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RESOLUTION OF THE COUNCIL
OF THE COUNTY OF DELAWARE
WITH RESPECT TO THE
RIDLEY CREEK STORMWATER MANAGEMENT PLAN

WHEREAS, the County has prepared and updated the Act 167
Stormwater Management Plan for the Ridley Creek Watershed,
pursuant to the Pennsylvania Stormwater Management Act, Act
167, as amended; and

WHEREAS, the plan presents the standards and criteria that
have been determined to be essential for effective control
of stormwater flows from existing and new development in the
Delaware County portion of the watershed; and

WHEREAS, the plan also presents recommended methods £for
implementing these standards and criteria on a municipal
level; and

WHEREAS, a public hearing was held on December 3, 1987 for
the purpose of seeking public comments cn this plan pursuant
to the publishing of the notice of public hearing on
November 24, 1987 in the Delaware County Daily Times; and

WHEREAS, County adoption of the plan is desired and required
for effective implementation of this watershed plan.

NOW, THEREFQRE, BE IT RESOLVED by the Council of the County
of Delawara that the Act 167 Stormwater Management Plan for
the Ridley Creek Watershed, comprised: of Volume I Executive
Summary and Volume II Ridley Creek Stormwater Management
study and Addendum, including all text, tables, and figures,
is hereby adopted.

. Pr=d
RESOLVED, this /5 day of June, 1988.

ﬁzzﬂﬁhLz 6Z~ ;Zi;ﬂ#db7p/
Copfity Clerk
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INTRODUCTION

On October 4, 1978, the Pennsylvania General Assembly
enacted Act 167, the Pennsylvania Stormwater Management Act.
The policies and purposes of this Act are:

1) to encourage stormwater planning and management on
a watershed basis which is consistent with sound
water and land use practices;

2) to authorize a comprehensive program of stormwater
management to preserve and restore natural runoff
patterns and the flood carrying capacities of
streams and to protect and conserve groundwaters
and groundwater recharge areas; and

3) to encourage local administration and management of
stormwater.

This legislation requires all counties to prepare and
adopt a comprehensive stormwater management plan for every
designated watershed, pursuant to guidelines promulgated by
the Pennsylvania Department of Environmental Resources
(DER), in consultation with the municipalities located
within each watershed. Because these guidelines were in
draft form only in 1982 when the plan preparation was begun,
the stormwater management plan for the Ridley Creek
watershed was originally prepared as a "pilot" Act 167 Plan.
on May 14, 1985, the Stormwater Management Guidelines were
approved by the General Assembly, clearing the way for the
adoption of the Ridley Creek watershed plan as an official
Act 167 watershed stormwater management plan.

Since the upper part of the watershed lies in Chester
County, DER encouraged both counties to participate in the
preparation of a joint watershed plan. However, with
Chester County's decision not to participate in this study
in an official capacity, it was not feasible to perform
detailed planning for the Chester County portion of the
watershed. Consegquently, the resources and efforts for this
study have been focused toward development of a stormwater
management plan which addresses the problems and concerns of
Delaware County.

The original plan's preparation was administered by the
Delaware County Planning Department (DCPD), in conjunction
with DER. The consultant team of Walter B. Satterthwaite
Associates, Inc. of West Chester, Pennsylvania, and Green
International, Inc. of Sewickley, Pennsylvania, was hired to
assist the County in developing a detailed scope of study
for the project, to perform the technical and institutional
analyses, and to develop an implementation plan.

Following the approval of the Stormwater Management
Guidelines, a project to update the plan in preparation for



its adoption by Delaware County Council was initiated in
1986. The update involved review and updating of the tech-
nical and institutional analyses as well as presentation of
the plan to officials in the affected municipalities, The
endorsement of the twelve municipalities within the water-
shed is considered to be a key factor in the adoption of the
plan.

In conjunction with this planning effort, the County
established a watershed advisory committee open to municipal
officials, the County Conservation District, and other
interested parties. The role of this committee was to
advise the County throughout the planning process, to eval-
uate policy and project alternatives, to coordinate this
watershed stormwater plan with other municipal plans and
programs, and to review this plan prior to adoption by the
County. Advisory committee/public meetings were held during
the course of the study to describe the progress that had
been made and to solicit public input and support for the
plan.

Within six months following County adoption and DER
approval, the Act requires that municipalities in the
watershed adopt or ‘amend and implement such ordinances and
regulations as are necessary to regulate stormwater manage-
ment facilities in a manner consistent with the plan.

Presentation Format

The Act 167 stormwater management plan for the Delaware
County portion of the Ridley Creek watershed consists of two
reports: :

o Volume I - Executive Summary

This document essentially contains the summary and
conclusions of the original watershed planning
effort as well as the update for the watershed. As
such, it presents the stormwater management stan-
dards and criteria that have been determined to be
essential for effective control of storm flows 1in
the Delaware County portion of the watershed. A
brief discussion of the recommended methods for
implementing these standards and criteria on a
municipal level is also presented.

o] Volume II =~ Ridley Creek Stormwater Management
Study and Addendum

The specific details of the technical program
(e.g., modeling data and results) are contained in
this document. The intent of this volume is to
describe the technical and institutional evaluation
from which the standards and criteria for storm-
water management in the Delaware County portion of



the Ridley Creek watershed were developed. In
addition, Volume II also presents the steps that
need to be taken to actually use the technical
results that are presented in the standards and
criteria.

This approach was taken in order to assure that the
recommended standards and criteria for stormwater
management could be easily reviewed independently
from the bulk of the technical report. The overall
plan, however, consists of both documents, and the
reader is encouraged to review Volume II in order
to better understand and evaluate the standards and
oriteria. The major chapters of the study (Volume

II) are:

o Introduction and Summary of Study Approach

o) Rationale and Legal PFramework for Stormwater
Management

o Existing and Projected Future Watershed
Characteristics

o) Technical Approach for Watershed Stormwater
Management

o] Stormwater Management Techniques

lo! Existing Institutional/Regulatory Systems

o] Municipal Regulatory Approaches to Stormwater

Management

As an outgrowth of the plan update effort, an
addendum to Volume II was prepared which contains
the results of the revised land use modeling,

municipal ordinance revisions, and other minor
revisions to Volume IL's text consistent with these
changes.

Terminology

Throughout the text of the plan, several key technical
terms and phrases are used repeatedly which deserve defini-
tion so that the non-technical reader can gain a better
understanding of the standards and criteria, other recommen-—
dations presented, and the technical basis for those conclu-
sions.

The primary objectives of the technical investigation
were to establish the existing stormwater runoff charac-—
teristics of the Ridley Creek watershed and to assess the
impact of anticipated future development on these existing
characteristics. Stormwater runoff is the excess water
resulting from a precipitation event which exceeds the
amount that can percolate (infiltrate) or be absorbed into

the ground. That water flows over the surface of the
ground, collects in channels and conduits, and is carried by
receiving streams. The rate of runoff, or flow rate,

reaching a point in a stream channel or leaving a develop-
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ment site is an expression of the volume of water passing
that point in a defined time interval, Unless otherwise
noted, flow or rate of runoff will be given in terms of
cubic feet per second (cfs).

The rate of runoff passing a point during and after a
storm event varies with time. Typically, the flow rate
starts from zero on an upland site or from a relatively
small flow 1in a stream, which is called normal flow or
baseflow. The rate of runoff, or flow, increases either
gradually or rapidly with passing time, reaches a maximum or
peak rate, and then gradually decreases to the original or
baseflow rate., A record of the flow rate leaving a site or
passing a point in a stream channel with respect to time is
called a hydrograph. A hydrograph can be displayed as a
graph of flow rate vs. elapsed time or simply as a listing
of flow rates at respective times of occurrence,

For the purposes of designing hydraulic structures,
including stormwater management facilities, design storm
events are used. Design storms are statistically determined
rainfall events having a specific distribution of rainfall
amounts (inches of precipitation) over specific time inter-
vals with an associated frequency or 1likelihood of
occurrence developed from recorded events. The frequency is
typically expressed as a return period such as the 25-year
storm. A 25-year storm is expected to occur once in every
25 years, on the average, or has a four percent probability
of occurring in any given year. Design storms provide a
uniform basis for calculation and comparison of resulting
flow rates from any portion of a watershed or from any de-
velopment site. A design hydrograph with an associated
design peak runoff rate resulting at a point of interest can
be calculated for use in the design of stormwater management
facilities, including storm sewers, detention basins, open
channels, etc. ‘

Design storms allow for a direct comparison of the
hydrographs and peak runoff leaving a site under existing
and planned future conditions. A primary purpose of storm-
water management facilities is to control the flow rate at
which runcff is allowed to leave a development site, or
discharge rate, in order to take reasonable steps to protect
downstream areas. The level to which the discharge rate
must be controlled after development, in order to
demonstrate that reasonable steps have been taken to protect
against downstream damage, can be calculated using a release
rate percentage. Release rate percentages are values which
are determined as a result of the overall watershed storm
runoff analysis that is performed to develop a watershed
plan to be effective in assisting land developers to take
the necessary reasonable steps to protect downstream areas
from damages caused by storm runoff. The release rate per-
centage prescribes the allowable post-development peak
discharge as a fraction of the pre-development peak runoff

-4 -



rate. Control of the post-development discharge rate typi-
cally involves the use of detention storage facilities to
accommodate the increased volume and rates of runoff that

usually accompany land development. It is generally the
increased rate of runoff leaving a site which increases the
potential damage downstream. Control of the rate of

discharge can be accomplished with facilities on each devel-
opment site or at downstream locations (e.g., in distrib-
uted storage detention facilities which control the
stormwater runoff from more than one development site).

The land development process normally generates an
increase in impervious cover and an improvement in surface
drainage. Therefore, during any vrainfall event, the
resulting increase in the volume of runoff must be
recognized as a decrease in the volume that percclates, or
infiltrates, through the soil to join shallow or deep

groundwaters. Shallow groundwater in the Ridley Creek
watershed moves slowly towards the main stem and tributary
channels to become normal flow or baseflow.  Decreased

infiltration of stormwater reduces the volume of shallow
groundwater that is avallable to become baseflow in streams.
Infiltration or groundwater recharge projects can be
designed to capture stormwater runcff and induce its perco-
lation into the shallow groundwater system to augment the
baseflow of Ridley Creek and its tributaries. '

LEGAL FRAMEWORK FOR STORMWATER MANAGEMENT

In 1978, Pennsylvania embarked on a new era of storm-
water management and flood control with the passage of the
Stormwater Management Act (Act 167), its companion bill, the
Floodplain Management Act (Act 166), and the subsequent Dam
Safety and Encroachments Act (Act 325). Unlike existing
common law, which generally provides remedies after damages
occur unless the action is addressable in equity, the thrust
of the new acts 1s to prevent future problems.l Together
they provide a comprehensive approach to watershed planning,
stormwater management, and f£lood prevention.

In addition to these three primary acts, there are three
other related statutory or administrative bodies of law: the
erosion and sedimentation regulations adopted pursuant to
the Clean Streams Law, the Municipalities Planning Code (Act
247, as amended), and the municipal (i.e., city, borough,
township, home rule) codes. These laws provide important
powers and mandates required by local governments to imple-

I~ Aithough common law can also provide preventive measures
through eguity, each matter would be treated on a case-
by-case basis, thus not assuring the application of uni-
form standards as provided by the Act. Consequently,
the Act is more effective in 1its preventive approach
with the establishment of uniform standards.



ment a comprehensive stormwater management program. In com-
bination with the principal stormwater statutes, they define
the legal framework for stormwater management in
Pennsylvania,

The Stormwater Management Act provides the primary
powers for stormwater planning and management, Its basic
premise is that those whose activities generate additional
runoff (or increase the velocity or change direction of
storm runoff) should be responsible for managing the runoff
S0 that reasonable measures are taken to protect other per-
Sons or property. Simply shifting the storm runoff burden
to downstream property owners and the public is no longer
acceptable. The Act emphasizes the prevention of new
problems or the aggravation of existing ones; it does not
mandate the elimination of existing stormwater related
problems. However, the basic standards established by the
Act help to ensure that existing problems are not aggra-
vated. Also, current stormwater problems, along with pro-
posed solutions, must be considered during the development
of the comprehensive watershed plan.

Section 5 of the Act directs counties to prepare storm-
water management plans for watersheds (designated by DER
with assistance from the counties) and describes the
required contents of these watershed plans. Section 5(c)
mandates a watershed-wide approach to stormwater management
to ensure that activities- in one municipality do not ad-
versely affect other municipalities in the watershed and in
other drainage basins to which the particular watershed is
tributary. It also requires that stormwater plans be con-
3istent with other local, county, regional, and state
environmental and land use plans. ,

This Act 167 stormwater management plan for the Ridley
Creek watershed has been evaluated for consistency with a
wide variety of existing land use plans and environmental
programs and has been found to be compatible with and to
complement the following:

o the National Flood Insurance Program

o the COWAMP/208 Water Quality Management Plan

o the Coastal Zone Management Program (CZM)

o Pennsylvania's Environmental Master Plan

o) the State Water Plan

e} Delaware County environmental plans

o the Delaware County Land Use Plan 2000: Update and
Revision

o} municipal comprehensive plans and ordinances

A detailed description of the compatibility of this plan
with those listed above is presented in Chapter VI of Volume
IT.

An equally important section of Act 167 is Section 13.
This section, which became effective upon the passage of the
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Act on October 4, 1978, defines the basic standards for
stormwater management in Pennsylvania. These standards
essentially expand and broaden (redefine) prior common law
drainage rules.2 Section 13 states:

Any landowner and any person engaged in the altera-
tion or development of land which may affect storm-
water runoff characteristics shall implement such
measures consistent with the provisions of the
applicable watershed stormwater plan as are reason-
ably necessary to prevent injury to health, safety,
or other property. Such measures shall include
such actions as are required:

1) to assure that the maximum rate of stormwater
runoff is no greater after development than
prior to development activities, or

2} to manage the gquantity, velocity, and direc-
tion of resulting stormwater runoff in a
manner which otherwise adequately protects
health and property from possible injury.

Section 13's principal measure of sound stormwater man-
agement 1s to take reasonable steps to protect health and
property from possible injury; subsections (1) and (2)
prescribe the alternatives for meeting this basic objective.
Further, when Section 13 is read in conijunction with other
portions of the Act, it is clear that the intent of the Act
is to apply the "reasonable step standard" to persons and
property downstream of the development site. In other
words, Section 13 is not spatially limited; it applies not
only as the runoff leaves the site but also as far down-
stream as its impact can reasonably be determined. For this
reason, it is important that county stormwater plans
consider the watershed-wide impacts of runoff.

It is important to note that Section 13(l) uses the ter-
minology maximum rate of runoff and not volume. This
implies that total volume of runoff may increase after de-
velopment, but any increased volume must be detained and
discharged over time so that the pre-development maximum
rate of flow will not be exceeded. A standard that did not
permit any increase in volume could limit the use of many
gites in that it could require that additional runoff be
permanently stored or recharged on-site.

Section 13(2) is also worth special mention. Its pur-
pose is to make the statutory standard more flexible. it
permits changes in runoff characteristics and rates, pro-

7 Common law rules will still apply to all development
occurring prior to October 4, 1978.



vided that reasonable measures are taken to protect
downstream areas from storm runoff damages. The watershed
plans will be critical in deciding when Section 13(2) may be
exercised. They should identify areas where increased
runoff rates will not adversely affect downstream areas or
may even be beneficial for the overall runoff conditions in
a watershed. 1In fact, until a watershed plan is adopted, it
may not be practical for land developers to utilize this
provision. A detailed hydrological and engineering analysis
of the watershed may be necessary to determine the results
of increasing the maximum rate of runoff, so for small de-
velopments this work may be too costly.

TECHNICAL APPROACH

The technical approach selected for this comprehensive
watershed stormwater plan was structured to respond to Act
167 and DER draft guidelines for stormwater management
planning. As stated previously, Sections 5 and 13 of the
Act establish the basic standard that the maximum rate of
runoff is no greater after development than prior to devel -
opment activities or that reasonable steps are taken to pro-
tect downstream areas. Specific standards and criteria for
achieving this stormwater management objective in the
Delaware County portion of the Ridley Creek watershed were
developed in a logical manner as a part of this watershed
plan.

The technical program that led to the identification of
the standards and criteria for the watershed involved the
collection of data describing existing and future land uses,
soils, slopes, stream channel characteristics, floodplains,
water obstructions, and stormwater or flood related problems
in the Delaware County portion of the watershed. From that
data base, a "model" of watershed stormwater runoff flows
reflecting these physical characteristics and conditions was
developed using the Penn State Runoff Model (PSRM),3

Design storm events of 2=, 10-, 25-, and 100-year return
periods were evaluated using the model to establish the base
or existing stormwater runoff conditions for the watershed.
The impacts of projected future development on the storm-
water runoff characteristics of the watershed were then
determined for the same rainfall events, using the
calibrated model. Various management schemes for
controlling the anticipated increases in stormwater runoff
resulting from projected development were evaluated so that

3 Lakatos, David F. (Walter B. Satterthwaite Associates,
Inc.) and Aron, Gert (The Pennsylvania State Univer-
sity), "Penn State Runoff Model-User's Manual," June,
1981 Version, Institute for Research on Land and Water
Resources, The Pennsylvania State University, Univer-
sity Park, Pennsylvania, June, 1981.



appropriate {(technically feasible and implementable) storm-
water management technigques for the Ridley Creek watershed
could be defined.

The analysis of existing and future stormwater runoff
conditions was initiated by dividing the watershed into 63
subwatersheds or "subareas," as shown on Plate 1 in the
pocket of the back cover. The stormwater runcff flow
contributions from each of these subareas were evaluated for
their potential to generate peak runoff rates at various
downstream points of interest. The key results of the tech-
nical work program are listed below. These results and
conclusions are based on the unique configuration of the
surface streams within this particular watershed as well as
the specific land use characteristics that were considered.
The reader is encouraged to examine Volume II for the
background material on which these important conclusions
were based.

o] Effective stormwater management within the Delaware
County portion of the Ridley Creek watershed requires
the definition of criteria for controlling the peak
stormwater runoff rates that would result from the 2-
through 25-year design rainfall events.

o The ability to provide for safe routing of the storm-
water runoff flows generated by the 100-year rainfall
event through all proposed on-site stormwater management
facilities 1is required. However, contrary to the
existing practice in many communities in the County, the
analyses performed indicate that specific control of the
100-year event is not needed in the Delaware County por-
tion of the Ridley Creek watershed to maintain existing
storm runoff flow rates on the main stem.

o] Specific peak runoff release rate percentages are
designated for the subareas within the Delaware County
portion of the Ridley Creek watershed.

o) Special site conditions are presented and described
under which parties involved in new land development may
apply alternative management criteria (i.e., "direct
discharge® and the "downstream impact evaluation") to
effectively reduce the impact of their site improve-
ments. This aspect of the plan provides the desired
flexibility of approach that can be used by a munici-
pality in order to effectively implement this plan.

o Proper maintenance of stormwater management facilities,
which is essential for the protection of downstream
property from stormwater runoff impacts, was identified
as a critical element of an effective stormwater manage-
ment plan for the watershed.



o] The important benefits that could be gained from the use
of on-site infiltration of rainfall on new development
sites in the upper region of the Delaware County portion
of the watershed were identified. This resulted from an
evaluation of baseflow conditions in the watershed, spe-
cifically as it affects the water supply for the basin's
municipalities.

o The potential for the effective use of large-scale,
regional distributed storage detention facilities for
runoff control from large-scale events (e.g. 1l00-year
storms) for more than one subarea is limited in the
Delaware County portion of the watershed, given its con-
figuration and location relative to the  entire
watershed. Some potential, however, does exist, and
the basis for the identification of these areas is pre-
sented, Smaller distributed storage facilities, e.g.,
for use in providing "shared storage" for more than one
development site within a single subarea, can be used in
conformance with the watershed plan.

0 In order to provide for an increase in usable watershed
water resources, the feasibility of developing a
regional baseflow augmentation system using groundwater
recharge of stormwater is presented. This unigue aspect
‘of this plan was, again, evaluated as a result of the
identified water supply needs for the Media Water
Authority. 1In that stormwater runoff can be, in effect,
a benefit to a watershed (as opposed to being viewed
only as a detrimental factor), the framework for the
wise use of this resource is presented,

In the update of the technical analysis, the original
1982 Ridley Creek watershed digitized data base was con-
verted to a new digitization program format for use on an
IBM AT personal computer. Land use changes which have
occurred in the watershed since 1982 were reflected in the
updated digitized data base using land use information
provided by the Delaware County Planning Department. The
PSRM input sequences were then updated to reflect the asso-
ciated changes in impervious cover percentages and other
runoff characteristics so that both existing and future con-
dition models could be rerun for the design storm events.

