface to the groundwater table.

5.1 Quantifiable Losses

5.1.1 Surface Water Losses

Surface (or depression) storage accounts for & lpagt of the surface losses. Surface
storage is estimated based on the nature of thetatggn and ground surface (Chow,
1988). The surface storage ranges from 0.04 inohesteep, smooth hill slopes to 2
inches on agricultural lands of low gradient thavé been furrowed to catch the water
(Dunn, 1978). Much of the smaller storms will bentained in the puddles, ditches,
pockets, and cracks of pavement (Ponce, 1989, amth,01978) and will not runoff to
the infiltration structure. Although the exact amb will vary with type of material,
pavement slope, etc. there is very little runofinfirmacadam surfaces from the 0.1 inch
storm or less. There are 1217 storms of 0.1 inchess for the period of record
1948-2001 (54 years). Totally these storms giveaiafall amount of 66.33 inches.
Therefore, dividing the total amount of rainfall the number of years of record (66.33
inches / 54 years) gives an average annual susi@acage of 1.2 inches for macadam
surfaces. This amount would not reach the rechiagkty.

5.1.2 Groundwater Losses

\\pwdoows1\Watersheds\Darby-Cobbs\Act 167\2005-8Fihal Version\Final Plan Files\Volume IlI\Finakitby - Vol 11l - AppendixF - 13
Watershed Budget.doc



Once water is infiltrated into the subsurface, iddal losses occur which prevent the

infiltrated water from becoming a source which esjpthes stream baseflow. One such
loss is referred to as groundwater evapotranspirati Groundwater evapotranspiration

is the process that evapotranspiration occurs wihersaturated zone (water table) close
to the land surface (Sloto, 1994a). The moistsiexiracted from below the water table
and brought to the near-surface, where it eitheapesates or is used by plants in

transpiration. Losses to evapotranspiration aeatgst during the growing season, May
through October, and are particularly great in nudate summer. The potential for

groundwater evapotranspiration increases as therwatle approaches the land surface,
where the roots of plants can capture the watersaiidapillaries can draw ground water

nearer to the surface, allowing warm air to evajgotiae water.

Two studies were performed in the region surrougdire Darby-Cobbs watershed to
estimate the amount of losses which can be atétibtd groundwater evapotranspiration.
The first study focused on groundwater evapotraaspn in Chester and Northern

Bucks Counties, Pennsylvania (Sloto, 2004, 199284k, and 1990). In this study,

simulations of hydrological budgets using a grouatbiflow model estimated

groundwater evapotranspiration to be 2 in/yr. Acosel study of groundwater

evapotranspiration by in the Piedmont geograph@vipce determined a loss on the
average of 5.5 in/yr (Sloto, 1994a, Olmsted 196Xince the Darby-Cobbs watershed is
located directly in the Piedmont Physiographic Rro®, a conservative loss value of 5.5
in/yr associated with groundwater evapotranspinatvas adopted in this study.

5.2 Unquantifiable Losses
Some of the unquantifiable losses include:

o Underflow which is the transference of water froenbath one basin to another
(i.,e. outside of the Darby-Cobbs basin), and graatdr storage. Both
parameters are difficult to estimate without a deda hydrogeologic study
performed within the study basin.

o Evaporation of the water in retention facilities.

o0 Removable of snow from the flow path that wouldestiise get to the infiltration
facility.

o Surface runoff on frozen ground from areas thatld/otherwise have infiltration.

0 Horizontal conductivity in the vadose zone dueréetures (USGS, 2001a).

0 Subsurface barriers such as subsurface ice lagenampans (USGS 2001b).

Although an exact number could not be determineaksetl upon best judgment,
unquantifiable losses lumped together could ramgenfO to 6 inches. It is almost
impossible to determine an exact value withoutresitee data collection, well monitoring
and hydrogeologic evaluations, therefore an esémats required. To account
unquantifiable losses mentioned previously, thisdgt assumed these loss lumped
together contribute the average of the estimatkdegastated above or 3 in/yr.
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5.3 Final Losses from Retention / Infiltration Facliity

As noted in Equation 1, above, WL consists of evapon, transpiration, and
groundwater losses. The average water loss vatermdined for the Waterloo Mills
gauge station was approximately 22.08 inches. Waiter loss is composed of losses
which occur both on the surface, such as evaporaina transpiration, and losses which
occur in the groundwater table, such as groundwatapotranspiration, underflow and
groundwater storage. Both are explained below.