The results of the updated modeling runs revealed no
significant new impacts to cause a change in the conclusions
reached in the original study or the recommended standards
and criteria for stormwater management. The individual
subarea release rates were reviewed using the updated
modeling output. New release rates have been calculated and
are presented on Plate 1. The new modeling results can be
found in the Addendum to Volume II.
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STANDARDS AND CRITERIA FOR STORMWATER MANAGEMENT

A required product of an Act 167 watershed stormwater
management plan is a set of standards and criteria for the
control of stormwater runoff from existing and new develop-—
ment. These are necessary to minimize dangers to property
and life and to carry out the purposes of the Act.4 The
standards and criteria represent the minimum requirements
for adequate control of stormwater runoff in the Ridley
Creek watershed and thereby are the primary implementation

element of the plan. Consequently, they need to be
reflected in the municipal ordinances in order to comply
with the watershed plan and thus the Act. The municipal

regulatory approaches for incorporating these standards and
criteria into a municipality's existing ordinance framework
are discussed in more detail in Chapter VII of Volume II of
the plan.

DER has designated Ridley Creek as a high quality stream
from a water quality standpoint. As such, discharges to the
stream from "point" sources such as wastewater treatment
plants are subject to the highest level of effluent quality
restrictions, In the future, the Department may require
permits for all stormwater runoff discharges and, therefore,
may apply some yet undefined effluent limitations to those
discharges. '

In complying with the standards and criteria of this
watershed plan, it should be clear that developers are in no
way relieved of their obligation to comply with the require-
ments of the Clean Streams Law and associated regulations
including Chapter 102.°

The safety of the public shall be considered at all
times in the design of stormwater collection and control
facilities and provided for to the gatisfaction of the muni-
cipal engineer. Except as otherwise provided for by munici-
pal ordinances, the standards and specifications of the
Pennsylvania Department of Transportation shall be used in
the construction of stormwater collection system components.

The standards and criteria for stormwater management are
based on the technical approach used for the watershed study
and can be considered to be either:

4 Section 5(b)(1ll), P.L. 864, No. 167, Stormwater
' Management Act.

5 mitle 25, Chapter 102, Erosion and Sedimentation Con-

trol, Rules and Regulations of the Pennsylvania
Department of Environmental Resources.
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o] technical factors affecting stormwater runoff,
o performance standards for stormwater management, or
o) maintenance of stormwater management facilities,

Technical Factors Affecting Stormwater Runoff

Definition of Existing Conditions

Existing or pre-development conditions shall be defined
as those conditions which are bresent on any site prior to
the date of adoption of this plan by the County. These
existing conditions shall be used in defining those develop~
ment activities which are subject to the standards and cri-
teria as well as for stormwater runoff calculation purposes.

Development

When applying the standards and criteria developed in
this watershed-level stormwater management plan, the term
"development" shall be defined as any improvement of one lot
or two or more contiguous lots, tracts, or parcels of land
for any purpose (including the expansion of, or addition to,
existing improvements) resulting in the creation of an addi-
tional 7,500 or more Square feet of impervious land area.
Therefore, any improvement that does not create 7,500 square
feet of additional impervious land area shall be exempt from
‘the standards and criteria of the watershed plan. However,
persons making such improvements must still adhere to the
provisions of Sections 5 and 13 of Act 167. The manner in
which stormwater runoff is allowed to be discharged from
land improvements with less than 7,500 square feet of addi-
tional impervious land area shall be reviewed by the munici-
pal engineer, who shall have the responsibility for defining
performance standards to be implemented on these sites in
conformance with the intent of this plan and the provisions
of Act 167.

Design Storms

For the purpose of analysis of stormwater runcff in pre-
and post-development conditicns, as well as for the design
of runoff control facilities in the watershed (with the
exception of storm sewer collection systems), the Soil
Conservation Service's (SC8) 24-hour, Type II Rainfall
Distribution shall be used. Use of this method for raianfall
distribution is inherent when SCS methods are employed. The
Type II distribution shall also be applied when other appro-
priate methods are used for developing design hydrographs.

The design storm frequencies that have been determined
to be appropriate for stormwater management purposes in the
Delaware County portion of the Ridley Creek watershed are
presented in Table I-l below. The 24-hour total runof £
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depths for these return periods, as determined from the

"pennsylvania Rainfall Manual,"® are also listed in this
table.

TABLE I-1

24-Hour Rainfall Depths for Selected
Return Periods in the Ridley Creek Watershed

Return Period Depth in Inches
2~year 2.92
10-year 4.68
25-year 5.54
100~-year 6.85

Calculation of Peak Stormwater rRunoff Rates

The peak stormwater runoff rate from a development site
is defined as the maximum flow rate of stormwater generated
from the site area and leaving the boundaries of the site
through any stormwater runoff outfall. Peak stormwater
runoff rates, generated for both existing (pre—~development)
and future (post-development) conditions using the 2-, 10-,
25-, or 1l00-year design rainfall events presented in Table
I-1, shall be defined for each outfall from a land develop-
ment site. Outfalls may include distinct points, e.g.,
stream channels or storm sewers, and dispersed runoff areas.
Various engineering methods are available for determining
these peak stormwater runoff rates. One method that is com-
monly used 1s the 8CS procedure _that is described in
Technical Release No. 55 (TR-55),7 an SCS publication
available through the County Conservation District. Volume
1I, Chapter V, discusses the computation of peak stormwater
runoff rates.

Performance Standards for Stormwater Management

Peak Stormwater Runoff Rates from Development Sites

In order to achieve the basic stormwater management
standard established by Act 167 (i.e., that the maximum rate
of runoff is no greater after development than prior to
development activities or that reasonable measures are taken
to protect downstream areas), stormwater management systems

6 Kerr, R.L., Rachford, T.M., Reich, B.M., Lee, B.H., and
Plummer, K.H., "pime-Distribution of Storm Rainfall in
Pennsylvania," Institute for Research on Land and Water
Resources, The Pennsylvania State University, University
Park, Pennsylvania, June, 1974.

7  goil Conservation Service, "Urban Hydrology for Small

Watersheds," Technical Release No. 55, U.S. Department
of Agriculture, Washington, D.C., June, 1986.
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designed for new development sites shall control, at a mini-
mum, the peak stormwater discharge rate for the 2=, 10-, and
25-year rainfall events. This shall be done in a manner
required to attain one of the criteria presented below,
selected at the discretion of the developer's design
engineer, depending upon the location of the development
site in the Delaware County portion of the Ridley Creek
watershed. Provisions shall also be made for safely passing
the post-development 100-year runoff flows without damaging
(i.e., impairing the continued function of) those systems.

The discharge of concentrated, collected stormwater
runoff from control facilities such as detention basins or
storm sewers onto adjacent properties where there is no
existing natural watercourse or drainageway to receive the
discharge shall be avoided unless deemed absolutely
necessary. Where such a discharge is absolutely necessary,
easements and/or other provisions shall be proposed,
approved, and implemented to prevent damage to the adjacent
properties to the satisfaction of the municipal engineer.
Where discharges are proposed to natural watercourses and
drainageways, such discharges shall be made in a manner so
as not to result in property damage or deterioration of
channel stability.

Release Rate Percentage

The release rate percentage is the primary performance
standard for this plan. All subareas have been given a
release rate percentage which defines the percentage of the
pre-development peak stormwater runoff rate that shall be
considered as the base runoff rate for a particular site,
That is, in order to comply with this watershed-level plan,

" the peak stormwater runoff rate discharging from the out-

falls of a development site cannot exXceed this base rate.
The specific release rate percentage for each subarea (see
Plate 1 for subarea identification) can be found in Table
I-2 which is located on Plate 1.

The release rate percentage applies uniformly to all
land developments or alterations within a subarea which
result in an increase in the post-development rate of runoff
from the site. Thus, the percentage represents an average
value for the subarea. An individual developer can select
and design drainage control measures that are most
appropriate for a particular site and type of development,
provided that the applicable release rate percentage for the
subarea is met.

A detailed description of the specific technical steps
to be followed when using the release rate percentage infor-
mation (and the actual percentage values that are shown on
Plate 1) is presented in Chapter V of Volume II. Basically,
however, the steps that a land developer must follow to
utilize the release rate percentage for a particular site
are:
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1) Identify, from Plate 1, the specific subarea in
which the land development site is to be located.

2) Compute the pre- and post-development peak runoff
rates for each stormwater outfall from the site,
for the 2-, 10-, and 25-year storms, applying no
stormwater management techniques. If the post-
development peak runoff rate is greater than the
pre~-development value, proceed to Step 3.

3) Apply on-site stormwater management techniques to
increase infiltration and/or reduce impervious sur-
faces. Recompute the post~development runoff rate
for the 2-, 10-, and 25-year storms. If the runoff
rate is still greater than the pre-development
rates, stormwater detention will be required.

4) Using the subarea release rate percentage and the
pre-development rate of runoff, multiply to find
the maximum release rate from the detention facil-
ity for each design storm event. The allowable
peak release rate from a storm runoff detention
facility, in cubic feet per second (cfs), is equal
to: the pre-development peak rate (cfs) x the
release rate percentage for the subarea in which
the land development site is located).

Direct Discharge

In those subareas which are immediately adjacent to
Ridley Creek, development sites may happen to be located
such that the total stormwater runoff flows from the site
will be discharged (through outfalls) directly into Ridley
Creek. Given the flow "timing" characteristics of the
watershed, the post-development peak stormwater runoff rate
from these sites will typically be only a minor percentage
of the peak flow rate that will eventually pass the site in
the main branch of Ridley Creek. In the Delaware County
portion of the watershed, the peak runoff rate from these
sites will also occur in advance of the Ridley Creek peak
flow during the design rainfall events. Therefore, as an
alternative to applying the release rate percentage on such
'a site, if any stormwater outfall from a site(s) which is
located immediately adjacent to Ridley Creek is constructed
so as to prevent erosion and scour of the Ridley Creek chan-
nel, no alteration to the post-development peak runoff rate
is required.

Downstream Impact Evaluation

Any party interested in developing an area in the
Delaware County portion of the Ridley Creek watershed may
also be relieved from implementing the release rate percent-
age stormwater runoff control criterion by having an
engineer experienced in hydrology and hydraulics perform one
of the evaluations listed below. This aspect of the plan
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provides desired flexibility and acknowledges the capability
and ingenuity of the site design and municipal engineers in
Delaware County. Calculations performed as part of these
evaluations are to be coordinated with and reviewed by the
municipal engineer.

1)

2)

In those areas of the watershed where man-made
stormwater conveyance channels (i.e., closed storm
sewers, concrete-lined channels, rip-rap protected
channels, etc.) discharging directly into Ridley
Creek exist or will be constructed, the total
stormwater runoff flow during the design rainfall
events may be directed through these channels with
a post-development peak discharge which is greater
than the prescribed release rate, provided that the
conveyance channel has sufficient capacity to
handle the flow. This criterion can allow for a
condition where the post-development peak runoff
rate from a site does, in fact, exceed the pre-~
development value -- when calculations show that
reasonable steps will be taken to protect

downstream areas from storm runoff impacts.

In any area of the watershed, a post-development
discharge rate which is greater than that which is
calculated using the release rate percentage may be
allowed if it can be shown (through the use of
acceptable engineering analysis and design) that
reasonable steps are being taken to protect
downstream areas from the impacts of the greater
discharge rate. An evaluation (i.e., the
downstream impact evaluation) must be performed
which demonstrates that at any point in time, the
flow rates on the existing conditions runoff
hydrograph at the outlet of the subarea(s) in which
the development site is located are not increased
by more than five percent for storm discharges
resulting from future conditions runoff (with
stormwater management provisions) from the 2-, 10-,
and 25-year rainfall events for the particular
site. A detailed description of the specific steps
to be taken to perform a downstream impact eval-
uation are presented in Chapter V of Volume II.
Existing conditions runoff hydrographs for all
identified subareas (see Plate 1) computed as part
of the watershed modeling deone in the development
of this plan are available from the Delaware County
Planning Department. The site design engineer may
exercise considerable flexibility and ingenuity in
providing stormwater management facilities by
employing this option.

Shared Storage

Shared-storage facilities, which provide detention of
runoff for more than one development site, may be considered
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within a single subarea. Such facilities shall meet one of
the above design criteria. Runoff from the development
sites involved shall be conveyed to the facility from its
source in a manner so as to avoid adverse impacts, such as
flooding or erosion and scour of natural channels, to
downstream channels and property.

Maintenance of Stormwater Management Facilities

Maintenance Responsibilities

All facilities for the control of stormwater runoff
require periodic maintenance. The following parties shall
be responsible for ownership and maintenance of stormwater
runoff control facilities constructed on development sites:

1) If a site is developed for commercial, industrial,
or multi-residential uses under the ownership of a
single person, corporation, or other management
entity, the responsibility for maintenance of
stormwater control facilities lies with that owner.

2) If a residential development consists of privately
owned, multi- or single-family units wherein the

. streets, sewers, and other public improvements are
to be dedicated to the municipality, stormwater
control facilities shall likewise be dedicated to
and maintained by the municipality. Excluded from
this requirement are those facilities designed to
be situated on and serve individual lots.

3) If a residential development consists of privately
owned, multi- oxr single-family units wherein the
streets, sewers, and other public improvements
become the property of a community or homeowners'
association, stormwater control facilities shall

1ikewise be owned and maintained by the associa-
tion.

4) If a site is developed for public or quasi-public
use, such as schools, hospitals, churches, and
gimilar institutional uses, the ownership and main-
tenance responsibilities shall be those of the
respective organization.

5) T1f a site is developed for state, county, Or muni-
cipal facilities such as parks, the ownership and
maintenance responsibilities shall be those of the
respective political entity.

In all cases, the municipality shall have the authority
to require that necessary maintenance be performed by the
responsible party to ensure continued safe operation and
protection of downstream property.
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Maintenance Plans and Schedules

It shall be the responsibility of the person(s) devel-
oping a site to provide as-built plans and a schedule for
required maintenance of stormwater management control facil-

ities to the municipality upon completion of the devel-

opment, All stormwater management facilities shall have
been constructed by the time of completion of the overall
development site and be free of sediment or debris,. Such

facilities shall be subject to inspection by the municipal-
ity.

IMPLEMENTING THE WATERSHED PLAN

The Stormwater Management Act emphasizes locally admin-
istered stormwater programs with the watershed municipali-
ties taking the 1lead role. Section 11(b) of the Act
states:

Within six months following adoption and approval
of the watershed stormwater plan, each municipality
shall adopt or amend, and shall implement such
ordinances and regulations, including zoning, sub-
division and development, building code, and ero-
sion and sedimentation ordinances, as are necessary
to regulate development within the municipality in
a manner consistent with the applicable watershed
stormwater plan and the provisions of this act,

Putting the watershed plan's standards and criteria into
effect will require the municipalities and Delaware County
to take several actions. Most of the standards and criteria
will need to be applied through the municipal land use and
development ordinances. However, because stormwater can be
managed successfully only on a watershed basis, the Ridley
Creek communities will need to cooperate on various activi-
ties. Therefore, the implementation plan includes guide-
lines for the required local ordinances along with recommen-
dations for watershed coordination in performing certain
regulatory and management functions. In addition, the
implementation plan encourages the use of some alternative
management techniques which could help the municipalities to
better achieve the goals of the plan,

Recommended Ordinances

The regulatory approach for implementing this watershed
stormwater management plan utilizes the powers granted by
Act 247, the Municipalities Planning Code (MPC). The MPC
enables counties and municipalities to adopt zoning, sub-
division and land development (S/LD), and planned residen-
tial development (PRD) ordinances and to address storm
drainage concerns in these ordinances. In addition, the
municipal (borough, township, etc.) codes enable the adop-
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tion of building codes. Most of the land alteration activi-
ties to which stormwater controls should be applied will
fall within the scope of one of these ordinances. Used in
combination, they provide a comprehensive stormwater ordi-
nance package which covers all types of land alteration
activities, whether they be new development, expansion of
existing uses, or redevelopment/reuse of existing lots and
structures.

In addition to having the correct provisions in the
proper ordinances, the municipal stormwater articles should
be clear (understandable), consistent in approach and appli-
cation throughout the watershed, and flexible. Flexibility
in the regulatory approach is particularly important. It is
not possible to write an ordinance that fits every site and
condition, and land developers should be encouraged to use
creative design and engineering to meet stormwater manage-
ment criteria.

Flexibility can best be obtained by using a performance
standard approach in the ordinances. A performance standard
states an end result or outcome that is to be achieved but
does not specify the means for achieving it. In comparison,
a specification standard Ssets the exact characteristics to
be used in all situations. <The release rate percentage, for
example, is a performance standard, while the design storms
for detention basin design are specification standards. To
be most effective, the stormwater provisions will combine
both types of standards. ‘

It is important to note that when there is an approved
watershed plan, the stormwater provisions in the local ordi-
nances will override other development standards. For
example, the maximum density standard for a site will only
apply if the stormwater standards can be met at those den-
sities. Similarly, if certain provisions of the ordinances
make it impossible to - provide adequate storm drainage 1in
accordance with the watershed plan, then these requirements
should be modified.

The following sections highlight the key additions and
changes to the municipal S8/LD, zoning, and building ordi-
nances needed to implement the Ridley Creek watershed storm-
water management plan. The comments also cover the County's
S/LD regulations. Volume II, Chapter VII, of the watershed
plan provides a more in-depth explanation of the recommended
additions and changes plus guidelines for incorporating them
into the existing municipal ordinances.

These changes will apply to all of the Ridley Creek
municipalities except Thornbury Township, which has only a
very small area in the watershed (about 25 acres). The
Township, however, should add language requiring developers
to check the Ridley Creek watershed plan and to utilize
those standards and criteria if different than the provi-
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sions in the Township's erosion and sedimentation (E/S),
grading, and S/LD ordinances.

Since most of the Ridley Creek municipalities have
territory in more than one watershed, the ordinances should
clearly identify the provisions that apply only to the
Ridley Creek portions of the municipality. For the time
being, the municipalities should continue enforcing the
stormwater standards contained in their exXisting ordinances
in other sections of the municipality.

Subdivision and Land Development Ordinance

This is the ordinance that will contain most of the com-
munity's stormwater management controls, which is consistent
with the enabling authorities in the MPC. The majority of
the stormwater provisions should be included in one article
of the S8/LD ordinance to promote ease of use, For easy
reference, the S/LD ordinance should also include the muni-
cipality's E/S and grading (cut/fill) provisions as another
separate article. Since stormwater runoff carries and
deposits sediment, control of erosion and sedimentation and
stormwater management are interrelated, and it is important
that the two sets of provisions be consistent ‘(see Volume
II, Chapter II). There are several good model E/S standards
available from DER. ‘

o Key Provisions of the Proposed Article for a S/LD Ordi-
nance

1) General stormwater performance standard which
incorporates the language of Section 13 of the
Stormwater Management Act. This would provide an
overall standard (i.e., test) for specific storm-
water control measures.

2) Stormwater Plan Requirements and Review Procedures

o] No land disturbance or earthmoving activity
can take place without an approved stormwater
management plan for the development site.

o Developments resulting in the creation of less
then 7,500 square feet of impervious surface
are exempt from full stormwater plan proce-
dures; however, stormwater control measures
must be approved by the municipal engineer.

o A stormwater plan for the development site
must be prepared and certified by a
registered professional engineer with exper-~
tise in stormwater management.

o A stormwater plan must be submitted with the
preliminary S/LD plan to be forwarded to DCPD
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3)

4)

and the Conservation District for review and
comment.

o A final stormwater plan shall be approved by
the municipal engineer and shall be consistent
with the watershed plan. Final plan approval
shall be contingent upon obtaining all
necessary DER permits (obstructions, E/S,
etc.).

Stormwater Standards and Criteria - Ridley Creek.
As developed for the watershed plan and described
in the previous section on the plan's standards and
criteria, these are:

o} The release rate percentages, direct discharge
option, and downstreamn impact evaluation.

o) The specified method for calculating pre- and
post-development runoff.

o The specified design storms for controlling
post-development peak runoff rates.

Design Standards for Stormwater -~ Mahagement
Techniques and Facilities

o] All proposed techniques and facilities must be
approved by the municipal engineer.

c Control measures, such as detention facili-
ties, can be provided of f-gsite (see Volume II,
Chapter V, for a more detailed discussion of
off-gite, or distributed storage facilities),
provided there are easements, covenants, etc.
to guarantee perpetual use and access.

o] On-site stormwater management techniques, such
as detention basins and seepage pits, should
be selected and designed according to the per-
formance guidelines in the watershed plan.

o) Storage facilities must adhere to the 2-
through 25-year design storm discharge
requirement and the 100-year storm safety pro-
vision.

o] Storm sewers should comply with existing local
regulations, and the municipal engineer should
verify that the capacity of existing storm
sewer systems and/or the natural channel that
receives the discharge from the sewers is ade-
quate to handle the anticipated flow.
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o] Developers must consider impacts of stormwater
management measures on geological and soils
conditions; in-depth studies may be required.

Q During construction, stormwater management
facilities may also be used for soil erosion
and sedimentation control. Drainage channels
and outfalls should be carefully designed to
ensure stability against erosion.

5) Maintenance Provisions for Permanent Facilities

o] Provisions for ownership and continuous main-
tenance as described in the plan's standards
and criteria.

o) The maintenance plan for a private facility
should identify ownership, a maintenance sche-
dule, a service provider, and funding sources.

o] As-built plans must be submitted for all
stormwater control facilities except those
located on an individual lot/structure, and
all facilities must be cleaned and inspected
before acceptance and/or dedication.

6)  Other Provisions (may appear in other articles of
the S/LD ordinance)

o] Regular inspections during construction to
assure proper installation of the approved
stormwater management controls.

0 A fee schedule to cover plan review and
inspection costs.

o Stormwater management facilities covered by
required performance and maintenance bonds.

o Penalties for violation of the approved storm-
water plan for the development site,

Zoning Ordinance

Wot all land alteration activities will fall under the
definition of "subdivision" or "land development." There-
fore, it is important to link the municipal zoning ordi-
nance into the stormwater ordinance package. Through its
zoning ordinances, the municipality can assure the applica-
tion of the watershed plan's standards to single lot (or
single structure) developments, expansions or reuses of
exXisting uses and structures, and special land use activi-
ties, (e.g., farming).
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Incorporating adequate stormwater management provisions
does not require substantial changes to the existing munici-
pal zoning ordinances and maps. However, all municipalities
are encouraged to examine their zoning district designations
in light of the watershed plan and to allow for cluster
development, PRDs, or similar zoning techniques. For many
sites, these techniques will allow the necessary flexibility
to meet the stormwater management standards while still pro-
viding good site design and preserving natural features and
amenities.

o Key Additions/Changes Being Proposed for Local Zoning
Ordinances

1 The release rate percentage map should be adopted
' as an overlay to the zoning map. 1f possible,
designated 100-year floodplains should be shown on

the overlay.

2) A provision should be added to the general provi-
sions or supplementary regulations section of the
ordinance requiring:

o) All uses covered by the ordinance to comply
with the requirements of the applicable
watershed stormwater management plan and
applicable provisions of the S/LD ordinance
and building code (reference to ordinance
sections).

o) New agricultural activities (if permitted by
the ordinance) must have a conservation plan
incorporating stormwater management provisions
in accordance with the standards and criteria
of this plan prepared (or reviewed) by 8CS.
Appropriate administrative procedures of the
County Conservation District must be followed.

3) Any specific stormwater management requirements or
plans in other sections of the ordinance, such as
the individual district provisions, should be
removed to avoid possible regulatory conflicts.

4) The zoning officer and/or building inspector should
not issue any building permits until all other
state and local permits have been obtained,
including floodplain, obstructions, and E/S.

Building Ccde

The inclusion of stormwater provisions in the building
code (or appropriate referencing to sections of the S/LD and
zoning ordinances) provides an additional guarantee that
stormwater controls will be applied to all building
construction in the municipality. By stipulating that a
building permit cannot be obtained unless the application is
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consistent with the site's stormwater management plan, it
covers the situation where the builder and the developer who
prepared the approved stormwater plan are not the same
entity.

In addition, building code provisions generally cover
such stormwater management techniques as rooftop storage,
porous pavement, parking lot storage, and connection of
building storm drains to storm sewer systems. Many of the
watershed municipalities presently wuse the BOCA Basic
Building Code (various editions). As part of the publica-
tion "Stormwater Management Guidelines and Model Ordi-
nances," DER provides a useful guide to appropriate
amendments to the BOCA Code.

Delaware County Subdivision and Land Development QOrdinance

At present, the County's S/LD ordinance includes stan-
dards for E/S control and storm drainage systems {(primarily
storm sewers). The County's ordinance only applies to
Brookhaven, Eddystone, and Parkside Boroughs; the remaining
Ridley Creek municipalities enforce their own ordinances.
The MPC requires municipalities to submit all S/LD plans to
the county planning commission for review, although the com-
ments are not binding on the municipality.

Most of the stormwater management provisions in the

County's 8/LD ordinance are written as fairly broad per-
formance standards, which minimizes potential conflict with
more specific municipal standards. However, in light of the
findings of this plan, the County may want to consider cer-
tain modifications to some of the sections. A general pro-
vision added to the County's ordinance could avoid any
conflict between the County's stormwater standards and local
provisions adopted pursuant to a watershed plan. The provi-
sion should state that stormwater management must be pro-
vided for a site in accordance with the approved watershed
plan. In areas that do not have approved watershed plans,
the existing provisions in the County's ordinance would

apply.

Watershed-Level Coordination

There are numerous opportunities for the Ridley Creek
municipalities to cooperate on implementing the watershed
stormwater management plan. Although individual municipali-
ties traditionally have been the focus for stormwater man-
agement activities, the watershed plan clearly demonstrates
that planning and implementing an effective stormwater man-
agement system requires a watershed-wide perspective.
Further, watershed coordination is consistent with Act 167,
which requires municipalities to prevent stormwater damage
and problems throughout the watershed.
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Carrying out an effective stormwater management program
will require skilled personnel and financial commitments,
and the watershed municipalities may find it economical to
provide these jointly, rather than individually. There are
several options for organizing watershed coordination; only
a few alternatives are discussed here. The final decision,
of course, will be up to the County and the municipalities.
However, the bottom line remains: safe stormwater management
requires watershed cooperation.

Preparation of the Stormwater Ordinances

One of the first areas where watershed coordination will
be necessary is in the drafting of the stormwater management
provisions in the municipal ordinances. The watershed plan
provides a basic guide as to form and content, but addi-
tional work will be required to tailor these specifically to
each municipality's existing ordinance system. It will be
particularly important to ensure that any adaptations do not
result in changing the effect or consistency of the existing
provisions. .

This ordinance coordination can be accomplished by
having DCPD review all of the stormwater management ordinan-
ces relatimg to zoning and S/LD before they are adopted by
the municipalities. Since the MPC already requires munici-
palities to submit amendments to their zoning ordinance to

the county planning agency for review, this County overview.

of the stormwater management provisions is not a new
activity. In addition to reviewing the ordinances, the

County's planners could also provide technical assistance
during their preparation.

Ordinance Administration and Enforcement

This is the area where the municipalities will incur the
most costs for stormwater management and where there are
definite opportunities to reduce them through cooperation.
Administration and enforcement includes site plan reviews,
construction inspection, monitoring, and enforcement.

Since the watershed plan establishes a uniform set of
stormwater standards and criteria, the watershed municipali-
ties can readily cooperate on ordinance administration.
Municipalities could share the ocosts for trained and
experienced staff required to perform the plan reviews and
on-site inspections. Whether handled by consultants or paid
staff, the fees/salary could be shared proportionally by
the watershed municipalities on some formula basis (size,
development activity, etc.).

Another option would be for the County and the munici-
palities to agree that all technical stormwater reviews
would be performed by either DCPD or the Conservation
Pistrict. Since the Planning Commission already reviews
iocal S/LD plans, this alternative may be the most efficient
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in the long run. In addition, it would help to assure that
the potential impacts of a proposed development on down-
stream locations are considered during the plan review. On
the other hand, the technical expertise to perform these
reviews might best be found through the Conservation
District at SCS. 8CS has expressed a willingness to perform
this task. If one of these options is pursued, then the
review agency should be supplied a copy of the as-built
plans.

A County technical review would probably require addi-
tional staff, and the County and municipalities would have
to agree on an equitable cost sharing arrangement, However,
developer's fees should cover most of the plan review and
inspection costs, whether performed by municipal or County
staff,

Maintenance of Stormwater Management Facilities

Proper maintenance of stormwater management facilities
has been identified as a critical element of an effective
watershed plan. Under this stormwater management plan,
municipalities will be assuming greater responsibility for
continuing maintenance of their stormwater detention facili-
ties. Again, this is an area where cooperative action could
result in cost savings. Actual maintenance requirements
will depend on the number and type of facilities constructed
and, therefore, are difficult to project at this point.

It may be that existing municipal crews can reasonably
handle the cleaning, mowing, etc., of the facilities. How-
ever, one approach worth considering is that of municipal-
ities contracting jointly with one or more private firms to
provide periodic maintenance to all publicly owned detention
facilities in the watershed, This approach would permit
some economies of scale and would allow the firm(s) to
schedule maintenance activities in an efficient way. Another
option would be for one or two of the larger municipalities to
agree to provide maintenance on a contractual basis to the
other municipalities. Such maintenance agreements could be
extended to major stormwater structures, such as culverts
and bridges, the operation of which is critical to the
watershed.

Beyond this direct responsibility for the maintenance of
their own facilities, the municipalities should oversee and
enforce the maintenance of all facilities within their
boundaries, be they private or public. To accomplish this,
it will be necessary to monitor the maintenance of all
stormwater control facilities. This monitoring could be
reasonably handled on a uniform basis by the County Con-
servation District. District personnel have the necessary
experience to accomplish this important function and could
inspect facilities (e.g., detention ponds) annually and pro-
vide a report to the owner and municipality. If adequate
maintenance is not being provided (according to the approved
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maintenance plan), then the municipality can follow up with
appropriate enforcement actions. Costs for the district's
inspections could be paid annually by the facility owners or
could be included in a single fee paid at the time of site
plan approval.

Alternative Management Techniques

An additional benefit of a watershed-level stormwater
runof £ study is the opportunity to develop and analyze
alternative stormwater management technigues. Several of
these techniques were evaluated for their potential for
implementation in the Delaware County portion of the Ridley
Creek watershed. The ultimate goals of these technigques are
to streamline the institutional stormwater management pro-
cess, provide for a beneficial use of stormwater runoff, and
assure that funds utilized for stormwater management are
used effectively.

These methods are referred to as either technical storm-
water management practices or institutional stormwater man-
agement systems. . A technical practice involves detailed
technical analyses necessary to define the appropriate cri-
teria for location and design'of a stormwater management
device. Volume II, Chapter V, provides a detailed descrip-
tion of stormwater management technigues for the Delaware
County portion of the Ridley Creek watershed. An institu-
tional system defines procedures by which regulatory agen-
cies implement the standards and criteria for stormwater
management.

As a result of the watershed-level investigation of
stormwater related problems and practices in the. Delaware
County portion of the Ridley Creek watershed, implementation
of the following techniques is strongly recommended.

Technical Stormwater Management Practices

Withdrawal of stream flow for water supply by the Media
Water Authority is an established use of the Ridley Creek
water resource, An evaluation of the expected loss in
annual infiltration of rainfall that is projected to result
from development in the Delaware: County portion of the
watershed above the Media Water Authority intake is included
in Chapter V of Volume II. The result of that evaluation
and the increasing demand for water supply in the Media
Water BAuthority's service area establish the need to develop
measures to replace the lost infiltration, or even to pro-
vide for a net gain, thereby augmenting the available water
resource in Ridley Creek. Two technical practices have been
identified in this watershed plan which would allow for a
maximum benefit to be realized at a minimal cost with
respect to augmenting the baseflow needs of the Media Water
Authority. Chapter V of Volume II describes these practices

in great detail. Brief descriptions, however, are presented
below.
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On-Site Infiltration

In all subareas that contribute to the flow in Ridley
Creek above the Media Borough intake, measures should be
employed on all development sites to induce infiltration of
stormwater runoff. A realistic amount of infiltration that
could provide a significant water resource benefit at a
minimal cost is equal to a percentage of the difference be-
tween pre- and post~development infiltration conditions and
is termed "initial abstraction" in the detailed discussion
that is presented in Volume II. TInitial abstraction shall
be calculated as defined in SCS's TR-55. Specifically, ini-
tial abstraction is the depth of rainfall, in any precipita-
tion event, that is captured on vegetation, buildings, and
small depressions of a site and saturates the soil (in pre-
development conditiocns) before infiltration and runoff
begin. 1Initial abstraction is independent of rainfall fre-
quency and represents the minimum increase in runoff that
occurs as a site is transformed from natural conditions to a
developed condition, A detailed example of the computation
of initial abstraction is provided in Volume II.

Regional Baseflow Augmentation System

The feasibility of a regional system for recharge of
shallow groundwater and, therefore, for baseflow augmen-—
tation using off-stream stormwater impoundments for peak
runoff rate reduction was evaluated for this stormwater
management plan. Peak flows in Ridley Creek and selected
tributaries could be "skimmed off" into off-stream impound-
ments and stored. Between rainfall events, the stored water
could be pumped to a system of hillside infiltration
trenches, allowed to percolate into the shallow groundwater
system, and move by gravity to augment the baseflow of
Ridley Creek and its tributaries. A conceptual layout for a
potential pilot system is presented in Volume II.

Institutional Stormwater Management System

As a part of the plan preparation effort, various insti-
tutional stormwater management alternatives were examined
which might be capable of performing the continuing
planning, maintenance, financing, and regulatory activities
identified by the plan. Obviously, there are numerous
acceptable approaches, and the institutional system will
have to be tailored to the specific conditions and needs of
the watershed. It will be the task of the municipalities
within the watershed to select the most feasible system con-
sistent with the watershed stormwater plan and their own
needs and objectives. In any case, stormwater management
will require intermunicipal coordination and cooperation
within the watershed. The following institutional system is
recommended to assist in the implementation of the watershed
plan.
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A Standard Process for Designing a Stormwater Management
System on a Developing Site

aAdoption of and adherence to a consistent and coor-
dinated stormwater management design procedure is an essen-
tial component of the total site development process which
involves alteration of land and results in an increase in
the percentage of impervious area. Similarly, a stormwater
management plan is an integral part of the total site im=-
provement plan, which includes provisions for grading, land-
scaping, erosion control, streets, sanitary wastewater
facilities, water facilities, and other utilities. The site
development -design and review process is implemented by
efforts of the developer, technical consultants, municipal
engineers, and local officials. Other agencies, including
DER, the county or local planning commissions, and a sani-
tary wastewater authority, also have significant impact on
the stormwater management plan for a new land development
project.

A flow diagram of the proposed stormwater managenment
design and review process that should be used by all parties
involved in land development in the Delaware County portion
of the Ridley Creek watershed is presented in Appendix E of
Volume II. The use of a standard stormwater masagement
plan development and review process is required to ensure
the compatibility of new stormwater systems in the watershed
with the comprehensive watershed stormwater management plan.

FINANCING STORMWATER MANAGEMENT

In implementing -~ a feasible stormwater management
program, financing is bound to be one of the major concerns,
particularly in light of current fiscal constraints. At
first, it may be tempting to adopt the approach that "the
one who creates the cost pays the cost," thus placing most
of the financial responsibility on the local municipality
and private developer. However, this approach may not be
realistic =- or totally fair. Many of today's stormwater
concerns are the result of years of insufficient planning
and lack of attention to stormwater drainage by all levels
of government as well as the private sector. Therefore,
everyone should share in the cost of the solutions, whether
those solutions involve activities to prevent new problems
or to correct existing ones.

The following paragraphs briefly describe some of the
financing alternatives available for stormwater management.,
Most of these are applicable to both the municipalities and
the County. They can be pursued under existing legal
authorities, although a few may require new or changed
legislation to make them useful in stormwater management.
The financing alternatives include techniques to finance
capital improvement projects, operation and maintenance

activities, and local ordinance administracion,
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Chapter 111 Funding

Chapter 111 (issued under Section 17 of the Stormwater
Management Act) provides authorization for planning grants
and the reimbursement of up to 75 percent of the costs asso-
ciated with the preparation or revision of watershed storm-
water management plans and the preparation, administration,
enforcement, implementation, and revision of stormwater
regulations in municipalities for which there is an adopted
watershed plan. Some of the following activities are con-
sidered allowable costs under Chapter 111:

o] the preparation and enactment of stormwater regula-
tions (including technical and legal services)

0 administrative, enforcement, and implementation
activities (including the review of the stormwater
management component of development plans, fees for
special consultations, and monitoring and inspec-
tion activities)

Tax Revenues and Annual Budgeting

General and special purpose tax revenues are probably
the most frequently used means of financing stormwater
related projects for local municipalities, particularly
operation and maintenance costs. Real estate taxes are the
main source of local tax revenues, along with wage taxes and
other special taxes or assessments. Funds received by muni-
cipalities from federal revenue sharing go into the general
fund and can be used for stormwater projects. State liguid
fuel monies can be used for stormwater and drainage struc-
tures related to street construction and repair.

It is often difficult for smaller or less developed com-
munities to obtain financing or to accumulate funds for
larger stormwater or flood control projects. One solution
to this problem is for a municipality to establish a capital
improvement reserve fund. Each year the local government
can set aside an amount for the reserve fund, and funds can
be allowed to accumulate for larger projects. The principal
advantage of the reserve fund is that it allows municipali-
ties to put projects on a "pay-as-you-go" basis, thus saving
the interest costs for borrowing. A capital improvement
reserve fund also enables a municipality to set up an
ongoing program for improving and maintaining facilities.

There are various ways of generating revenues for the
reserve fund. One way is to maintain the property tax
levies allocated to debt retirement at a constant level.
Usually existing debt drops as a percentage of property tax
revenues as annual payments for debt service decline and
assessed valuation of property increases. By maintaining
the tax at its current rate (if taxes are not too high), a

community can earmark those "extra" funds to the capital
lmprovement reserve fund,
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Another approach might be to allocate a portion of the
funds from such sources as parking meters, amusement taxes,
service charges, and licensing or permitting fees. For
example, a community could include a special set-aside for
the "stormwater capital improvement reserve fund” from its
puilding permit fees. Alsoc, any operating surplus for a
fiscal year (or some portion thereof) could be transferred
to the reserve fund.

Special Assessments

Special assessments may be levied on affected properties
to finance specific projects, most often capital improve-
ments. The assessment rate is set on a formula basis which
relates the amount of the assessment to the value of the
services or benefits provided. Special assessments are
applicable to a project with one or more of these charac-
teristics:

1) It provides special benefits to the property which
are direct and measurable, such as storm sewers,
catch basins, curbs, and gutters.

2) It provides general benefits to a localized area .
where the whole area benefits, although not uni-
formly (e.g., flood control facilities).

3) It provides public appurtenances to private prop-
erty (e.g., sewers, streets, and detention ponds) .

4) It abates a public nuisance (e.g., detention pond).

The special assessment has not been used widely in
Pennsylvania for storm drainage facilities. The major
drawback has been an equitable formula for allocating the
assessment to affected properties, both upstream and
downstream of the facility.

However, this mechanism merits further consideration.
It may be particularly applicable in areas where storm sewer
gystems are recommended (or require improvement) or where a
detention facility is proposed to serve one or more develop-
ments in the watershed. The watershed plan provides a basis
(using PSRM) to assess how properties will be affected
(benefitted) by proposed stormwater facilities. Therefore,
it can aid in establishing an equitable, legally defensible
assessment formula.

User Charges

User or service charges may become more popular in the
future in financing stormwater management activities. To
utilize this approach, though, it is necessary to have a
stormwater plan to develop sound cost estimates for imple-
menting the stormwater management system. User charges
have been utilized in other states where communities have
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established a separate stormwater utility. 1In this arrange-
ment, the utility owns and operates all aspects of storm-
water management and flood control and charges a fee for
property owners based on lot area and estimated runoff
rates. A stormwater utility appears to be possible in
Pennsylvania, but it would have to be licensed and regulated
under the Public Utility Commission, similar to some pri-
vately owned and operated package sewage treatment plants.

It is not clear whether municipalities could institute
user charges for a public storm drainage system under
existing legislation, especially without local voter appro-
val. However, user charges should be feasible where it is
possible to define the service area of a facility, such as a
detention pond Serving one or more subdivisions. Such fees
could be determined by considering various physical factors
affecting runoff rate (e.g., amount of impervious surface,
soil and slope conditions, etc.) which can be documented in
the stormwater plan as well as on actual operation and main-
tenance costs for the facility.

Municipal Bonds

Most long-term borrowing by municipalities and authori-
ties is done by issuing bonds. Pennsylvania's local govern-
ments and authorities are governed in this area by the Local
Government Unit Debt Act (Act 185 - 1972). This act regu-
lates the type of bonds that agencies may issue and
establishes debt limitations for municipalities.

Two types of bonds may have some applicability for
stormwater management. Electoral debt bonds may be issued
by a municipality following election approval. If the
electorate approves bonds for a specified project, such as
the construction of a storm sewer system, then the electoral
bonds are not subject to any debt limitation. Non-electoral
general obligation bonds pPledge the general taxing powers of
a municipality for repayment of the bonds and, as a result,
do not have any Coverage factors on their repayment.