Hence, the total groundwater loss is estimatectdIb8 in/yr as listed in the Table 7.

Table 7
Average Annual Water Losses for Infiltration
Water Lost Amount (inches/yr)
Surface Depressions 1.2
Groundwater Evapotranspiration 5.5
Unquantifiable Losses 3
Total 9.7

Based upon the prior analysis, the total annual umhof infiltration necessary to
replenish groundwater sources necessary for baseflms 14.5 inches. To assure that
the 14.5 inches is made available to runoff as Hase the groundwater losses should be
added to the base flow discharge amount. Theretbeetotal annual volume which
should be infiltrated to replenish base flow isnthe

14.5 inches/yr + 9.7 inches/yr = 24.2 inches /yr.

Therefore a new rainfall threshold value was deiteechthat would theoretically produce
the 24.2 inch recharge value. This was accommisheaccumulating all the rainfall
from storms less than this new threshold value fiadirst portion of the new threshold
value of all storms greater than the new threskialde in an Excel spreadsheet until the
24.4 inches of recharge value was obtained as shgaphically in Figure 7. The
threshold value therefore turns out to be 0.513hesc Table 8 explains the
trail-and-error fitting approach to obtain the néweshold value. Due to the amount of
data (1948-2001), only a portion of the data isspmed in Table 8 to illustrated the
concept of the approach.

The total Recharge Volume is the average of the suocolumn “Rainfall Amount to be
Accumulated”. The individual value in that colums determined by comparing
precipitation and the threshold value. If the g#ation is less than the threshold value,
the rainfall amount to be accumulated is the amofiprrecipitation (data from ID 4487
to 1448 in Table 8) for storms less than threshatie, otherwise the accumulated
rainfall is threshold value (data from ID 1447 tp fér storms greater than threshold
value. The goal of this approach is to find th@rapriate threshold value in that the
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Total Recharge Volume is equal to the rechargeme|w24.2 in. This is determined by
adjusting the threshold value (0.513) in the sphadt and comparing it to the Total
Recharge Volume in Table 8 (24.2). For this exsercio satisfied the recharge value of
24.2 inches, a threshold value of 0.513 inchesokained.

Figure 7
Rainfall Threshold Value (0.51 inches) Determineamn Excel Spreadsheet Until
Recharge Volume 24.2 inches was obtained.

Darby-Cobbs Watershed (1948-2001)
Chadds Ford, Delaware Co. (36 1324)
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Table 8
Trail-and-Error Fitting Approach to Obtain the N@Wwreshold Valve (0.51 in) in that the
Recharge Value is Equal to 24.2 inches. Only PorvioData is Presented to lllustrated
the Concept.

Threshold Value (in 0.51
Total Recharge Volume (in 24.2
ID Precipitation Rainfall Amount to be Accumulated
4487 0.01 0.01
4486 0.01 0.01
4485 0.01 0.01
4484 0.01 0.01
4483 0.01 0.01
Etc., etc., etc.
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1469 0.5 0.5
1468 0.5 0.5
1467 0.5 0.5
1466 0.51 0.51
1465 0.51 0.51
1464 0.51 0.51
1463 0.51 0.51
1462 0.51 0.51
1461 0.51 0.51
1460 0.51 0.51
1459 0.51 0.51
1458 0.51 0.51
1457 0.51 0.51
1456 0.51 0.51
1455 0.51 0.51
1454 0.51 0.51
1453 0.51 0.51
1452 0.51 0.51
1451 0.51 0.51
1450 0.51 0.51
1449 0.51 0.51
1448 0.51 0.51
1447 0.52 0.513
1446 0.52 0.513
1445 0.52 0.513
1444 0.52 0.513
1443 0.52 0.513
1442 0.52 0.513
1441 0.52 0.513
1440 0.52 0.513
Etc., etc., etc.
5 5.23 0.513
4 5.45 0.513
3 5.45 0.513
2 5.66 0.513
1 6.05 0.513

6.0 Conclusions

Rounding up for conservatism, a justifiable reclkargte adopted for the Darby-Cobbs
watershed is 0.5 inches (rounded from the 0.51 wadhe) from all proposed impervious
area. Therefore based upon this analysis, it wésrrdaned that infiltrating 0.5 inches

from impervious area for each event would accorhptise goal of maintaining the

recharge value in the water budget of the watershed
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APPENDIX G

WATER QUALITY VOLUME ANALYSIS

Introduction

Several methods exist for the determination ofdppropriate water quality volume to
use in the design of Best Management Practicesadloiressing water quality issues
related to stormwater management. Methods promayeldennsylvania, Maryland and
New Jersey are investigated in this report. A fbdiescription of these methods and
summary comparison of these methods is providedwheWwith detailed calculations

provided in the appendices.