Qther Grant PFunds

In the past, communities depended heavily on federal and
state grants for major capital improvement and flood control
projects. However, given the present state of flux in
federal and state funding programs, it is unclear how secure
a source of financing these will be in the future. PFor this
reason, this study does not present any extensive catalogue
of grant programs. If a community has a specific project,
it should contact the appropriate state or federal agency to
determine if any funding assistance is currently available.

On the federal level, the U.S. Army Corps of Engineers
can provide technical assistance (for planning, design, and
construction) of specific stormwater projects and will
assist in smaller improvement projects if necessary to pro-
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tect a public facility. There are also funds and technical
assistance available from SCS. The updating of local ordi-
nances is an eligible activity under the Community Develop-
ment Block Grant Program (CDBG).

The Pennsylvania Department of Community Affairs (DCA)
and DER provide technical assistance, information and educa-
tion programs, and some funding for capital improvements.
DCA administers the floodplain management program and
assists communities with the preparation and adoption of
their floodplain ordinances and other floodplain management

activities. Also, under Act 167, DCA is assigned respon-
sibility for conducting education and informational
programs. DER provides technical assistance (including

public education) on stormwater and E/S problems, partial
funding to the County Conservation District, and financial
assistance for stream improvements (e.g., bank erosion)
where the problems affect a public facility.

Private Financing

A substantial portion of the costs of future stormwater
management activities will be provided by private land de-
velopers. In most communities, developers will be respon-
gsible for the initial  construction of any facilities
required to serve their site and, in some cases, for off-
site improvements necessitated by the development, such as
increasing the size of a downstream culvert. A developer's’
application/permit fees provide the major source of funds
for local ordinance administration, including plan reviews,
inspection, and enforcement. Some municipalities use a
fixed fee system, while other communities wuse the de-
veloper's fee approach, which is a fee based on an estimate
of actual costs to the municipality for professicnal

reviews, hearings, and inspections. In general, for larger
developments the developer's fee is the preferable, and
sometimes more equitable, approach. In either event, a

major development should pay most of the administrative
costs that it generates.

PRIORITIES FOR IMPLEMENTATION

This watershed stormwater management plan for Delaware
County addresses the plan requirements (Section 5(b}, Act
167) that are identified in the Stormwater Management
Guidelines (DER, Bureau of Dams and Waterway Management,
May, 1985). One of the key requirements concerns the iden-
tification of the implementation priority to be given to the
various elements of the watershed plan. This section iden-
tifies and summarizes these elements and presents a
discussion of the general emphasis, or priority, that should
be given to them.

standards and criteria which set performance standards

for the individual stormwater management plans that will
need to be prepared for future developing sites have been
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developed and presented. Three stormwater discharge options
are provided to allow for maximum flexibility for land de-
velopers and municipalities in the design of stormwater
management plans. Design storms have been specified, and
criteria have been established for the design of on-gite
facilities to control storm runoff in 'a manner that is con-
sistent with the performance standards of the watershed
plan. The responsibility for maintenance of stormwater
management facilities has also been identified, along with
recommended arrangements for organizing and implementing
maintenance activities.

The additions and changes to the various municipal ordi-
nances which are needed to help ensure that effective, coor-
dinated management of storm runoff is achieved in the
Delaware County portion of the Ridley Creek watershed have
also been discussed. Those changes and/or additions to
municipal ordinances will be necessary to ensure that storm-
water management practices on developing sites are con-
sistent with the standards and eriteria of this plan.

Recommendations have also been made for cooperative
efforts and other alternative managemant techniques which
would help in the implementation of the watershed plan.
Specifically, “two ‘concepts are presented which make use of
stormwater runoff to enhance the overall water resource
system of the Ridley Creek watershed through the recharge of
the shallow groundwater system. An institutional approach
which lays out an effective process for the design, review,
and approval of stormwater management plans for individual
developing sites in accordance with the overall watershed
plan is also recommended to help in the long-term implemen-
tation of the plan. Possible sources for financing the
implementation of the provisions of the watershed plan are
also presented.

The key priority for the effective implementation of
this watershed plan is its adoption by Delaware County
Council. This is a necessary step in order for the stan-
dards and criteria for stormwater management in the Ridley
Creek watershed to be used to help achieve the long-term
stormwater management goals that have been identified as
part of this watershed plan. This step needs the full sup-
port and involvement of the municipalities in the watershed.
Following an official adoption of the plan by the County,
the municipalities in the watershed will need to incorporate
the required ordinance changes and additions that are pre-
sented in this plan into their own ordinances in order to
be consistent with the standards and criteria of the
watershed plan.

The other recommendations that have been made are items
of lesser priority than that discussed above. The storm-
water management recommendations invelve a fair amount of
watershed-level coordination, but they can result in the
greatest degree of long-term runoff control in the most
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cost-effective manner. The standards and criteria are,
however, necessary provisions to ensure that stormwater
management in the Delaware County portion of the watershed
yields sound, identifiable benefits and is also consistent
with the requirements of Act 167.

WATERSHED PLAN UPDATES

DCPD will assume responsibility for future updates of
the watershed plan. The first update was completed as part
of the Department's 1987 revision. The next update will be
completed within five years, providing matching funds are
available, but the department will establish a monitoring
system to determine if an update is needed sooner. In addi-
tion, the department will continue to preserve the data base
generated during the initial planning study and which now
reflects the first update in order to facilitate future plan
updates.

At this time, there are several check points that DCPD
can use to assess the need for updating the watershed plan.
These include:

o  Applications for S/LD plan reviews

o Zoning revisions or curative amendments resulting
in significant land use changes (from land use pro-
jects used for the watershed plan)

o Complaints from developers and/or municipalities
concerning the impact or requirements of the
watershed plan

o Changes in stream conditions that indicate that the
plan's stormwater management standards and criteria
are ineffective

o] Updates of the flood insurance studies and maps

o] Construction or modification of major stream
obstructions, thus altering stormwater runoff flows
and rates

By evaluating S/LD applications and zoning changes as
they come into the department, it will be possible to iden-
tify major land use changes that could affect the overall
reliability of the watershed stormwater management stan-
‘dards. The development of any major stormwater generators,
such as a regional shopping mall, an industrial park, or a
highway, should trigger a review of the watershed plan.
Also, if projected development densities vary substantially,
upward or downward, then a plan review would be in order.

The funding for plan updates may come from a variety of

sources, but the principal sources probably will be state
Chapter 111 grants as well as County funds. Also, the
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County and municipalities could establish a stormwater
reserve fund to which they would make an annual set-aside of
tax (or general fund) revenues. This fund could be allowed
to accumulate and be used for plan updates and perhaps major
capital projects to improve or correct stormwater problems
in the watershed. :
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CHAPTER I
INTRODUCTION AND SUMMARY OF STUDY APPROACH

Basics of Hydrology

Water is located in all regions of the earth. However, its distri-
bution, quality, quantity, and mode of occurrence are highly wvariable
from one location to another, Hydrology is the science dof dealing with
the properties, distribution, and circulation of water on the surface
of the land, in the soil, through fractures in underlying rocks, and
in the atmosphere. ' '

The hydroogic cycle, illustrated on Figure I-1, describes the
endless movement of water between the earth and atmosphere through
the physical processes of evaporation, transpiration, and precipitation.
Water evaporates from oceans, inland lakes, man-made impoundments,
flowing streams, and the soil. Transpiration is the process by which
vegetation returns water to the atmosphere., Water is transported
horizontally through the atmosphere in douds in the form of wvapor,
liquid, and ice crystals. Water falls back to earth as precipitation
directly into surface waters or onto the land where approximately thirty
percent runs off into surface waters. The remaining precipitation that
does not evaporate infiltrates into the earth and replenishes ground-
water supplies. A portion of the groundwater percolates slowly down
through the ground to reappear as baseflow in streams or as seepage
into lakes.

Stormwater

The water that runs off the land into surface waters during and
immediately following a rainfall event is referred to as stormwater.
In a watershed undergoing urban expansion, the volume of storm-
water resulting from a particular rainfall event increases because of
the reduction in pervious land area (land not covered by pavement,
concrete, or buildings). Although many factors interact to affect
this segment of the hydrdogic cycle, the most significant that influence
the volume of stormwater are:

o Precipitation - The volume of water that falls on a specific
land area over a given period of time.

o Surface of depression storage - The volume of precipitation
that is stored in depressions, either natural or attributed
to human activities, on the surface of a specific land area.

o Infiltration - The volume of precipitation that infiltrates into
the ground over a specific land area.

Precipitation
Precdipitation is the most variable input to the generation of storm-

water runoff, The quantity of precipitation varies geographically,
temporally, and seasonally. Records have shown differences of twenty

1
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Figure -4
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Surface or Depression Storage

The initial volume of rain falling to the ground during any event
becomes trapped in numerous small, natural or man-made depressions.
The only escape of this stored water is through evaporation or infil-
tration. Development activities often alter the terrain to make acreage
available for building and to provide for mobility of equipment during
construction activities. These practices usually reduce the amount of
surface storage, thereby increasing both the volume and rate of storm-
water runoff. Specially designed stormwater management facilities
(e.g., detention basins, terraced slopes, and level spreaders) incor-
porated in site designs may artificially provide the surface storage
lost during development.

Infiltration

The infiltration rate, the rate at which water enters the soil at
the surface, is controlled by surface conditions. The two factors
characterizing surface conditions are soil type and cover type. Urban
areas are seldom completely covered by impervious surfaces. Develop-
ment on soils having a high infiltration rate (sands or silts) increases



the potential for high runoff volumes and peak runoff discharges.
Site designers should give strong consideration to building and road
layouts which minimize coverage of areas having soils with a high
infiltration rate.

In addition to soil type, the surface cover condition affects runoff
volumes by influencing the infiltration rate of the underlying soils.
When impervious surfaces are constructed over a land area, the
potential for infiltration is virtually eliminated, Forested land, with
its covering of natural litter and humus, is one of the best surface
covers for promoting infiltration of rainfall.

Estimating the Rate and Volume of Stormwater Runoff

At any point of interest along a waterway, the rate of stormwater
runoff can be calculated by evaluating the hydrdogic characteristics
of the watershed (or land area) draining to that point. The hydrologic
characteristics refer to precipitation, surface storage, and infiltration
as described in the previous sections.

The excess precipitation remaining after surface storage is filled
and the infiltration rate of the land area is exceeded becomes overland
flow. Owerland flow moves in a thin film on the land surface prior
to collecting in a defined "channel" (e.g., paved roadside berm, grass-
covered channel, storm sewer, intemmittent stream, etc.}., The storm-
water runoff that flows from all channels which are tributary to a
particular point of interest (i.e., a bridge or a chronic flooding loca-
tion along a stream) can now be combined to form what is referred to
as a "hydrograph" at that point,

Hydrographs

A hydrograph graphically illustrates the rate of runoff in relation
to time at a point of interest, This "point of interest" could be a
bridge, a culvert, or a constricted channel section. There are a
variety of ways to prepare a hydrograph., The most accurate is by
comparing recorded rainfall to recorded stream flows at a gage., This
is an ideal approach but is rarely possible due to the lack of recording
stations at points of interest. Lacking this data, the common practice
involves generation of information concerning the rate of runoff by
estimating values for individual elements of the hydrdogic cycle.

To illustrate how a hydrograph is prepared, the following example
using equal sized water tanks in place of watershed subbasins will be
used (Figure I-5)., The example presented here simulates ideal field
conditions, which differ from those encountered in a watershed as
follows:

o The total flow volume from each tank is the same. In an
actual watershed, the runoff quantity and rate vary signifi-
cantly due to the influences of soil infiltration, storage, and
size of the basin (and subbasins).
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o The rate of flow from each tank is uniform. In the example,
it takes five minutes to .open the valves completely in each
tank. At this point, the maximum flow is 4 gallons per
minute (gpm). Fifteen minutes later, the tanks are drained
completely, with the rate of flow dropping constantly from 4
gpm to 0 over this fifteen-minute period. In nature, this

is replaced by rainfall intensity values which vary over time
in a nonlinear fashion.

o The travel time for the water from each tank to pass the peoint
of interest has been assumed, making the cumulative runoff
rate at that point readily determinable. In an actual water-
shed, these travel time values are determined from flow
velocities that are based on the variations in the physical
characteristics of the flow channels.

The key to wunderstanding the formation of a watershed hydro-
graph is to realize that it is ‘generated by runoff contributions from
subbasins within the watershed. In the case of the water tank example
(Figure I-5), the total rate of flow passing the point of interest is
2 result of the contributions from the individual tanks. Figure I-b6
is the hydrograph associated with Tank 3, In Figure I-6, it has been
assumed that it takes five minutes (travel time) for the first drop
of water released from the tank to reach the point of interest (Graph
AY, Figure I-6 also shows the increase (Graph B) and decrease
(Graph C) in flow rate at the point of interest resulting from the
opening of the valve (five minutes) and the draining of the tank (fif-

teen minutes). Thus, the maximum flow rate from Tank 3 occurs
at the point of interest ten minutes after the valve for Tank 3 is
opened. This time represents the combined time of travel (five

minutes) and valve opening (five minutes) .

When all of the tank wvalves are opened simultaneously, similar
graphs are created for other tanks (see Figure I-7). For this example,
because all flow rates and wvolumes are the same, the only variation
among the hydrographs is the travel time for the first drops from the
various tanks to reach the point of interest. It should be noted that
the beginning point for each hydrograph in Figure I-7 represents that
point in time when the flow from a tank begins to pass the point ‘of
interest.

As each tank drains, the volume of water in the tank reduces
the gallons per minute discharging from the tank to zero. As shown
in the hydrograph in Figure I-7, the last drop leaving Tank 3 passes
the point of interest twenty-five minutes after the first drop leaves
the tank. The figure also shows that the flow at the point of interest
from Tank 3 reaches its maximum rate ten minutes into the overall
storm runoff event.

Figure I-7 also shows the rates of flow for the other tanks, which
were developed in a similar fashion. All of these hydrographs are then
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plotted over a common time span. To determine the cumulative rate of
flow from each tank at the point of interest and for a selected point
in time, the flow rates associated with each tank at the particular time
of interest are totaled, Figure I-7 has a cumulative flow rate table,
which illustrates the contributing rate for various points aong the
hydrographs. The points are plotted, which furnishes a graphical
description of the cumulative flow rate at the point of interest. The
"peak rate" is the highest value (point 3) which, for this example, is
9 gpm and occurs thirteen minutes after all the valves were opened.
1t should be noted that the travel time for Tank 1 is sixteen minutes,
which means that flow from Tank 1 has not even arrived at the point
of interest when the overall peak rate at that point occurs.

This example uses ideal conditions with uniform values. If the
sizes of the tanks vary, if the time required to open the valves varies,
if the time of draining the tanks varies, or if the maximum rate from
each tank varies, the overall system of flow rates would be very complex.
This complexity, however, is what actually occurs in a watershed. The
concept used to develop the cumulative flow rate explained above, how-
ever, would be the same.

Applying the Example to Watershed Conditions

By altering some of the values used in the example, it is possible
to see the application of this concept to an actual watershed condition.
In a watershed, flow rates from each subbasin will vary to reflect size
and infiltration characteristics, travel times will vary to reflect channel
slope and configuration, and maximum flow rates may change as infil-
tration characteristice are reduced due to land use changes, The
following ~variations of the conditions used for the previous example
are presented to illustrate this point:

1. The flow rate from Tank 2 that is contributing to the peak rate
at the point of interest is equal to 4 gpm (i.e., the maximum
flow rate from the tank). If a change in conditions occurred
whereby the maximum flow rate from Tank 2 increased to 5 gpm,
the peak rate at the point of interest would increase from 9 to 10
gpm. In a watershed, this is what occurs when development
increases the rate of runoff from a site.

2. The travel time for Tank 1 is greater than the time at which
the cumulative peak rate occurs (thirteen minutes). If the travel
time is reduced to less than thirteen minutes, then Tank 1 also
will begin to contribute to the peak rate at the point of interest,
again resulting in an increase in the peak at the downstream point,
In a watershed this could occur when flow velocity increases and
the travel time is reduced. For example, changing a natural
channel to a concrete-lined ditch or to a storm sewer system
increases velocity and reduces travel time to the point of interest.

3, The maximum flow rate of 4 gpm from Tank 3 occurs before the
peak rate. If the maximum flow rate of 4 gpm were to be main-
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tained for a longer time (see dashed line in Figure I-7, Tank 3},
the contributing rate from Tank 3 would increase from 3.25 to
4,0 gpm, and the peak rate at the downstream point of interest
would increase from 9.0 to 9.75. In a watershed, this could occur
if new development increased the volume of runoff and the de-
veloper constructed a detention facility and released the maximum
rate over a longer period of time.

A comprehensive strategy of stormwater management requires an
understanding of the hydrologic cycle as well as the techniques that
can be used to estimate the rate of runoff. This chapter used a simple
example to illustrate these basic principles. Chapter IV of this report
describes the technical details of the simulation modeling approach that
was used for this "pilot" study to furnish the necessary storm runoff
information for the Ridley Creek watershed.
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CHAPTER II

RATIONALE AND LEGAL FRAMEWORK FOR
STORMWATER MANAGEMENT

The Need for Stormwater Management

The alteration of native cover and contours to residentia, com-—
mercial, industrial, and cropland uses results, in almost all cases,
in decreased infiltration of rainfall, This results in an increase in
both the volume and rate of stormwater runoff. As development has
increased, so has the problem of dealing with the increasing quantity
of stormwater runoff., Failure to properly manage increased or
accelerated runoff has resulted in greater flooding, stream channel
erosion and siltation, and reduced groundwater recharge. The cumu-
lative effect of development in some areas of the State has resulted in
flooding of both small and large streams, with property damages running
into the millions of dollars and even causing loss of life.

Recognizing the need to deal with this serious and growing prob-
lem, the Pennsylvania General Assembly enacted Act 167. The state-
ment of legislative findings at the beginning of the Pennsylvania
Stormwater Management Act (Act 167) sums up the critical interrelation-
ship among development, accelerated runoff, and floodplain management.
Specifically, this statement points out that:

(1) Inadequate management of accelerated runoff of storm-
water resulting from development throughout a watershed
increases flood flows and velocities, contributes to ero-
sion and sedimentation, overtaxes the carrying capacity
of streams and storm sewers, greatly increases the cost
of public facilities to carry and control stormwater,
undermines floodplain management and flood control
efforts in downstream communities, reduces groundwater
recharge, and threatens public health and safety.

(2) A comprehensive program of stormwater management, in-
cluding reasonable regulation of development and activ-
ities causing accelerated runoff, is fundamental to the
public health, safety and welfare and the protection of
the people of the Commonwealth, their resources and the
environment. (Section 2)

The Need for a Comprehensive Approach

Up to now, stormwater management has been oriented primarily
toward addressing the increase in peak runoff rates discharging from
individual development sites to protect property immediately down-
stream. Minimal attention has been given to the effects on locations
further downstream (frequently because they were located in another
municipality) or to designing stormwater controls within the context of
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the entire watershed., Management of stormwater has typically been
regulated on a municipal level with little or no designed consistency
among adjoining municipalities in the same watershed concerning the
types or degree of control to be practiced.

Act 167 changes this approach by instituting a comprehensive
program of stormwater planning and management. The Act requires
Pennsylvania counties to prepare and adopt watershed stormwater
management plans for each watershed located in the county, as des-
ignated by the Pennsylvania Department of Environmental Resources
(PA DER). These plans are to be prepared in consultation with the
municipalities located in the watershed, working through a watershed
advisory committee, The plans are to provide for uniform standards
and criteria throughout a watershed for the management of stormwater
runoff from developing sites. The types and degree of controls that
are prescribed need to be based on the expected development patterns
and hydrologic characteristics of each individual watershed.

The rate of runoff that occurs at any point within a watershed is
made up of the flow contributions from the various subbasins within the
watershed. A comprehensive watershed planning approach requires the
analysis of runoff rates for the individual subbasins as well as an
evaluation of the collective effects on the watershed. This is because
the peak (maximum) rate of runoff at any point in a watershed results
from an accumulation of the rates of runoff contributing to that point
from the individual subbasins of that watershed.

A critical element for the determination of the peak flow at a point
of interest is the timing of the arrival of flow from the contributing
subbasins, or subareas, as expressed by the combination of their
runoff hydrographs., The combination of shape, size, topography,
and land use patterns is unique for each watershed in the Common-
wealth as well as for each subarea of which it is comprised. The
expected future land use patterns of any watershed, likewise, will
vary. It is imperative then that standards and criteria for stormwater
management reflect the individual character of the watershed in which
they are to be practiced.

The standards and criteria for stormwater management practices
presented in this plan have been developed solely for the Delaware
County portion of the Ridley Creek watershed. These standards and
criteria are based on the specific configuration and existing conditions
of the watershed and the potential impacts of expected future develop-
ment., While many of the types and concepts of control that are
recommended may be appropriate in other watersheds as well, they
cannot be considered to be broadly applicable until a similar watershed
planning study is completed,

Stormwater Management vs., Flood Control Management

On October 4, 1978, with the passage of the Stormwater Manage-
ment Act (Act 167) and its companion bill, the Floodplain Management

16



Act (Act 166), the Commonwealth of Pennsylvania embarked on a
significant new course to reduce flooding and the problems caused by
inadequately contrclled stormwater runoff. 'Recognizing the repeated
threats to public health and safety, the Legislature mandated a compre-
hensive approach to planning and managing excess stormwater runoff,
The Stormwater Management Act sets up a program for managing
accelerated runoff so that it does not lead to flooding, while the Flood-
plain Management Act provides for the preservation and restoration of
floodplains which are natural stormwater storage areas. These intimately
related, vyet distinctly separate, programs are now being implemented.

The Floodplain Management Program in Pennsylvania works to
prevent damages due to flooding through what may be considered to be
primarily non-structural means. The Floodplain Management Act re-
quires that municipalities participate in the National Flood Insurance
Program, allowing owners of existing properties in the designated
floodplains to purchase flood insurance at reduced rates. Municipal-
ities must also adopt ordinances prohibiting new construction that
could be inundated by flood waters.

The base flood selected for this program is the 100-year flood, an
extreme hydrological event. The limits of the 100-year floodplain have
been delineated on major and minor streams for all flood-prone munici-
palities in Pennsylvania. Those limits were drawn based on either
detailed computer backwater analyses or on more approximate methods,
depending on the size of the stream being studied, When detailed
methods were used, floodplain elevations were determined based on
statistically derived flow rates for the 100-year flood. In the Ridley
Creek watershed, only portions of Ridley Creek and Stackhouse Mill
Run were dealt with in such detail,

The Floodplain Management Program is not intended to deal with
structural means of flood control such as dams, levees, or the like.
There is no intent or effort to control the flood flow rates on which
the floodplain boundaries are based. Significant increases in flood flow
rates due to land development can result in higher flood elevations
and broader floodplains, undermining the entire program. However,
within the accuracy of even the detailed methods, increases in peak
flow rates of more than just a few percent are required in most cases
to cause a noticeable increase in calculated flood elevations. The very
magnitude of the base flood event selected for regulation purposes in
the Floodplain Management Program, i.e., the 100-year event, requires
extrapolation of data and some subjective decision making in the determ-
ination of its peak flow rate.

The design of storm drainage, on the other hand, has traditionally
been based on storms of more frequent occurrence, in the range of
5-, 10-, or 25-year events. Design of storm sewer conveyance systems
on the basis of larger events, like the 100-year storm, has not been
considered to be cost-effective., The largest and most frequently used
design storm for drainage systems in the Delaware County portion of
the Ridley Creek watershed is the 10-year event., The Pennsylvania
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Department of Transportation uses 25- and 10~year design storms
for primary and secondary highways, respectively, and the 50-year
storm for interstate highway drainage.

What design storm frequency is appropriate for the management of
stormwater runoff? The answer will depend largely on how stormwater
management is defined., Act 167 does not specifically define what
"stormwater management" is but requires that measures be taken so
that post-development runoff rates do not exceed pre-development rates.
The Pennsylvania Stormwater Management Guidelines make no specific
recommendation -as to the appropriate return period(s) to be used for
stormwater management, but instead, suggest that sound design
frequency criteria be developed for a camplete flood frequency analysis
of both pre- and post-development conditions for 2- to l0-year floods.
Since no state-level criteria have been adopted for stormwater detention
or other stormwater management measures, criteria must be adopted
by each municipality. A primary purpose of this comprehensive water-
shed planning effort is to establish design frequency criteria which
reflect the specific needs and characteristics of each watershed. The
criteria adopted by local municipalities should, therefore, be in accord-
ance with the requirements of the pertinent approved watershed storm-
water management plan.

The Pennsylvania Association of Conservation District Directors
recommends that 2-, 10-, 25-, 50-, and 100-year discharges from
"major" drainage systems mnot exceed existing conditions, At the
same time, there is some question as to the appropriateness and prac-
ticality of providing such complete contrd. If cdlection systems are
designed for, at most, the 25-year event, runoff firom more severe
events may not reach a site's stormwater management system. Large-
scale flood control projects are typically built only when the benefits,
in terms of flood damages that are prevented, exceed the cost of the
project itself. The construction of large flood control facilities rep-
resents a substantial cost to land developers, which are then passed
on to home buyers and commercial tenants. Benefit-cost type analyses
have not been done to justify current stormwater management practices
in portions of the Ridley Creek watershed.

In this stormwater management study, analyses were performed
using a model of existing and expected future runoff conditions to
determine appropriate design frequendes for stormwater management
in the Ridley Creek watershed. The primary objective was to identify
the largest return period event for which contrad is required to prevent
damage In the watershed, With that aim, it would seem appropriate
to consider stormwater management as contral of the accelerated runoff
of more frequent, troublesome events in a more cozt-effective manner,
Contra of larger events, incuding the 100-year storm, would then be
considered as flood control. Controlling increased runoff from events
of a greater frequency than the 100-year storm (i.e., the 10-year or
25-year design storm) is justifiable within the intent of Act 167, but
only if peak flow rates and flood elevations throughout the watershed
do not increase significantly for the larger events. The actual impacts

18



of controlling only more frequent events depend heavily on the con-
figuration and development characteristics of a particular watershed.
The design storms prescribed for on-site contrals in the standards
and criteria for stormwater management in the Delaware County portion
of the Ridley Creelk watershed pertain only to that portion of the water-—
shed and the specific needs for control of the increased runoff from
future development that are anticipated.

Legal Framework

The laws governing surface drainage rights and liabilities have
developed over the years as part of Pennsylvania's system of common
law. It is a very complex system, not widely understood by non-
lawyers, and one which does not always lead to an easy determination
of who has what rights and when. Some people have suggested that
legal complexities relating to stormwater management may be one reason
why more Pennsylvania municipalities have not already developed storm-
water regulations. There simply appear to be too many gray areas
for many local officials' tastes.

For this reason, and because of the extent to which the Stormwater
Management Act (Act 167) redefines prior common law, this section pro-
vides a discussion of Act 167 - its provisions and potential interpre-
tation - and the other principal state statutes which relate to stormwater
management, land development regulation, and local governmental
labilities. The other four statutes of primary concern are the:

o Floodplain Management Act (Act 166-1978)
o Dam Safety and Encroachments Act (Act 325-1978)

o Clean Streams Law (specifically, the erosion and sedimenta-
tion regulations adopted pursuant to the Law)

o Municipalities Planning Code (Act 247, as amended)

These laws, in conjunction with Act 167 and the municipal codes, collec-
tively provide the legal mandates and powers to plan and implement
a comprehensive stormwater management program at the local level.

Key provisions of these five laws are highlighted here as they
pertain to the watershed stormwater plan and implementation program.
A brief overview of the Political Subdivision Tort Cldims Act, which
governs municipal governmental liability, is also included, primarily
to point out its potential relationship to municipal stormwater manage-~
ment activities. However, the comments on these laws in no way

Common law is the system of laws of any state that is based on
court decisions, on the doctrines implicit in those decisions, and
on customs and usages rather than on statutes adopted by legis-
lative action.
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constitute official legal opinions or advice on any specific case or
issue. This caveat is especially true for Act 167, since there are
presently no administrative regulations or case law to interpret the
Act. This section is simply intended to promote a better under-
standing among local officials of the legal framework for stormwater
management,

Stormwater Management Act (Act 167-1978)

There are two key sections of this Act: Section 5, which sets up
the watershed stormwater planning programs, and Section 13, which
establishes the basic standard to manage stormwater runoff so that
reasonable measures are taken to protect other persons and property. A
primary goal of this Act is to prevent future problems resulting from
uncontrdled runoff, induding flooding, erosion and sedimentation, land-
slides, and padllution and debris often carried by storm runoff. A
secondary intent is the elimination or correction of existing stormwater
and flooding problems.

Watershed Stormwater Plans

One of the Act's innovative features is the creation of a public
stormwater planning, management, and control system at the watershed
level, Stormwater plans are to be prepared by the counties for each
watershed delineated by DER. Counties must organize a watershed
advisory committee composed of representatives from the municipalities
in the watershed and the conservation district to advise the county
during the planning process. The plans are to be adopted by the
county governing bodies and approved by DER, after public review and
comment. The completed plans must be consistent with local land use
plans and state plans, such as the State Water Plan, regional water
quality plans, and floodplain programs.

After the adoption and approval of a watershed stormwater
management plan, the location, design, and construction of stormwater
management systems, obstructions, flood control projects, subdivisions
and major land developments, highways and transportation facilities,
facilities for the provision of public utilities, and facilities owned and
financed in whole or in part by the Commonwealth (including PennDOT)
must be conducted in a manner consistent with the plan (Section 11),
This provision gives the stormwater plan a definite legal status, unlike
municipal comprehensive plans which are only advisory.

Also, within six months of the approval of the watershed storm-
water management plan, each municipality in the watershed must adopt
the land use and development ordinances to implement the plan (Section
11). These regulations must be consistent with the plan, as well as
with the standards of the Stormwater Management Act. Failure to adopt
and implement the necessary ordinances could result in the State's
withholding funds from the General Fund for which the municipality
might be eligible.
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Section 13 Standard for Stormwater Management

The basic premise of the Act is that those whose activities
generate additional runoff, increase its velocity, or change the direction
of its flow are responsible for controlling and managing that runoff in
such a way that reasonable measures are taken to protect other persons
or property, both now and in the future. The Act expresses the
Commonwealth's policy to no longer condone the disregard of possible
adverse impacts of increased runoff from site development activities and
to no longer accept actions that simply shift the burden of stormwater
management to downstream property owners and/or a public body.

Section 13 of Act 167 defines the legal duties required of
developers and others engaged in the alteration of land. The prevalent
interpretation is that this section of the Act became effective
immediately upon its signing (October 4, 1978)., These new standards
essentially expand and broaden or redefine prior common law drainage
rules, Section 13 reads:

Any landowner and any person engaged in the alteration or
development of land which may affect stormwater runoff
characteristics shall implement such measures consistent with
the provisions of the applicable watershed stormwater plan
as are reasonably necessary to prevent injury to health,
safety or other property. Such measures shall include such
actions as are required:

(1) To assure that the maximum rate of stormwater runoff is
no greater after development than prior to development
activities; or :

(2) To manage the quantity, velocity and direction of
resulting stormwater runoff in a manner which other-
wise adequately protects health and property from
possible injury.

Act 167 defines persons as individuals, private corporations,
municipalities, counties, school districts, public utilities, sewer and
water authorities, and state agencies. Thus, when public agencies
build public facilities like storm sewers, roads, buildings, or utility
lines, they must comply with Section 13 standards. With this coverage,
Section 13 is a truly comprehensive standard for stormwater control.

Section 13's primary measure of sound stormwater management
is taking reasonable steps to protect health and property from possible
injury. This general duty is contained in the language which precedes
Sections 13(1) and 13(2). Therefore, the "bottom line" for stormwater
management is "take reasonable steps to protect downstream areas,"
with the section going on to prescribe two alternatives (subsections
one and two) for meeting this basic objective.
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When Section 13 is read in conjunction with other portions of the
Act, it becomes apparent that the basic yreasonable step" standard
does not stop at the perimeters of the development site or the im-
mediately adjacent properties. Rather, the intent of the Act is to pro-
tect persons and property downstream of the site as well.

Section 2 of the Act states that the Legislature found that in-
adequate management of runoff has adverse impacts on downstream
communities and that reasonable regulation of activities causing runoff
is fundamental to the public welfare, Section 3 indicates that the Act
is intended to manage runoff at the watershed level. Section 5{c¢) (1)
requires that the watershed plans contain provisions to manage storm=-
water so that an activity in one municipality does not adversely affect
persons or property in another municipality in the watershed or in
basins to which the watershed is tributary. Further, the language
in both Sections 13(1) and 13(2) implies no spatial lmitation. Sec-
tion 13(1) does not contain any language indicating. that no increase
in the maximum rate means omnly at the development site's boundary,
nor does Section 13(2) suggest that its reasonable step provision
applies only to neighboring or nearby property.

Changes in runoff characteristics, such as volume, direction, and
velocity as identified in Section 13(2), can affect a stream all the way
to its mouth, These changes may result in either an increase in the
peak rate, injury, or both at some downstream point. (Refer to earlier
discussion on basics of hydrology.) Therefore, stormwater plans and
management activities must consider the watershed impact of land alter-
ation activities, and runoff controls must be designed to protect against
reasonably foreseeable injury from the boundary of the site and down-
stream as far as the runoff impact can be determined.

Section 13(1) provides that the maximum (peak) rate of runoff
after development, for any level storm, cannot be higher than the
peak rate which would have been generated from the site before
development. By using the terminology of rate rather than volume,
Section 13(1) implies that total volume of runoff generated may increase,
but any increased volume must be retained and discharged over time
so that the pre-development maximum rate of flow will not be exceeded.
This is an important point. If the standard did not permit any increase
in wvolume, it would limit the use of many sites unless additional runoff

could be permanently stored or recharged on-site.

It is not clear whether no increase in maximum rate means only
for the site as a whole or for any point where runoff was discharged
from the site before development. However, since the purpose of
Section 13 is to protect downstream areas from changes in runoff
characteristics, and runoff characteristics include direction, it would
seem that the "no increase in peak rate" standard should apply to each
pre-development discharge point. This interpretation seems consistent
with the purposes of the Act. Peak rate of discharge from the site
as a whole could be used where runoff is discharged to a storm sewer
or public detention system.
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Section 13(2)'s purpose is to make the statutory drainage standard
more flexible. Section 13(2) permits changes in runoff characteristics,
including increased runoff rates, provided that reasonable measures
are taken to protect downstream areas from storm runoff damage. For
example, Section 13(2) permits increased rates of runoff to be dis-
charged into storm sewer systems when the storm sewers can handle
increased volumes and velocities without, in turn, adversely affecting
downstream areas.

The determination of which approach, 13(1) or 13(2), applies and
under what conditions lies with the watershed management plan. As
indicated above, the watershed plan can determine that increased runoff
rates are appropriate where adequate storm sewer systems exist,
Further, it could identify areas in the watershed where increased
rates would be beneficial to drain runoff from the area as quickly
as possible. The plan could also establish technical standards and
procedures by which site developers can determine if increasing the
rate of runoff from their sites will create adverse effects, either
immediately adjacent to the site or at some downstream location. Thus,
the watershed plans will result in a more defined and, therefore, a more
usable Section 13(2) standard. 'One of the purposes of the watershed
stormwater management planning process is to identify when and how
the strict Section 13(1) standard can and should be modified.  Once
this analysis is completed, implementing ordinances can be based on
the Section 13(2) standard. '

Vidations, Penalties, and Remedies

Section 15 of Act 167 makes any violation of the provisions of the
Act or of the watershed stormwater plan a public nuisance. A public
nuisance is a nuisance per se. This means it is a nuisance by its
very existence, and, therefore, it is not necessary to wait and see if
actual damage results, Any aggrieved person, affected municipality,
or DER can institute suits to restrain or abate a violation, such as
enjoining a municipality from making a mnegligent stormwater plan
approval, or can sue for damages caused by a vidation of the Act.
Simtlarly, an aggrieved party may be able to force a municipality (or
an official) to enforce the stormwater provisions of an ordinance by
going to court and obtaining a writ of mandamus.

The State is not subject to the penalty provisions of the Act, and
local municipalities, counties, and state agencies are protected to a
large extent from private damage suits by governmental immunity
statutes (see later discussion). The rights and remedies created by
the Act are in addition to rights and remedies which existed prior to
the Act's passage. For example, private persons can still sue for
private nuisances.

Floodplain Management Act (Act 166-1978)

The Floodplain Management Act is the companion law to the Storm-
water Management Act. Its basic purposes are to bring about a more
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intelligent use of floodplain areas and to encourage comprehensive
and coordinated programs of floodplain management. The Act requires
municipalities with floodplain areas to participate in the National Flood
Insurance Program and to enact regulations pertaining to development
in floodplain areas. The regulations enacted by municipalities must
control new construction and development, at least in accordance with
the minimum requirements established by the Federal Emergency Manage-
ment Agency (FEMA), formerly the Federal Insurance Administration
(FIA)., In addition, the Act requires a closer regulation of certain
specific kinds of development in floodplain areas because of the
special danger they may pose during times of flooding.

Under the federal flood insurance program, any proposed develop-
ment must receive approval prior to construction certifying that the plan
complies with the local floodplain regulations. Floodplain permits should
not be granted until all other permits, such as obstruction permits,
have been received, Further, they should not be granted unless
the proposal is consistent with the stormwater plan for the watershed,
Through this interrelated permitting process, Act 166 encompasses a
comprehensive control of all activities in a floodplain. It ensures

compatibility among the actions governed by the different laws.

Preserving natural floodplains is a key part of effective storm~
water management. Natural flood areas should be maintained as part
of the watershed's natural stormwater control system.  Similarly,
future stormwater management programs will help to preserve flood-
plain areas and ensure that properties which are not now subject to
flooding do not become so in the future.

Dam Safety and Encroachments Act (Act 325-1978)

This Act replaces several older dam safety and obstruction laws.
It regulates the constr&ction, alteration, operation, maintenance,
or abandonment of dams,“ obstructions, encroachments, fill in flood-
plains, culverts, bridges, retaining walls, and outfalls (e.g., of storm
sewers) in a stream or floodplain (100-year). Owners of both new
and existing structures must obtain permits from DER, and permitiees
are required to inspect, maintain, and repair their obstructions
annually, For example, culvert owners must inspect them annually and
remove silt and debris if the carrying capacity is reduced by ten per-
cent or more, (Regulations, Section 105.171). The Act's provisions
apply to private persons (and corporations) as well as to public
agencies, .

When issuing permits, the regulations [Section 105.14(a)}(9)] re-
quire DER to consider the project's consistency with state and local

In some cases, larger retention/detention facilities may qualify
as dams under the definition of the Act and regulations and,
therefore, may require a permit from DER.
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floodplain and stormwater management programs. Presumably, this
includes the provisions of Act 167. Also, once the watershed storm-
water plan is approved, DER would review obstruction permits in
light of the plan's standards and criteria. In addition, local munici-
palities should not issue building permits until the necessary obstruc-
tion permits are obtained.

As with the Stormwater Management Act, vidlations of the Dam
Safety and Encroachments Act are treated as public nuisances. There-
fore, municipalities can sue to enjoin or abate the nuisance or they can
make necessary repairs and assess costs against the property. A
private person also can sue on a private nuisance. DER can issue
orders to permittees and landowners to correct a violation of the Act
or permit. Failure to comply can expose the wvidlator to dvil and
criminal penalties. This provision includes municipalities and counties
when they are the pemmittee for a structure, If DER does not sue to
correct the violation of the Act, an "affected municipality" may sue in
the name of the Commonwealth, An affected municipality includes one
where the violation occurs or where damage or injury results. The only
limitation on these suits is that the municipality must give the State
Attorney General thirty days notice of the municipality's intent to act.

Clean Streams Law (Erosion and Sedimentation Regulations)

The Clean Streams Law of 1937, as amended, empowers DER to
control water pollutants, and since its original enactment, the Law's
scope and duties have expanded substantially. In 1972, DER determined
that sediment is the single greatest pollutant, by volume, in Pennsyl-
vania waters, and it promulgated regulations for the control of erosion
and sedimentation caused by earthmoving activities. DBecause storm-
water runoff carries and deposits sediment, control of erosion and
sedimentation and stormwater management are interrelated. Also,
sediment reduces the carrying capacity of watercourses and structures
(e.g., culverts) and the holding capacity of natural and artificial
stormwater facilities.

State regulations require all earthmoving activities to have erosion
and sedimentation control plans, but only sites greater than twenty-five
acres (except agriculture) must cbtain permits prior to commencement.
In Delaware County, the Conservation District administers the erosion
and sedimentation regulations up to level V (does not include legal
enforcement) for DER. Many local municipalities also have their own
erosion and sedimentation ordinances which supplement the state regula-
tions.

Erosion and sedimentation plans must consider all factors which
might contribute to increased erosion during and after land distur-
pbance activities, Plans should include both temporary and permanent
control measures as well as a maintenance program for all control
facilities. Since many of these temporary facilities can also serve as
permanent stormwater runoff control measures, it is important that
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erosion/ sedimentation and stormwater management controls be designed
and reviewed as a package.