Methods Summary
Method 1(2- Year Post Development Runoff to 1- Year Predd@ment Rate)

This method incorporates the analysis of pre dgment conditions when determining

the water quality volume for design of BMPs anduiegg the designer to reduce the 2-
year post development runoff rate to the 1- yeardavelopment runoff rate. Additional

requirements include the retention of the 1- yeast glevelopment runoff volume for a

minimum of 24- hours to encourage settling of paliis within the water column.

The water quality volume (WQv) was determined bycuating the pre and post
development runoff hydrographs for the design ssorihen the complete 2- year runoff
hydrograph under post development conditions ataiget outflow rate (based upon the
1- year pre development hydrograph) were utilizingcalculate the volume required
based upon the SCS TR-55 (1986) method for detargnstorage volumes for detention
basins.

Method 2(Maryland WQv Equations — using Pennsylvania Rdimfepths)

This method utilizes an equation (Table 2.1) dewetb for the Maryland 2000
Stormwater Design Manual. The equation is based arlumetric runoff rate and
rainfall depth (based on capturing and treatingaiiépercentile storm). The volumetric
runoff rate is calculated from a regression analy&rformed on rainfall-runoff volume
data from a number of cities nationwide, and issodered an adequate short cut method
for runoff volume calculation for small storm evernypically analyzed for stormwater
quality calculations. Rainfall depths for the™@percentile storm event were derived
from the Pennsylvania Association of Conservatiastrigt (PACD) Handbook of Best
Management Practices in Pennsylvania (Table 5.2).

Method 3(1.25- inch, 2- hour Rainfall Event — NJDEP)
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This method was developed for the New Jersey BMmudh (Draft Version dated
January 2003) and calls for addressing 1.25- inoheainfall over a 2- hour storm event
for water quality BMP Design.

The water quality volume (WQV) was determined biguating the entire runoff volume
underneath the post development 1.25- inch, 2- howff hydrograph. To accomplish
this, the SCS TR-55 (1986) method for determiniagit storage volume was utilized
with an allowable outflow of 0.00 cfs.

Method 4(1 inch of rainfall — Darby-Cobbs Watershed, Pgivasia)

The required Water Quality Volume (WQV) is the atge capacity needed to capture and
to treat a portion of stormwater runoff from thevel@ped areas of the site produced from
1 inch of rainfall. The following calculation forrfauis to be used to determine the water
guality storage volume, (WQv), in acre-feet of agge for the Darby-Cobbs watershed:

WQv=[(P)(Rv)(A)]/12

Where:

WQv = Water Quality Volume (acre-feet)

P = One (1) inch of Rainfall

A = Area of the project contributing to the watetatity BMP (acres)

Rv = 0.05 + 0.009(1) where 1 is the percent of dhea that ismpervious
surface (impervious surface/A)*100)

Summary Comparison

A sample site was selected for analysis of theethmethods described above. The
following table summarized site parameters forgwd post development conditions.

Parameters Pre Development Post Development
Area (acres) 10.724 10.724
Land Cover Woods — Grass Combination  1/3 — 1/4 acre Residential Lot
(Fair Conditions) Subdivision
Hydrologic Soil Group C C
TR-55 Runoff CN 76 82
Time of Concentration (min) 10.7 5.0
% Impervious 0 24.14
PDT-IDF Rainfall Region 4 4

A summary of resulting Water Quality Volumes (WQoe)be used in design of Best Management Practices
is shown in the table below.

WQVv (Sq. feet) WQVv (acres)
Method 1 19,776 0.4540
Method 2 20,286 0.4657
Method 3 5,889 0.1352
Method 4 10,511 0.2413
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Appendix 1
(Method 1)
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Appendix 2
(Method 2)
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Appendix 3
(Method 3)
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Appendix 4
(Method 4)
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APPENDIX H

RAINFALL ANALYSIS SUMMARY

Revised 11/26/03
Introduction

A rainfall study was conducted for the Darby-Collbeek Watershed using
available NOAA climatological data. Both daily apdtreme event precipitation were
examined. Recommended runoff capture values fiDtarby-Cobbs Creek Watershed
were developed that are substantially smaller thahcontained within the Pennsylvania
BMP Manual (PACD 1998). The extreme event resafesnot as clear, leading to the
recommendation that designers continue to usedl®P curves (PennDot 1986).