The Clean Streams Law and erosion and sedimentation regulations
predate the Stormwater Management Act and, therefore, do not specific-
ally mention the Act. However, it can be assumed that erosion and
sedimentation controls should be consistent with the Stormwater Manage-
ment Act and an approved watershed stormwater plan. Since the
erosion and sedimentation controls could affect stormwater runoff
management for the site, they would have to comply with Act 167
standards. Also, the Dam Safety and Encroachments Act requires
that cbstruction permits comply with the Clean Streams Law, including
the erosion regulations, which in turn must be consistent with storm-
water management programs.

DER has major administrative and regulatory responsibilities for
implementing the Clean Streams Law. DER may issue enforcement
orders, and failure to comply with an order is a nuisance and exposes
the violator to abatement actions as well as civil and criminal penalties.
DER or an affected municipality may sue to abate or restrain a vida-
tion of the law (i.e., erosion regulations). Again, a municipality can
act in the name of the Commonwealth after due notice to the Attorney
General. : :

A municipality (or authority), when it is performing a proprietary
function (e.g., constructing a road or a sewer), is also subject to the
state erogion and sedimentation regulations. If the municipality fails
to comply, then DER or another affected municipality may sue to abate
the vidlation of the regulations and the Clean Streams Law.

Municipalities Planning Code (Act 247, as amended)

The relevance of the Municipalities Planning Code {(MPC) to the
stormwater management program is that it is the enabling legislation for
municipalities to adopt and enforce zoning, planned residential develop-
ment (PRD), subdivision and land development (§/LD), and official
map ordinances. These ordinances will be the principal todls used by
the municipalities to implement the watershed stormwater management
plan. The various municipal codes (borough, township, city) authorize
communities to adopt building and/or housing codes pursuant to their
health, safety, and general welfare powers.

Where stormwater is being regulated for a land use or development
activity that properly falls within the scope of one of the Planning Code
authorities (e.g., zoning, S/LD, etc.), then the stormwater controls
(regulations) should be incuded in the appropriate ordinance. Zoning,
S/LD, PRD, and building ordinances regulate different and distinct
aspects or parts of the land use and development process. Therefore,
a comprehensive development regulation system requires, in most
cases, the utilization of all three types of ordinances.
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Municipalities with existing zoning, S/LD, or building ordinances
could include stormwater provisions in one ordinance {(most properly
the S/LD) and then reference these stormwater management require-
ments in the other ordinances., This is essentially the approach pre-
sented in this plan. Cross-referencng the various ordinances is im-
portant as it makes ordinance administration less confusing for local
officials, and it helps applicants to determine exactly what is required
of them.

If a community utilizes a separate, single-purpose stormwater
ordinance, the ordinance should be clearly referenced in the appropriate
sections of the municipality's zoning, S/LD, PRD, and building
ordinances. Also, the preamble of a separate stormwater ordinance
should indicate that it is being adopted pursuant fo the Municipalities
Planning Code, Stormwater Management Act, and applicable sections
of the municipal code. When a development activity is within the scope
of the MPC, then the municipality should be sure to fdlow the various
plan review processes and other administrative procedures prescribed
in the MPC, including the procedures for enacting and amending
zoning and development regulations. The inclusion of specific pro-
cedural requirements in the MPC clearly demonstrates the Legislature's
concern that all development applications be given a fair and timely
review. Since most stormwater management activities will relate to
zoning, subdivision/land development, PRD, or building applications,
the stormwater reviews should adhere to the procedures required by
the respective ordinances. '

Governmental Tort3 Immunity

Municipal immunity is a concern to local communities and officials
who will be adopting and implementing stormwater management regula-
tions. Also, state and municipal immunity statutes have been the
subject of recent changes and litigation. This section summarizes the
basic scope of the new (1979) Political Subdivision Tort Claims Act,
which applies to local municipalities, and its potential relationship to
municipal stormwater management issues. Municipal officials, of course,
will have to be guided by the advice of their solicitors on potential
liabilities as specific cases or situations arise.

The concept of governmental immunity comes from English common
law which developed the doctrine that "the king could do no wrong."
After the colonies won their independence, this doctrine was extended
to the new "sovereigns," the federal and state governments. Since
local governments were agents of the states, they also became invested
with governmental immunity. '

A tort is a wrongful act, damage, or injury done willfully,
negligently, or in circumstances involving strict liability, for which
a cvil lawsuit can be brought.
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In 1973, after a series of decisions limiting municipal immunity,
the Pennsylvania Supreme Court abolished the doctrine, This was
the situation until 1978 when the Legislature passed the Political
Subdivision Tort Claims Act (effective January 24, 1979)., The Act
reestablishes municipal immunity with certain statutory excep tions,
(The provisions of this Act have been amended and recodified in 42
Pa, C.S. 8501 et seq.)

The Tort Claims Act applies to municipalities (induding their
agencies, commissions, and departments), municipal authorities (evges
sewer and stormwater authorities), and counties. It limits the liability
of political subdivisions for the torts of their agencies, appointed and
elected officials, and employees. Under the Act, a municipality cannot
be liable for damages caused by the negligence of an officer, employee,
or agent unless all three of the following preconditions are met (see
Section 8542):

o Damages would be recovered under common law or a statute
if the defendant was not a municipality.

0 The injury was caused by the negligence of the municipality
or its officer, employee, or agent operating within the scope
of ‘his or her office or employment.

o} The negligent acts or omissions by a local agency or its
officer or employee fall within eight specified categories
of activity. The specified categories are:

(1) Operation of a motor vehicle

(2) Care, custody, and control of personal property of
others

(3) Care, custody, and contrd of real property in the pos-
session of the local agency

(4) Dangerous condition of ftrees, traffic signs, lights, or
other traffic controls under care, custody, or control
of the local agency

(5) Dangerous condition of stream, sewer, water, gas, OY
electric systems owned by the local agency

(6) Dangerous condition of streets owned by the local agency

(7) Dangerous condition of sidewalks within the right-of-way
of streets owned by the local agency

(8) Care, custody, and control of animals within the pos-—
session of the local agency [Note: The numbers used
here correspond to the numbering of these categories
under Section 8542(b).]
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Categories (4) through (7) above are further conditioned by the re-
quirement that a plaintiff must prove that the local agency had actual
notice or could reasonably be charged with notice of the dangerous
condition at a sufficient time prior to the event to have taken measures
to protect against the danger.

It is important to note that the Tort Claims Act limits municipal
lHability to eight express areas of activity. If an activity does not
fit into any of the eight categories, then it appears that the munici-
pality is not subject to any Hability, For example, a municipality does
hot seem to be liable for damage caused by runoff from a development
constructed according to subdivision plans negligently approved by
municipal officials or employees. Under the Tort Claims Act, failure
to use .reasonable care (i.e., negligence) in the plan review and
ordinance enforcement process does not fit into any of the eight cate-
gories, Therefore, even though there was negligence on the part of
the officiad in performing the duty prescribed in the subdivision
regulations and injury may have resulted, the Act appears to prevent
the mmjured party from recovering damages from the municipality.
Before the effective date of the Tort Claims Act, the case law in Penn-
sylvania would have imposed Hability on the municipality in this situa-
tion.

Although other state acts, such as Act 167, appear to create
municipal lability, the courts would read the acts in conjunction with
the Tort Claims Act. Unless the court finds a dear, express Legisla-
tive intent to impose lability, the Tort Claims Act would control since
it directly addresses this issue. An affected municipality (or aggrieved
person), under Section 15(c) of the Stormwater Management Act, could
seek to enjoin a municipality from taking an action, such as a negligent
plan approval, because such action was a violation of the Act. Sim-
jlarly, an aggrieved party might be able to force the municipality (or
official) to enforce the provisions of an ordinance by going to court
and obtaining a writ of mandamus. Still, in either case no damages
could be obtained from the municipality by an injured party.

Under the Tort Claims Act, however, there may be activities in-
volving stormwater management where a municipality might be exposed
to liability., A municipality or municipal authority might be liable for
damage caused by its public storm sewer system. (Under Paragraph
g542(b) (5), a "sewer" system would probably incdude storm sewexrs
and would definitely include a combined system.) This could occur
where the system did not meet the standards set out in the Stormwater
Management Act. Another area of Hability could involve road support
structures like culverts and bridges. The Tort Claims Act states that
municipalities may be lable for an injury caused by a dangerous con-
dition of its streets (category 6 above). If "streets" includes culverts
and bridges supporting them, a culvert or bridge which did not meet
the requirements of the Dam Safety and Encroachments Act or the
obstruction permit could expose the municipality to action for damages.
An example would be damages resulting from backwater flooding due to
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failure to dlean culverts or undersized culverts under a municipal
street. |

The final area of tort immunity is that immunity given to public
officials, employees, and agents themselves. Sections 8545 and 8546
of Title 42 Pa. C.S, generally codify the common law rule with respect
to official immunity. These sections provide that an elected and
appointed officer, employee, and agent when carrying out official
duties (i.e., when acting within the scope of his or her employment)
is liable for damages caused by his or her negligence only to the same
extent as is the governmental unit (i.e, provisions of Paragraph 8542
of the Tort Claims Act are applied to public officials). This coverage
does not extend to independent contractors under contract with the
governmental unit where the unit has no right of control. This could
be the case for many consulting engineers.

Finally, the Tort Claims Act only protects municipalities and their
officials from private lawsuits. It does not protect them from enforce-
ment orders issued by a state agency or from any criminal penalties
provided by a state statute. Both the Dam Safety and Encroachments
Act and the Clean Streams Law provide for DER enforcement orders and
criminal penalties for violation of the statutes.
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CHAPTER III

EXISTING AND PROJECTED FUTURE
WATERSHED CHARACTERISTICS

General Description of the Ridley Creek Watershed

The Ridley Creek watershed is located in the southeastern corner
of Pennsylvania. The stream begins in the Piedmont Plateau in Chester
County and discharges directly to the Delaware River in the Coastal
Plain in Delaware County. The total drainage area is about 38.5
square miles, 21 of which are within Delaware County. Elevations
range from nearly six hundred feet National Geodetic Vertical Datum
(NGVD) at the headwaters in Chester County to zero feet NGVD at
the mouth. The watershed may be characterized as long and narrow,
its length being over six times its average. width, The largest trib-
utaries to RidJey Creek in Delaware G%unty include Stackhouse Mill
Run (2.35 mi“), Dismal Run (1.5 mi“), an unnamed tribéltary in
Ridley Creek State ark (1.49 mi”), Vernon Run (1.23 mi”), Cold
Spring Run (0,80 mi“), and Broomalls Run (0,68 mi“). The lower-
most two miles of the main stem, from Irving's Mill Dam just down=
stream from Providence Road (Route 320) to the mouth of the creek
at the City of Chester/Eddystone Borough boundary, are tidal. The
Ridley Creek watershed contains portions of twelve municipalities in
Delaware County. Large portions of the watershed are established
as natural and recreational areas in Tyler Arboretum and Ridley Creek
State Park.

Using forms prepared by the Pennsylvania Department of Environ-
mental Resources (PA DER), Division of Stormwater Management, a sur-
vey was taken to obtain information from each municipality with regard
to stormwater related problems, significant obstructions, existing and
proposed flood control projects, stormwater control facilities, and storm-
water collection facilities. Copies of the survey forms are provided in
Appendix A, The results of the municipal survey were used to spedfy
points of interest at which the technical analyses performed in this
study were targeted to characterize, in general, current patterns and
practices of handling stormwater in the watershed.

Floodplains

The 100-year floodplains of Ridley Creek and its tributaries have
been delineated in the flood insurance studies prepared by the Federal
Emergency Management Agency (FEMA) under the National Flood In-
surance Program for the twelve municipalities in Delaware County
(FEMA, 1975-1981). Detailed mapping of those floodplains is available
in each municipality and at the Delaware County Planning Department
(DCPD) and was not reproduced for this report. Fluvial flooding
can occur along the entire length of the main stem, Tidal flooding
or coincidental fluvial-tidal flooding may occur from the mouth up-
stream to the Route 320 bridge between the City of Chester and Nether
Providence Township., A detailed study of flooding potential and
damages has recently been performed by the U.S. Army Corps
of Engineers (COE) (U.S. Army COE, 1982), The floodplain on the
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portion of the main stem within Ridley Creek State Park was not de-
lineated in the flood insurance studies for Edgmont and Upper Provi-
dence Townships. Delineation of that floodplain was made in a COE
Floodplain Information Report on Ridley Creek in Delaware County
(U.S. Army COE, 1970).

The floodplains delineated in the flood insurance studies are
recognized and used by the twelve municipalities to regulate land
alteration activities (i.e., construction) in those areas. Adoption
of the necessary ordinances was required by the Pennsylvania Flood-
plain Management Act (Act 166, 1978). The results of detailed hydro-
logic and hydraulic analyses performed to delineate those floodplains
were acknowledged and used as described herein in the technical work
performed for this study to ensure compatibility with the Pennsylvania
Floodplain Management Program. :

Water Obstructions

Water obstructions are man-made or natural encroachments on a
stream which affect its free flow during times of normal and/or flood
flows. Examples of water obstructions indude dams, bridges, cul-
verts, retaining walls, and storm sewer outfalls. Preparing a list of
a1l such encroachments on Ridley Creek and its tributaries was beyond
the scope and intent of the project. Table III-1 lists dams, bridges,
and culverts which are major obstructions on the main stem and several
tributaries of Ridley Creek. These obstructions were considered
major with respect to the drainage area above them and their effect
on flood elevations. Several other bridges crossing Ridley Creek were
not found to significantly obstruct flood flows. Many small bridges and
culverts cross the smaller tributary streams and drainageways. Those
reported to be problematic in the municipal surveys are discussed later.

Information on the capacity of the major obstructions listed in
Table III-1 was obtained from background documentation on PA DER
water obstruction permits issued for those structures. Unfortunately,
that information was not available for all of the obstructions that were
identified as being significant.

Flood Contro Projects

There are currently no flood contra projects in the Ridley Creek
watershed and no plans for such projects. In a recently completed
investigation of flooding in the tidal portion of Ridley Creek, the u.s.
Army COE found that the costs of potential flood control projects ex-
ceeded the anticipated benefits from reduced flood damages in the study
area (U.S. Army COE, 1982). A federal flood control project, there-
fore, could not be justified.

High flood level tides were found to play a significant role in
causing flood damages, especially during combination fluvial and
tidal flooding events. Good stormwater management practices can keep
fluvial flooding from worsening. The existing hazard of tidal flooding,
however, will not be reduced.
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Stormwater Collection Facilities

As part of the municipal survey, officials were asked to identify
all stormwater collection facilities exceeding twenty~-four inches in
diameter. Given the relatively suburban nature of most of the water-—
shed, extensive drainage systems of large diameter pipes were not
identified. Details on the facilities within the more urban City of
Chester were not obtained. Throughout most of the watershed, storm
sewer systems serve relatively small areas, primarily for safety and
convenience. Natural drainageways and stream channels are used to
convey runoff toward the main stem of Ridley Creek. As a result,
storm sewer collection facilities did not play a significant role in the
selection of subarea breakpoints or travel times (see a detailed dis-
cussion of this in Chapter IV). Those breakpoints were located
primarily at reported problem locations along natural drainage channels.

Stormwater Management Facilities

Some type of stormwater management has been practiced by most
municipalities in the watershed since the mid-1970s. As a result,
eighteen detention basins were identified in the watershed. This
information was obtained through the municipal survey and with the
help of personnel from the Delaware County Conservation District.
The basins are listed in Table III-2, along with their location and
ownership, The location of each is also shown on Plate No. 2, attached

to this wvolume,

For the most part, the basins have been constructed in conjunc-
tion with new commercial or residential development and are dispersed
throughout the watershed. The ownership and maintenance responsi-
bilities for the basins vary. Two basins are owned by the municipalities
in which they are located. One of the communities, Brookhaven
Borough, indicated that at least two more municipally owned basins are
proposed for future construction to help solve existing and anticipated
problems. Aside from two other basins owned by a school district, the
remaining facilities are privatdy owned. Private owners vary and in-
clude developers, development corporations, homeowners' associations,
corporate property owners, and individual owners on whose property
the facility is located.

The performance of a detention basin or other stormwater manage-
ment facility will depend on its design, construction, and maintenance.
Given the fact that the basins are located in different municipalities,
the design criteria for each basin most likely varied. Construction
of stormwater facilities according to design plans is not always accom-—.
plished, especially when actual on-site conditions vary from those ex-
pected. Municipal inspection of facilities during construction can help
ensure that appropriate revisions to the original design are made as
necessary, The performance of a properly designed and constructed
stormwater management basin will then become a sole function of its
maintenance., Proper maintenance, at the same time, is very much a
function of its ease and cost, both of which need to be considered
in the original design and subsequent redesigns of the facility.
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TABLE III-2

EXISTING DETENTION BASINS IN THE
RIDLEY CREEK WATERSHED

Chesgter Pike, west
of Providence Road,
Edgmont Township

37

No. Owner Location Subarea
DB-1 Nether Providence Wiltshire Drive and Moore 57
Township Road, Nether Providence

Township
DB-2 Brookhaven Borough Hilltop V Condominiums, 56
Brookhaven Borough
DB-3 Plaza 352 Corporation Plaza 352, Brookhaven 85
Borough
DB-4 Lot Owner Highland Avenue, Upper 43
Providence Township
DB-5 Lot Owner Sycamore Mills Road, 38
Kelly Lane II, Upper
Providence Township
DB-6 Unknown Villages of Rose Tree, 38
Rt. 252 and Rose Tree
Road, Upper Providence
Township
DB~-7 Rose Tree-Media School Springton Lake Junior EL
DB-8 District High Schod, Upper
Providence Township
DB-9 lima Estates Rt. 352 across from Fair 31
DB-10 Acres, Middletown Town-
ship
DB~11 Toft Woods Home- Bishop Hdlow Road and 27
DBE-12 owners' Assodation Toft Woods Way, Upper
‘ Providence Township
DB-13 Ccld Spring Farms Valley Road, north of )
Homeowners' Assod- Rt. 352, Edgmont Town-
ation ship
DB-14 Okéhocking Hills Home- Stackhouse Mill Road, 9
owners' Association east of Valley Road,
Edgmont Township
DB-15 Unknown Pier-Angeli Company, 16
West Chester Pike, west
of Providence Road,
Edgmont Township
DB-16  Henderson-Lawrence Edgmont Racquet Club, 16
DB-17 Corporation West Chester Pike, west
of Providence Road,
Edgmont Township
DBE-18 Providence Associates Edgmont Plaza, West 16



As a supplement to the information obtained from the municipal
survey, an inventory and evaluation of existing stormwater control
facilities was performed by the Delaware County Conservation District.
A copy of the District's report is included in Appendix B. In all,
eighteen facilities were examined in the field in order to determine
their actual construction and maintenance characteristics, The con-
clusions drawn in the report are that, under existing institutional
arrangements, the existence and location of stormwater management
facilities have not been adequately documented, the maintenance of
the facilities found is limited (with a few exceptions), and no regula-
tory procedures are in effect to ensure that the owner can and will
maintain the facility properly.

A comprehensive watershed stormwater management plan can and
should address the issues of design, construction, and maintenance
of stormwater management facilities. The design should have a uniform
basis throughout the watershed and reflect considération for the re-
quired maintenance. Institutional arrangements need to be included in
the watershed plan to ensure that proper construction and maintenance
are performed. '

Stormwater Related Problems

Perhaps the most useful information obtained from the municipal
gsurvey for use in the technical analysis of the watershed was the
identification of existing stormwater related problems. Save for main
stem flooding at the Media Water Works and in the vicinity of some older
bridges in the City of Chester, the problems reported were restricted
to areas along the many small tributaries of Ridley Creek. Table III-3
lists the nature and location of problems reported. Their locations are
also shown on Plate No. 2. The locations of many of these stormwater
related problems were used to define subarea breakpoints, i.e., points
where stormwater runoff flow values are of interest.

The nature of stormwater related problems varies. Inadequate
drainage facilities are a repeated cause of property damage. This is
primarily due to minor flooding and erosion resulting from the obstruc-
tion of the flow of stormwater runoff. The term "inadequate drainage"
appears to be a "catch-all' term describing a lack of drainage facilities
or undersized storm sewer systems, Obstructions include insufficient
culverts and bridges and channels which are at least partially blocked
by debris.

The municipal survey also sought information on proposed solutions
to existing stormwater related problems. Although responses were pro-
vided by only a few of the municipalities, these responses helped to
better define the real nature of the problems being reported. This
information was used to break the watershed down into the subareas
which drain to those problem locations or points of interest. The
stormwater runoff flow rates which have been calculated for existing
conditions at those locations could be used in the analysis of the
problems and design of remedial solutions. Table III-3 lists the
pertinent subarea which is associated with the particular problem area
that was identified.
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Land Development Patterns

Development patterns in the County have been strongly influenced
by the radial orientation of highway and transit facilities extending out
from Philadelphia. Except for intensive development around the City
of Chester, population growth in the watershed first occurred along
these radial paths, later filling in the areas between these pockets of
development. Consequently, concentrated development initially occurred
in the Chester area in the southern portion of the basin and in the
Media area in the central portion of the watershed rather than moving
progressively upstream from the Delaware River.

The major thrust of environmental planning in the County in the
early 1970s revolved around the philosophy of regionalized sewerage
systems. The County's Sewerage Facilities Plan and the Delaware
County Regional Sewerage Project called for construction of a major
interceptor from a new regional treatment plant in Chester all the way
up Ridley Creek into Chester County. The County's land use plan
acknowledged these plans but warned that they should be reevaluated
since they were not based on the framework of a County land use plan
and used unrealistically high population projections.

This concept of regionalized sewerage systems was reevaluated
under the COWAMP/208 Plan and found to be undesirable. Construc-
tion of the upper Ridley Creek interceptor and the phase-out of the
Media Borough sewage treatment plant were no longer recommended
as part of the plan. Construction of the lower Ridley Creek interceptor
has since been abandoned as well, due to funding cutbacks. Thus,
there are currently no major sewer construction projects pending in the
watershed. Since availability of public sewer systems is basic to large-
scale development, the current status of these proposals does suggest
that there are significant constraints on an intensive development
scheme taking place in the watershed in the foreseeable future.

The existing pattern of development in the watershed indicates
that the southern portion of the basin is close to a "built-out" con-
dition. Minimal amounts of vacant land remain in this portion of the
watershed., The northern part of the watershed, on the other hand,
has potential as a population growth area with sizable areas of open
space and vacant land available.

The County's land use plan calls for an orderly approach to de-
velopment with future patterns of growth involving recentralizaton,
infill, and growth contiguous to existing development. While the
policies of the land use plan are meant to guide future growth, it
is impossible to say with absolute certainty to what use a parcel will
be put at a given time in the future. Nonetheless, to carry out the
modeling analysis and meet the guidelines of Act 167, it was necessary
to make assumptions as to what was likely to occur in the future on a
parcel-by-parcel basis. The municipal zoning ordinances were relied
on to predict these future conditions. Development at a built-out state
was projected for the watershed, according to densities and uses
allowed by current zoning, The only areas that were assumed not
to be developable were the existing parks, floodplains, and slopes in
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excess of fifteen percent. Since protection of their environmentally
sensitive areas has become an important concern to most municipalities,
and many have taken steps in this direction through their ordinance
and regulatory structure, it was felt that this was a valid approach
to pursue.

Floodplain Development

DCPD performed an inventory of floodplain development within
the Ridley Creek watershed. The majority of the development which
currently exists within the delineated 100-year floodplain of Ridley
Creek and its tributaries has occurred in the southernmost portion of
the watershed in the City of Chester, Eddystone Borough, and Ridley
Township. The floodplain in that portion of the watershed is, in
general, broader and flatter and also subject to flooding due to both
flood flows and high tides. Throughout much of the rest of the water-
shed the floodplain is narrow with steep valley walls which have
restricted development, In those areas of the upper watershed
where the floodplain is broader, the rural nature of the areas has
kept development out of the floodplain. The upper stream valley
generally lies either within Ridley Creek State Park and other public
properties or within the boundaries of large estates. Dévelopment
in the future is currently limited by municipal ordinances to areas
outside the designated floodplain. The following is an inventory of
existing development falling within sections of the Ridley Creek flood-
plain.

Edgmont Township

- Very low density development west of Pheasant Lane in the
northeastern sector of the Township

- Sections of Okehocking Hills and Cold Spring Farms subdivi-
sions

Upper Providence Township
- Sections of Foxdale Farms and Tymberwyck subdivisions
Rose Valley Borough

- No significant development aside from a few homes constructed
near Rose Valley Road and the Borough Hall (Old Mill)

Nether Providence Township

- The neighborhoods of Garden City and Scot Glen are slightly
developed within the floodplain of a tributary of Ridley Creek

Eddystone Borough

- Residential and industrial uses west of Eddystone Avenue
bordering Ridley Creek
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Chester City

- The northeastern sectors of the neighborhoods of Sun Village
and Morton Avenue Village

- Primarily heavy indus trial development east of the Conrail
tracts is completely within the floodplain of the Delaware
River .
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CHAPTER 1V

TECHNICAL APPROACH FOR WATERSHED
STORMWATER MANAGEMENT

The technical approach selected for this pilot stormwater plan was
structured to respond to Act 167 and PA DER draft guidelines for
stormwater management planning., As stated previously, Sections 5
and 13 of the Act establish the basic standard that the maxi-
mum rate of runoff is no greater after development than prior
to development activities or that reasonable steps are taken. to
protect downstream areas. Specific standards and criteria for achieving
this stormwater management objective in the Delaware County portion of
the Ridley Creek watershed were developed in a logical manner as part
of this pilot watershed planning study.

The technical program that led to the identification of the standards
and criteria for the Ridley Creek watershed involved the collection of
data describing existing and future land uses, soils, slopes, stream
channel characteristics, floodplains, water obstructions, and storm-
water or flood related problems in the Delaware County portion of the
watershed. From that data base, a "model" of watershed stormwater
runoff flows, reflecting these physical characteristics an4d conditions,
was developed using the Penn State Runoff Model (PSRM).

This chapter presents the details and characteristics of this
"model development" process and describes the methodologies and
procedures that were used to: ‘

o develop design storm information
o model existing runoff conditions
o model future runoff conditions

Overview of the Penn State Runoff Model

Watershed-level planning represents a fairly new direction for
stormwater management and involves a complex process of goal setting,
problem identification, _and decision making. The key aspect of any
planning program that leads to the decision-making step is the de-
velopment of a sound data base. That is, the only way to be able to

Lakatos, David F. (Walter B. Satterthwaite Associates, Inc.) and
Aron, Gert (The Pennsylvania State University), "Penn State Run-
off Model-User's Manual," June, 1981 Version, Institute for Re-
search on Land and Water Resources, The Pennsylvania State
University, University Park, Pennsylvania, June, 1981.
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accurately plan for future control of storm runoff impacts is to develop
accurate facts concerning future storm runoff characteristics.

The method that has been used to provide these facts for the
development of this watershed stormwater management plan is runoff
gimulation modeling. Computer simulation models are very effective
tools for analyzing the effects and impacts of stormwater runoff in
urbanizing areas. Computer technology now provides the engineering
profession with the ability to evaluate the critical elements of the rain-
fall-runoff process for an urbanizing area, such as the timing of runoff
flows throughout the watershed and the specific characteristics of de~-
tention and/or delay of runoff in various sections of a watershed. It
is only by evaluating these types of situations as part of an overall
stormwater management analysis that an effective runoff control system
can be developed.

The particular runoff simulation model that has been used for this
watershed planning project is the PSRM. Use of the PSRM in Pennsyl-
vania is Increasing because of its ability to provide a cost-effective
tool that can be used to evaluate stormwater management alternatives
for any application, regardless of its size. In addition, it is a model
that can be applied on a watershed basis to tie together several in-
dividual analyses into one coordinated stormwater management plan.
This capability satisfies the needs of comprehensive stormwater planning,
such as is being proposed in Pennsylvania's new Stormwater Management
Act (Act 167},

The PSRM simulates rainfall-runoff events on the basis of the
following information:

o Rainfall inputs:
- rainfall amounts for particular design storm events

- rainfall distribution, or pattern, during the course of a
particular design storm event

o Watershed representation:

- physical characteristics of the watershed, such as land
use and slope data

- conveyance system characteristics, such as drainage pipe
and stream channel capacities

- detention basin storage characteristics
Based on this input, the model predicts the outcome of the storm in
the form of runoff hydrographs for each subarea in the watershed
as well as for the cumulative sum of storm runoff as it passes through

the watershed.

The most important information that is provided by the PSRM,
which can be used to make sound stormwater management decisions,
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includes:

o The identification of the source of storm flows that combine
in the downstream portion of a watershed and cause existing
damages

o The identification of the change in existing storm runoff
problem areas that will result from proposed future develop-
ment

o The potential benefits that could be achieved through the use
of various stormwater  management alternatives--which
ultimately leads to the identification of the "best" alternative
for satisfying stormwater management goals In a watershed

Design Storms

Design rainfall events, or design storms, are defined and selected
to provide a uniform basis for analysis of the flooding and runoff
characteristics throughout an entire watershed. A design storm is
identified by three basic properties:

o return period or frequency,
o duration, and
o rainfall distribution. .

Frequency, or return period, refers to the likelihood of occurrence of
the event in any year based on statistics from recorded events. A
ten-year storm, for example, has a ten percent chance of occurring
in any year, or may be expected once in every ten years. Duration
refers to the length of time of rainfall in the event and is usually
expressed in hours. It is equally important te know the pattern of
rainfall distribution during the event in terms of the rainfall intensity
during any time interval of the storm, Intensities are typically ex-
pressed in units of inches per hour.

Act 167 does not specify return periods to be used in the manage-
ment of stormwater runoff. The stormwater management guidelines
prepared by PA DER recommend that a complete flood frequency analysis
ranging at least from a 2-year to a 100-year flood for both pre- and
post-development conditions be performed in order to develop sound
design frequency criteria for stormwater management. No state-level
criteria have been adopted for stormwater management measures, SO,
therefore, they must be adopted by each municipality in accordance
with approved watershed plans, The design storms selected for use
in analysis of the Ridley Creek watershed were the 2-, 10-, 25-, and
100-year rainfall events.

A review of existing municipal ordinances in the watershed in-
dicates that storm sewer collection systems are currently designed for
up to the l0-year storm. There appears to be no guarantee, however,
that individual development sites are being designed such that peak
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flows from more severe events (e.g., the 25- or 100-year events),
which exceed the capacity of storm sewer systems, will reach a storm-
water runoff contrd facility. 1f the drainage plan for a developing site
is not designed to direct the runoff from larger storm events to control
facilities, it is inappropriate to size control facilities for such infrequent
events. '

Stormwater drainage systems (e.g. storm sewers, swales, etc.)
must be designed so that all of the runoff from the desired design
storm event from portions of the development site to be controlled by a
facility can flow into the facility for proper control. For the Ridley
Creek watershed in Delaware County, the selected design storm for this
plan is the 25-year recurrence interval event. Therefore, the drainage
system for a development site must be able to convey the peak runoff
rate for the 25-year design storm event to the appropriate control
facilities.

In this stormwater management study, consideration has been given
to the impacts of expected increased runoff at points of concern and
interest all along the main stem of Ridley Creek and its tributaries in
Delaware County. The impact of development has been examined for
the 2~, 10-, 25-, and 100-year storm events. The effects of providing
adequate storage and control of post-development peak discharges for
the 10-, 25-, and 100-year frequency storms have also been in-
vestigated.

The Soil Conservation Service (SCS) 24-hour, Type II storm dis-
sribution was used to specify the pattern of rainfall for all design storm
events as input to the watershed model. Figure IV-1, taken from S5CS
Technical Publication No. 149 (SCS8, 19737), shows the distribution of
the Type 1I storm. The total 24-hour rainfall depths for each return
period were obtained from the "Pennsylvania Rainfall Manual" (Kerr,
et a].-, 1970 )- .

The Type 1I distribution is used in the,hand calculation methods of
SCS's Technical Release No. 55 (SCS, 1975°), which is widely used for
determining pre- and post-development runoff and for sizing stormwater
management facilities. The results of the watershed modeling performed
with the PSRM for this study can thus be considered to be compatible
with results that would be obtained on individual sites using TR~-55
techniques, In order to ensure that peak flood flows reflect con-
tributions from the entive watershed, it 1s necessary that a storm

Soil Conservation Service, "A Method for Estimating Volume and
Rate of Runoff in Small Watersheds," Technical Publication No.
149, U.S. Department of A griculture, Washington, D.C., 1973.

Kerr, R.L., McGinnis, D.F., Reich, B.M., and Rachford, T.M.,
" Analysis of Rainfall-Duration-Frequency for Pennsylvania," Insti-
tute for Research on Land and Water Resources, The Pennsylvania
State University, University Park, Pennsylvania, 1970.

Soil Conservation Service, "Urban Hydrology for Small Watersheds,"
Technical Release No, 55, U.S. Department of Agriculture, Wash-
ington, D.C., 1975.
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duration be used which is at least as long as the total travel time to
the mouth of the stream from the hydraulically most upstream point in
the entire watershed. The 24-hour duration was found to be longer .
than the travel time required for the peak flood flow for all events
to reach the mouth of Ridley Creek.

Model of Existing Conditions

Development of standards and criteria for stormwater management
in the Delaware County portion of the Ridley Creek watershed was
done using a computer simulation model which reflects the specific
runoff characteristics of the watershed. The PSRM provided a "tool"
for computing flow rates at desired points throughout the watershed
under existing and future development conditions. The use of the
simulation model allowed for the evaluation of runoff resulting from
rainfall events of any magnitude and the evaluation of alternative
concepts and systems for the contral of increased runoff from those
events.

Selection of Subarea Breakpoints

The initial step in the construction of the watershed model was
the selection of "breakpoints.! Breakpoints are locations along drainage
paths, i.e., along Ridley Creek or any of its tributaries, identified
and/or selected because they are considered to be of interest for a
variety of reasons. In the Delaware County portion of the watershed,
breakpoints were selected based on:

I} The location of existing problems, as. identified by local
officials in the PA DER survey,

o Municipal, county, and state park boundaries,

e} The location of major obstructions, primarily bridges and
Broomalls Lake dam,

0 Other key points of interest, especially the Media Water
Filtration Plant and the USGS stream gaging station in
Moylan, and

) Confluence points of tributaries with Ridley Creek, as deemed
appropriate based on engineering judgment and good modeling
practice, including points downstream of large open areas
where development could be anticipated to occur.

The breakpoints were used to divide the Ridley Creek watershed into
sixty-five subareas or subbasins. Those subareas delineate the limits
of the contributing drainage area to each of the selected points of
interest. The boundaries of the subareas are shown on Plate No. 2.

Subarea Nos. 1, 2, 10, 13, and 15 lie totally in the Chester
County portion of the Ridley Creek watershed. Subarea Nos., 1 through

9, along Stackhouse Mill Run near the County boundary, are generally
smaller to provide greater detail for this highly developable area.
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Subarea Nos. 20, 21, 22, and 26, located wholly in Ridley Creek State
Park, are generally larger, since little or no change in land use is
expected in the park. Developable areas draining into the park were
subdivided closely so that the impacts of storm runoff due to their
development could be clearly seen.

The subareas are more uniformly sized in the more developed
portions of the watershed. The breakpoints in these portions of the
watershed were selected to allow for the identification of peak flow
rates at identified problem locations, municipal boundaries, the Media
Water Filtration Plant, and the USGS gaging station at the Manchester
Avenue bridge in Moylan. The 'subareas again become large further
downstream in the watershed towards the mouth at the Delaware River.
This portion of the watershed is very nearly, if not fully, developed
at the present time, and the rate of runoff from those areas is not
likely to change in the future. Subarea Nos. 46 and 61 are "dummy’
subareas having no real land area which were necessary only for
computational purposes,

Watershed Model Data Requirements

In rainfall events an entire watershed respondg as the sum of the
responses of its subareas. As noted earlier, PSRM~ was used to model
the response of the delineated subareas in the watershed to the design
rainfall events. In the watershed model, the tedious summation of
the contributions of upstream subareas is performed at each of the
specified points of interest. Individual runoff hydrographs are com-
puted for each subarea and routed downstream. The time required
for the rwoff to reach any downstream point reflects the travel time
required between subarea outlets in the actual pipes or channels of
the watershed. The flow rate at any point of interest, at any point
in time, is simply the sum of flow rates from contributing subareas
that have arrived at the point at that moment. The model forms a
time record of the flow rates passing the point, which forms the total
hydrograph for the contributing portion of the watershed. The PSRM
performs this summation continuously for each design storm analysis
throughout the Ridley Creek watershed, calculating runoff hydro-
graphs from all sixty~five subareas and summing their contributions
at all points of interest. At the mouth of Ridley Creek, the outlet
of Subarea 65, the model is effectively summing the individual con-
tributions of runoff from sixty-five subareas.

Subarea Runoff Characteristics

The initial step for the model to perform is the calculation of the
runoff hydrographs for all subareas that result from the design storm
rainfall distribution input. To calculate the runoff hydrograph for each
subarea, the following hydrologic characteristics are required as
input to the model:

Lakatos and Aron, loc. cit.
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o} The total acreage

o The percentage of impervious cover, 1.e., rooftops, patios,
streets, parking Ilots, and other areas of concrete or
bituminous paving

o A composite runoff curve number, as per Soil Conservation
Service methods, for the areas of pervious cover, i.e.,
lawns, woods, meadows, pastures, and croplands

o The average land slope
o A characteristic width of overland flow

The first four items above were obtained from detailed mapping of
soils, slopes, and land use supplied by the Delaware County Planning
Department. To most efficiently assemble the input data for each sub-
area, the information on the maps was transformed into digitized data.
by dividing the watershed into discrete homogeneous parcels of the same
soil, slope, or land use and placed on computer files, The process
involved, called "digitization," is described in more detail in Appendix
C. Briefly, files created for the different soils, slopes, and land uses
found in the watershed are superimposed in the computer and further
divided into discrete parcels having the same combination of those
characteristics. The boundaries of the subareas are superimposed,
and the data required for input to the model for each subarea are
obtained by an aggregation, procedure which determines composite
-subarea characteristics.

The total acreage of each subarea is determined by the computer
from the digitized subarea boundaries. The aggregation procedure
considers the land uses delineated in each subarea and determines
the amount of impervious cover. In this study, the land uses found
in the watershed were broken down into eighteen separate categories as
listed in Table IV-1., The average percentage of impervious cover was
determined for each land use as shown. The impervious percentage
in any subarea is simply determined in the aggregation procedure by
summing the total impervious cover of the various land uses found in

4 subarea and dividing by the total subarea acreage.

SCS runoff curve numbers are assigned to any parcel based on
the soil type and type of cover found. Nearly every 'soil type in
Pennsylvania has been assigned a hydrologic soil classification by SGS.
Those that are not are assigned a clasgification based on judgment and
the clagsification of surrounding soils. The runoff curve number of
a parcel is determined by that classification and the type of pervious
cover which occurs, A composite runoff curve number is obtained
by forming a weighted average of the curve numbers of all parcels
forming a subarea. Average land slopes for each subarea are found
in a similar fashion as the weighted average of parcel slopes.

Runoff hydrographs for each subarea are calculated by applying

the design rainfall for each design storm, as prescribed by the Type
II distribution, over small time intervals. Each subarea responds by

54



TABLE IV-1

LAND USE CATEGORIES

Average
Desig- Impervious
nation Land Use - Description Percentage
Residential -
A 57 - .99 DU/acre - (low) single family dwellings 8.7
on large lots
B 1.0 - 4.9 DU/acre - (low moderate) single family 17.2
dwellings on smaller lots
c 5.0 - 8,9 DU/acre - (moderate) single family de- 41.4
tached and clustered town-
house dwellings
b} 9,0 - 16.9 DU/facre - (medium) semi-detached 42.3
dwellings, duplexes, tri- ,
plexes, quadraplexes, '
townhouses, and garden
' apartments
E 17.0 + DU/acre - (high) garden, mid~ and 60.6
: high-rise apartments
Commercial
F Retail - shopping centers, malls, 90 .+
central business districts,
strip commerdal, larger
neighborhood convenience
centers, service stations
G Other - offices,” motels, hotels, 57.8
commercial banks
Industrial 100
H Heavy .= manufacturing, warehouses
‘ industrial refineries, power generating
stations '
I Light - industrial offices, light
industrial industrial parks
J Transpor- - railroads, trolleys, inter-
' tation changes, terminals, air-
ports
Publie and Quasi-Public
K Marinas, historic sites ) 0.0
L Institutional - schools, colleges, hospitals, 90 .+
and municipal municipal properties,
churches
Natural Conditions 0.0
M Cultivated - farmlands
N COpen space - grassy fields, playgrounds,
cemeteries
o] Meadows - open flelds of tall grasses
P Light woods - includes orchards
Q Heavy woods
R Open water
1

As determined by the Delaware County Planning Department
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allowing an appropriate portion of the rainfall to infiltrate into pervious
areas, and the rest to run off downslope toward the subarea outlet,
As more and more rain falls, the runoff depth increases and moves
more rapidly toward the outlet. The mode! records a hydrograph of
the runoff arriving at the outlet throughout the period of the storm
event.