Data Sources

All climatological data for the region was obtain#nrough the NOAA National
Climatic Data Center. This data is available etedtally, and was downloaded using
the internet. Recording gages that are availabkhis manner include the Philadelphia
Airport, Chadds Ford, Conshocken, Glassboro (N&rdus Hook, and Phoenixville. Of
these gages, only the airport gage is directlytexta the watershed. A limitation of the
data source is the restriction to daily versus @drhieporting. Thus a storm that begins
at 10:00 PM and lasts through the next morning@®rded as two storms not one. This
limitation mostly impacts the extreme value repugti

Daily Rainfall Analysis

Daily rainfall values were collected for all stats for the period of 1948 — 2001.
While all stations experienced some errors duegtopeent break down and losses, the
number of recorded rain events were high. For @tarthe Philadelphia Airport gage
recorded 6236 rain events ranging from .01 to éhéBes. This same gage had only 37
“errors’ in 19512 days. Except for the Glassboage which had a shorter record, the
other gages recorded between 4500 and 5500 ramseeach.

The data was manipulated in an Excel XP spreatisbheascertain the percent
rainfall and rainfall capture curve for each gagBercent rainfall is defined for the
purposes of this study as the percent of the yaatlyme that falls in storms equal or less
then that daily rainfall volume. Rainfall Captusedefined as the amount of the yearly
rainfall “captured” when facilities are designewt & set rainfall volume. For example
the Pennsylvania BMP manual Appendix F gives tHeevaf .83” as the volume needed
to make up 60% of the yearly precipitation (PACD98P To develop the rainfall
capture for the Darby-Cobbs Creek Watershed, tirstdaily rainfall for each gage was
sorted, and the total rainfall over the entire eof record was determined. Second, the
total record capture volume was found for dailytoeg values ranging from .5 to 3.0



inches (increments of .25"). To determine the ltoézord capture value for a daily
capture value of 1”, all daily rainfalls less thenequal to one inch were summed, and
then the first 1” of each storm exceeding one inehe added. Results of all gages are
shown below in Table 1 and Figure 1.

Daily Rainfall Capture - Inches

0.5| 0.75 1] 1.25 15| 1.75 2| 225 25| 275 3

Station
Phoenixville 61.1| 747 | 834 | 89.1| 927 | 950 | 96.6 | 97.6 | 98.3 | 98.8 | 99.1

Conshocken |63.6 | 769 | 851 | 90.2| 934 | 955 | 96.8| 97.7| 983 | 98.8| 99.1

Chadds Ford | 58.8 | 725 | 815| 87.6 | 91.7 | 944 | 96.2 | 974 | 98.2| 98.7 | 99.0
Marcus Hook | 63.1 | 76.7 | 850 | 90.0| 93.0| 951 | 964 | 972 | 97.7| 981 | 984
Phil Airport 649 | 780 | 859 | 908 | 939 | 959 | 97.2| 98.0| 985 | 98.8| 99.1

Glassboro 622 | 758 | 844 | 89.7| 93.0| 952 | 96.6 | 976 | 983 | 98.7 | 99.1
Average 62.3| 758 | 84.2| 895 | 93.0| 952 | 96.6 | 976 | 98.2| 98.7| 99.0
Average

(C, MH, PA) 639 | 77.2| 853 ] 903 | 934 | 955 | 96.8| 97.6 | 98.2| 98.6 | 98.9

Percent Daily Rainfall Capture - 1948 - 2001
Table 1 — Overall Runoff Capture Results
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Figure 1 - Rainfall Capture Results

While the similarity of all the gages was impressiit was decided to concentrate
on the nearest three gages to the watershed, GzkeshoMarcus Hook and the
Philadelphia Airport. Philadelphia Airport is &ietsouth eastern corner of the watershed,
with Marcus Hook just below it. Conchocken is abdhe North West corner of the
watershed. The average of these three (labelédermge - 3) is shown more clearly in
Figure 2. Note that a fourth order polynomial tit® data with an R squared of .9998
(This equation is only appropriate between the emlaf .5 — 3.0 inches), and that the
average of these three stations indicates a signilly higher capture rate then that
indicated by the Pennsylvania BMP Manual.
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Figure 2 - Select 3 Stations Rainfall Capture

Using this equation, the volume necessary to cagpecified percent of the rainfall for
the watershed was developed as shown below in Bable

% Capture

60 65

70 75 80

85

90 95

98

99

Volume (in)

<5 | 0.52

0.60 0.71 0.83

0.99

1.22 1.68

241

3.00

Table 2 — Capture Rainfall - Three Station Average

Comparison of the Capture, and Percent Rainfallesalare shown in Table 3.

Note the similarity of the percent rainfall to thaftthe Pa BMP manual. The Maryland
values are more confusing. From a presentatiom filee Maryland Department of the

Environment, they listed the rainfall from east@ities as 1.2” for the 90% Rainfall
event, and they state that to capture 1 inch isoxgpately 95% of the yearly rainfall.
These values are lower, but the method used by MDigt clear.

Percent Pa BMP Manual Darby_ Percent Darby_ Capture
Reglon -5 Rainfall Rainfall
0.60 0.831in 1.00 in <.50
0.75 1.24in 1.381in g1
0.90 2.04 in 2.10in 1.22

Table 3 - Percent vs Capture Rainfall




Estimation of the error contained within these namshs extremely difficult to
enumerate. First there is error introduced whenréiingages fail during rainfall events.
The worst of the 3 selected gages missed less3%emf the rainfall events over the
period, and the overall average was greater théa &ccessful. This error is deemed
insignificant due to the long period of record. eTimext source of error is that the data
period is based on a calendar day. Thus, a ramfaht occurring overnight may be split
into two day storms, overstating the capture volunidis error would only count for
storms close to the volume of the desired rate. ekample, if a .5” storm was split over
two days, no error would be introduced for any geptvolume of .5” and above. Also
the mass of the rainfall volume occurs in smalterras. For the Philadelphia Airport
gage, 62% of the rainfall over the entire perioduss in rainfalls measuring 1” or less,
90% in 2 inches or less, 96% in 3 inches or leshis leads to the conclusion that as
runoff capture volume increases, the volume assmtmith the error decreases, and the
overall error rate is not significant.

In conclusion we recommend the Rainfall Captureieslbe used for the Darby-
Cobbs Creek Watershed.

Extreme Value Rainfall

Annual Climatological Summaries were collected flour area stations. These
stations included the Chadds Ford (1945-2001),aBéiphia Airport (1948-2001),
Conshocken (1931-2001), and Marcus Hook (1931-20@gch summary provided the
rate and volume of the Maximum observed daily &lrévent for the year. In addition,
hourly rainfall was available for the Philadelphdarport gage. This allowed for
comparisons between maximum day and max 24 hoardegs.

A Log Pearson Type Il analysis (Viesman 1996) wasducted for each station.
This procedure is commonly recommended for extreatee precipitation studies. The
data was also plotted on probability paper usifguanbel plotting procedure method.
Values were determined for the 2 — 100 year storms.

The first step was to compare the difference betwidbe Philadelphia Airport
Maximum day and Maximum 24 hour recording peridks expected, the maximum 24
hour results were slightly higher, as shown in €aBl and Figure 3 below. The
difference also was higher for the larger stornsswauld be expected. A “delta” was
created in order to adjust the other stations @ngarison purposes. Note that the 50
year value was raised slightly to create a prograssNote that both curves are less then
Pa- IDF curves for region 5 (PennDot 1986).
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Figure 3. Philadelphia Airport — 24 Hour Versus Maxm Day.

Max 24 Hour Max Day
Phila
Exceedence | Return Phila Airport Airport Difference Delta
Probability Period Inches Inches Inches Inches
0.01 100 7.09 6.72 0.37 0.37
0.02 50 6.13 5.86 0.27 0.35
0.04 25 5.37 5.07 0.30 0.30
0.10 10 4.41 4.12 0.29 0.29
0.20 5 3.71 3.45 0.26 0.26
0.50 2 2.73 2.57 0.16 0.16

Table 3 - Philadelphia Airport - Max Day Vs. 24 hou

Next all area stations were examined. Chadds Ma@sl eliminated as it was

farther away from the Darby-Cobbs Creek Watershad,to be consistent with the daily
rainfall study. Figure and Table 5 present thesellts. Note the difference between the
Marcus Hook and Philadelphia Airport results, evleough these gages are relatively



Max Day Adjusted
Phila Marcus
Exceedence | Return | Airport | Conshocken | Hook Average | Delta | Average | PalDF
Probability Period | Inches | Inches Inches Inches Inches | Inches
0.01 100 6.72 6.93 9.76 7.80 0.37 8.17 8.40
0.02 50 5.86 6.01 7.82 6.57 0.35 6.92 7.20
0.04 25 5.07 5.17 6.23 5.49 0.30 5.79 6.24
0.10 10 4.12 4.15 4.54 4.27 0.29 4.56 5.04
0.20 5 3.45 3.44 351 3.47 0.26 3.72 4.20
0.50 2 2.57 2.49 2.37 2.47 0.16 2.63 3.36

Table 5 — Extreme Event Analysis

The next step in the analysis was to use the goa&a Bulletin 17B of the US
Water Resources Council (Viessman 1996) to exammeeayages for outliers of the data
record. This analysis indicated that Hurricaney8lavas an outlier for the Marcus Hook
and Conshocken gage , and should be dropped frenddta. Outlier is defined by
Viessman (1996) are storms “outside the trend efrést.” Table and Figure 6 present
these results.
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Figure 5 — Extreme Event Analysis
Max Day Adjusted
Phila Marcus
Exceedence | Return | Airport | Conshocken | Hook Average Delta | Average | PalDF
Probability Period | Inches | Inches Inches Inches Inches | Inches
0.01 100 6.72 6.20 8.45 7.12 0.37 7.49 8.40
0.02 50 5.86 5.45 6.91 6.07 0.35 6.42 7.20
0.04 25 5.07 4.75 5.62 5.15 0.30 5.45 6.24
0.10 10 4.12 3.90 4.21 4.08 0.29 4.37 5.04
0.20 5 3.45 3.28 3.34 3.36 0.26 3.61 4.20
0.50 2 2.57 2.45 2.34 2.45 0.16 2.61 3.36

Table 6 — Extreme Event Analysis Adjusted for Gardi
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Figure 6 Extreme Event Analysis Adjusted for Oulie

These results are not nearly as clear as the datystics. The Marcus Hook
gage has recorded higher extreme events then e stations. Hurricane Floyd (which
was considered an outlier) this gage recorded Hemaenore rain then the Philadelphia
Airport. This climate influence can not be disctad) but it also represents a minority
portion of the watershed. It is reasonable to tlsecurrent standard Pa-IDF curves.
Note that the 2 year Penndot IDF value is simitathe 5 year storm average for this
work.

Conclusion

Specific runoff capture curves are developed taussd for infiltration or water
guality design. These values are smaller thenetmesommended by the Pennsylvania
BMP Manual. Comparison is difficult as we could find how the runoff capture values
were determined. As the numbers presented hengs foa the Darby-Cobbs Creek
Watershed, they should be more accurate. Dueetddha problems identified using the
day vs 24 hour storm, a slightly higher value sbdag used for design to compensate for
this error.



The study also has found that the climatologicabreé is very different between the
immediately adjacent gages surrounding the DarblypS€dCreek Watershed. It seems
appropriate to continue using the Penndot IDF auteebe consistent with surrounding
communities. There is danger that the true 2 gtanm is overestimated, leading to
streambank erosion. This should be considered wheealoping final recommendations.

Aaron et al. 1986 Field Manual of Pennsylvania Dgpant of Transportation Storm —
Duration — Frequency Charts — PA-IDFenndot — FHWA.

Pennsylvania Association of Conservation Distrit®98. Pennsylvania Handbook of
Best Management Practices for Developing Arétsrisburg PA

Viessmanm W. Jr, Lewis, G. 1996 Introduction tadkblogy,Harper Collins
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Map Legend
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Note:

Portions of these maps were generated from
existing data sources as listed below. This existing
data was utilized for base mapping purposes

and is shown on the maps for spatial reference
only. This data did not enter into any computations
or affect the reliability of the hydrologic analysis.
Borton-Lawson Engineering has found some
inaccuracies in some of this data and has
corrected the data in locations where these
discrep ies were obvious, hi , it was not a
part of this ACT 167 Plan to correct all of the base
data.

Data Sources:
DRGs - USGS
Subareas - BLE
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