Watershed Travel Times

The total flow reaching points of interest, as previously stated,
is the sum of contributions arriving from upstream subareas. The
PSRM simplistically looks at the watershed as a collection of individual
subareas connected by drainage elements, which, in the case of the
Ridley Creek watershed, are the main stem and tributaries of Ridley
Creek. In order to properly translate, or route, the subarea runoff
hydrographs downstream to points of interest, the times required to
travel to those points must be known. The travel times in the drainage
network of the watershed are found by dividing the lengths of the
stream segments between subarea outlets and points of interest by the
average velocities in those channels, Travel times were calculated for
each drainage element that connects the subareas delineated on Plate
No. 2.

Stream lengths along Ridley Creek and its tributaries were obtained
by simple measurement on a map of the watershed., The average
velocities were ohtained by two means, Along the majority of the main
stem of Ridley Creek and Stackhouse Mill Run, velocities were obtained
from HEC-II water surface profile computations performed to delineate
the floodplain along the creek for the National Flood Insurance Program.
On portions of the main stem where backwater computations were not
performed, velocities were extrapolated from stream reaches with similar
flow rates, depths, and channel slopes. Typical cross-sections wexe
obtained in the field to calculate normal depth velocities on the re-
maining small tributaries to Ridley Creek.

Other Input

An important attribute of PSRM is its ability to model the effects
of dams or detention basins in subareas. This capability proved to be
especially valuable in the analysis of alternative systems for control
of the anticipated increased runoff from future development. In the
simulation of existing conditions, the storage and discharge charac-
teristics of Broomalls Dam in the Borough of Media were evaluated to
reflect its effect on reducing the outflow hydrograph from Subarea 43,

Chester County Portion of the Ridley Creek Watershed

While the purpose of this study was to develop standards and
criteria for stormwater management in the Delaware County portion
of the Ridley Creek watershed, the effects of development on peak flow
rates in that portion of the watershed could only be accurately assessed
by considering the flow contributions of the entire watershed. Of the
38,5 square miles of watershed which drain to the mouth of Ridley
Creek, approximately 17.5 square miles, nearly one-half of the total
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drainage area, are located in Chester County. For simulation purposes,
breakpoints were selected on the main stem of Ridley Creek and four
small tributaries at the boundary of Chester and Delaware Counties,
As noted earlier, Subarea Nos. i, 2, 10, 13, and 15 were delineated
entirely in Chester County. Portions of Subarea Nos. 3, 5, 9, 12,
14, and 16 contain varying amounts of their total drainage areas
in both counties.

Detailed information on soils, slopes, and land use were not ob-
tained for the subareas or portions of subareas located in Chester
County. The Chester County ‘portions of Subarea Nos. 3, 5, 9, 12,
14, and 16 were considered similar enough to the remaining Delaware
County portions of the subareas to be assigned the same composite run-
off characteristics for the purpose of computing the runoff hydrographs
from those subareas.

In order to provide a better and more accurate representation of
the runoff characteristics of the subareas entirely within Chester
County, a hydrograph was measured at the USGS stream gaging station
on Ridley Creek at Dutton Mill, East Goshen Township (on the
Strasburg Road Bridge), for the storm of June 29, 1982. Stream
stages (depths) were measured every five to fifteen minutes during the
entire storm event to obtain the shape of the hydrograph as well as
the peak flow value resulting from the rainfall of 0.6 inches in 0.5
hour. The USGS rating curve for the Dutton Mill gage was used to
obtain flow rates from the recorded stages or flood depths. Rainfall
depths for the storm were obtained from gages at Hershey's Mill, the
Media Water Filtration Plant, and Philadelphia International Airport.
The hydrograph that was measured at the Dutton Mill gaging station
immediately following the very heavy thunderstorm on that date dis-
played a simple geometry which lent itself very well to the develop-
ment of a unit hydrograph for the 9.7 square miles which drain to
that gage.

A unit hydrograph is a hydrograph resulting from exactly one inch
of rainfall excess or runoff (rainfall in excess of that which will infil-
trate) resulting from an event of specific duration spread over the
contributing watershed. By simplifying complex storm distributions,
like the Type II storm, into a sequence of rainfall events of the same
duration as the unit hydrograph, more complicated runoff hydrographs
can be created by forming a single cumulative hydrograph from the
series runoff hydrographs (superposition) . The depth of runoff of
the June 29, 1982, storm was obtained knowing the volume of water
which flowed past the gaging site during the storm, subtracting the
volume of normal flow or baseflow that was included, and dividing
by the 9.7 square miles of drainage area. By this procedure, it was
determined that an average of 0.40 inch of rainfall excess ran off the
contributing watershed during the recorded storm event, Since the
recorded hydrograph was for 0.40 inch of runoff, a unit hydrograph
for 1.0 inch of runoff was obtained by dividing the ordinate (flow
value) at every time increment by 0.40. The resulting unit hydrograph
is shown on Figure IV-2. »
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The unit hydrograph developed for the Dutton Mill station was
then non-dimensionalized to produce a generalized unit hydrograph
for Chester County that could be used for subareas of any size or
shape. The unit hydrograph was non~dimensionalized by dividing
each recorded flow rate for the entire event by the peak flow rate
that was recorded, and by dividing the times at which the flow rates
were recorded (from the beginning of the storm) by the time until
the peak flow occurred. In order to apply the non-dimensionalized
unit hydrograph to determine runoff hydrographs for design storms
in the Chester County portion of the Ridley Creek watershed, it is
necessary to determine appropriate values of time to peak (T ) and
peak flow (Q_) for the specific subareas to which the hydrogf')aph is
to be appliedl? Figure IV-3 shows the dimensionless unit hydrograph
obtained for the Chester County portion of the watershed.

In hydrograph analysis, watershed lag is the time from the center
of mass of the rainfall excess (that portion of the rainfall distribution
that runs off) to the peak rate of runoff as shown on Figure IV-3,
The SCS has demonstrated that the time from the beginning of the
rainfall to the time at which the peak flow occurs is related to the
watershed lag, L, by the relationship:

T =

D + L 4.1
b L (4.1}

where D is the rainfall duration of the unit hydrograph. The duration
for the Chester County unit hydrograph was 0.5 hour., The watershed
lag time has been shown by SCS to be related to other watershed
characteristics by either of the following relationships:

L = 0.6 T (4.2)

where Tc is the time of concentration of the watershed or travel time
from the“watershed divide to the outlet, or

L o= k.8

1 (4.3)

where 1 is the hydraulic length of the watershed as measured from the
outlet to the divide along the major drainage channel, and K, is a
constant reflecting other runoff characteristics of the watershed (58CS,
1972).

Using a measured hydraulic length and the recorded lag of the
June 29, 1982, storm at Dutton Mill, the constant K, was computed
for the portion of the watershed contributing to that polnt and assumed
applicable in Subarea Nos. 1, 2, 13, and 15. Hydraulic lengths were
determined from topographic maps for each of those subareas, and
Equation 4.3 was applied to obtain the respective lag times. Times to
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peak for each of the four subareas were obtained using Equation 4.1.
Equation 4,2 was used to determine the lag for Subarea 10, The time
of concentration was determined from velocities in various reaches of
the stream, which were obtained from the HEC-II computer output
for flood insurance studies in Chester County. The time to peak for
Subarea 10 was then calculated using equation 4.1.

The peak flows, Q_, of the desired unit hydrographs were found
by applying a general t8m of an SCS relationship:

Qp = K . A (4.4)

Tp
where A is the drajnage area of the subarea, T_ is the respective
travel time, and K, is another constant reflecting the shape of the
Dutton Mill unit hydrograph., Using Q_ and T_ of the Dutton Mill
unit hydrograph and knowing the drai_nfge area fo the gaging station
site (9.7 square miles), Equation 4,4 was solved for the constant K,.
That constant was assumed applicable to the Chester County subareas,
allowing calculation of the peak discharge for all of their unit hydro-
graphs.,

With @ and T_ known for Subarea Nos. 1, 2, 10, 13, and 15,
their dimendlonal unfl hydrographs were derived from the non-dimen-
sional unit hydrograph for the Chester County portion of the Ridley
Creek watershed. Figures IV-4, IV-5, V-6, IV~7, and IV-8 show the
unit hydrographs obtained for the Chester County subareas. From
these unit hydrographs, runoff hydrographs for the 2-, 10-, 25-, and
100-year storms were computed by applying the Type II rainfall dis-
tributions for those events. Rainfall excess (i.e., runoff) distributions
for the design storms, needed as input to the unit hydrographs in
each subbasin, were developed from supplied rainfall hyetographs by
application of the SCS rainfall-runoff equation:

direct runoff =  (P-0.25)° (4.5)
P ¥0.85

where P is the total precipitation in any 0.5-hour time interval of the
storm (0.5 hour is the unit hydrograph duration), and the potential
maximum retention (abstraction) of rainfall, S, is given by:

§ = 1000 _ 4y (4.6)

CN

where CN is thegcomposite or average runoff curve number of the sub-
area (SCS, 1972°). An average curve number of 68 was assumed for
the five subbasins delineated in the upper Ridley Creek watershed.

U.S. Department of Agriculture, Soil Conservation Service,
"National Engineering Handbook-Section 4, Hydrology, rU.S.
Government Printing Office, Washington, D.C., August, 1972.
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That curve number is consistent with values obtained for adjacent
subareas in Delaware County using digitization of land characteristics
data and is, therefore, appropriate for the land characteristics of the
selected subareas in the lower end of Chester County.

. The hydrographs computed for each design storm return period
were used as direct input to the watershed model for both existing
and future conditions. No assumptions could be made for future
conditions in Chester County subareas, given the scope of this study.
A critical assumption has been made that in accordance with Act 167,
the peak flow rates leaving the Chester County portion of the Ridley
Creek watershed will not be increased due to future development.
To use the existing Chester County hydrographs in future conditions,
it is also assumed that the shape of the hydrograph, especdially the time
to peak, does not change in the future.

In future developed conditions, the volume of runoff from Chester
County subareas will certainly increase, thereby changing the hydro-
graph shape in some manner. A long, attenuated tail would likely
have no effect on peak flows in Delaware County. What is of concern
is that .the time to peak not be decreased, allowing the peak flows
from Chester. County to catch up and combine with peak flow rates
in the Delaware County portion of the watershed.

The standards and criteria developed for stormwater management
alternatives in the Delaware County portion of the Ridley Creek water-
shed reflect the long, narrow configuration of the watershed and the
timing with which the subarea contributions combine, If the peak flow
rates from Chester County subareas are allowed to occur much more
rapidly than at present, peak flow rates throughout the Delaware
County portion of the watershed could be significantly affected.

Calibration

All simulation models involve a significant degree of subjective
input in their development. Values are chosen for various hydrologic
parameters describing the runoff characteristics of a watershed which
represent average or expected behavior in watersheds of similar soils,
slopes, etc. The specific hydrdogic characteristics of an individual
watershed are not necessarily reflected in such average-values. There-
fore, the model needs to be fine tuned, or "calibrated," to provide a
more accurate representation of the real runoff and timing conditions
of a watershed. Calibration of a model involves the adjustment of
input parameters, within acceptable value ranges, to match the recorded
response of an actual storm event. To match an event, antecedent
moisture conditions and rainfall distribution must be duplicated in the
model input. Adjustments to other parameters are then made to attempt
to duplicate hydrograph shapes and peak flow rates at points in the
watershed where recordings were made,

To calibrate the PSRM for the Ridley Creek watershed, the storm .

event of June 29, 1982, was used. As previously described, the
resulting storm hydrograph was recorded by the project's technical
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consultant at the USGS stream gaging station at Dutton Mill and used
to construct a dimensionless unit hydrograph for the Chester County
portion of the watershed. A portion of the rising limb of the June 29,
1982, storm including the peak flow was also recorded at the USGS
stream gaging station at the Manchester Road bridge on Ridley Creek
in Moylan. Detailed information for rainfall depths and distribution
were obtained from rain gages at Hershey's Mill Village in East Goshen
Township, the Media Water Filtration Plant, and Philadelphia Interna-
tional Airport.

The storm of June 29, 1982, moved down the watershed, falling
earlier and heavier in the upper portion of the watershed and occurring
both later and in decreasing amounts in lower portions of the water-
shed, This pattern of rainfall was placed in the model and a run was
made., The resulting peak flow at Moylan (694 cfs) was found to be
very close to the recorded value (709 cfs), but it occurred at a far
shorter time to peak (6.5 hours) than in the actual recorded event
(9.5 hours). The time to peak appeared to be very dependent on the
total of travel times along reaches of the main stem,

In the HEC-II output of the flood insurance studies for munici-
palities in Delaware County, travel times were noted to vary with
flood events of differing return periods. Larger storms have cor-
respondingly higher flow rates, depths, and velocities, resulting in
decreasing travel times. The peak flow rate of the June 29, 1982,
storm was roughly one-fourth that of the 10-year event reported in
flood insurance studies at the Dutton Mill and Moylan gages. The
travel time for this smaller event would be expected to be longer than
the 10-year travel time. The travel times in the main stem stream
reaches were increased by thirty percent over the l0-year travel times
obtained from the HEC-II output. The resulting peak flow (721 cfs)
was again very close to the recorded peak flow (709 cfs), and the
time to peak (7.5 hours) closer to the recorded 9.5 hours. Figure
IV-9 shows the recorded and computer hydrographs for the storm. The
remaining error in total travel time was approximately twenty percent,
while the error in peak flow remained within two percent. Further
adjustments to travel times to better match the times to peak were
considered unnecessary.

The adjustments in travel times required to calibrate to the June
29, 1982, storm in comparison with those obtained from the FEMA
HEC-II output pointed out a need to use different travel times for
respective storm frequencies. To verify the model, runs were made
using as input the 10- and 100-year Type II rainfalls and the respec-
tive HEC-II travel times for comparison of peak flow rates from those
simulations with values used in FEMA flood insurance studies at the
County boundary, the Moylan gaging station, and the mouth of Ridley
Creek. As shown in Table IV-2, the resulting peak flow rates agreed
favorably with the flood insurance values.
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TABLE, IV-2

PEAK FLOW RATES ALONG RIDLEY CREEK

Penn State Runoff Model FEMA Flood Imsurance
Simulation Results (cfs) Study Values (cfs)
Location 10-year 100-year 10-year 100-year
Chester/Delaware
County Boundary
Line 3200 6023 2800 5800
Moylan Stream 1 1
Gage 4005 7597 3000-3400 7000-8800
Mouth of Ridley 1 1
Creek at Chester 4319 8156 3700-4150 7900~9500

1 Flow rates found to differ in flood insurance studies for several

municipalities

Agreement with the flow rates in the flood insurance studies was felt
to be acceptable for the model of existing conditions to be considered
valid and compatible with Pennsylvania's Floodplain Management Program.

The compatibility with the flood insurance study peak flow values
for similar design storms is a very important factor in this study.
That is, by being compatible with the flood insurance studies, this
watershed plan is consistent with existing floodplain management plans
and zoning ordinances in the Delaware County portion of the Ridley
Creek watershed.

Tidal Effects

An important factor affecting flooding potential for the City of
Chester, the Borough of Eddystone, and the Townships of Ridley
and Nether Providence are high tides from the Delaware Estuary. The
tidal portion of Ridley Creek extends upstream from the mouth approxi-
mately two miles to Irving's Mill Dam, just downstream from the Route
320 bridge. Flooding in this area can result from fluvial flows (water-
shed runoff), high tides, or a combination of the two events. A
recently completed study by the U.S. Army Corps of Engineers
examined the impacts of those three flooding cases on Ridley Creek
from the mouth up to the Route 320 bridge, abpve which tidal effects
are considered negligible (U,S. Army COE, 1982 Ve

10 y.s. Department of the Army, Corps of Engineers, "Local Flood

Problem Investigation, Ridley Creek, City of Chester, Delaware
County, Pennsylvania," Draft Reconnaissance Report, Philadelphia
District, Philadelphia, Pennsylvania, June, 1982.
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EXISTING AND FUTURE SUBAREA CHARACTERISTICS

TABLE IV-~4

Existing Land Cover

Future Land Cover

Subarea Area % Curve % Curve
No. (Acs.) Impervious No. Impervious No.
3 312 4 65 3 64
4 208 1 &5 ki 62
5 150 1 71 8 b6
6 217 3 64 . 8 62
7 105 0 51 8 63
8 46 4 64 9 hd
9 242 1 55 ki 66

11 219 1 68 6 64
12 233 3 72 7 65
14 54 33 67 33 67
16 193 15 63 25 64
17 63 10 62 10 62
18 50 0 67 15 63
19 77 0 61 b 64
20 397 0 6l 0 61
21 594 0 &5 4 &5
22 235 0 61 0 61
23 134 11 62 4 59
24 125 3 60 3 &0
25 105 0 60 2 80
26 541 0 58 g 58
27 393 3 60 3 61
28 59 8 59 2 60
29 284 0 57 0 57
30 97 13 62 17 63
11 262 9 61 13 62
32 227 g 59 b 59
33 79 0 59 Q 59
34 238 11 68 11 68
15 204 2 64 4 64
36 226 17 62 17 63
37 96 12 62 14 63
38 254 8 63 13 64
39 257 ki 68 14 67
40 261 10 62 12 62
41 148 12 b2 16 63
42 402 8 61 11 62
43 352 25 65 25 66
44 80 13 62 33 62
45 308 12 63 12 63
46 0 9 62 0 62
47 332 24 63 24 65
48 145 44 bb- 44 66
49 151 31 &2 31 63
50 207 14 66 14 bh
51 226 10 61 10 62
52 131 29 62 31 60
53 240 18 62 19 62
54 446 12 61 12 61
53 140 25 67 38 67
56 475 183 68 19 68
57 189 26 68 26 68
58 191 36 65 37 65
59 188 18 73 19 73
60 387 30 71 30 71
61 0 0 62 0 62
62 497 19 67 19 &7
63 165 23 71 24 71
b4 416 34 a7 35 67
65 401 59 62 62 62
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TABLE IV-5

PEAK FLOW RATES AT SELECTED POINTS OF INTEREST

FUTURE CONDITIONS

Point of Peak Flow in Cubic Feet Per Second
Interest Q2 Q10 Q25 Q100 Comment/Capacity
9 242 621 918 1421 Mouth of Stackhouse
. Mill Run
12 726 2636 3479 4990 Main stem flows below
Stackhouse Mill Run
14 870 3172 4150 5976 Flow rate at County
line
20 907 3356 4356 6271  State park boundary
21 925 3424 4449 6410 Gradyville Rd. bridge/
4856 cifs '
26 157 191 270 483 Mouth of unnamed
tributary
27 957 3560 4626 6691 State park boundary -
bridge at Sycamore
Mills /unknown
33 209 332 467 754 Mouth of Dismal Run
40 154 278 395 611 Mouth of Spring Run
41 1027 3819 4981 7204 Rose Tree Rd. bridge/
unknown
46 1059 3920 5123 7410 Media Water Filtration
Plant - Baltimore Pike
bridge/14,860 cfs
50 1084 3989 5219 7534 USGS stream gage at
Moylan - Manchester
Rd. bridge/10,271 cfs
53 257 417 529 756 Mouth of Vernon Run
56 1130 4105 5527 7757 Brookhaven Road
bridge/8763 cfs
62 1273 4224 6022 7963 Route 320 bridge/not
applicable
65 1466 4301 6229 8095 Mouth of Ridley Creek
1

Number of subarea outlet where peak flow was computed
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is slightly magnified in future conditions by the increased run-
off from development in that area, While the total volume of runoff
in the future conditions hydrograph is greater than that in the hydro-
graph for existing conditions, the hydrograph has been "stretched out,"
pulling the peak flows down as a result of the timing of subarea con-
tributions in their fully developed state. Runoff from developed sites
collects and runs off more quickly than prior to development. In the
Ridley Creek watershed, the contributions of fully developed subareas
below Ridley Creek State Park move quickly ‘downstream. The state
park remained undeveloped for the analysis of future conditions, pro-
viding a reduction in peak flows for a short time, Much of the runoff
from fully developed subareas in Edgmont Township races ahead of the
peak contributions from Chester County, thereby avoiding the combina-
tion of the hydrographs that would result in higher peak flow rates.

Again, it should be noted that the hydrographs from Chester
County subareas were not changed to reflect any future land develop-
ment conditions. If runoff from Chester County subareas is allowed
to accelerate and catch up with higher flows from the upper Delaware
County subareas, peak flows could increase along the main stem of
Ridley Creek in Delaware County. A detailed study of runoff from
future development in the Chester County portion of the watershed
should address the likelihood of such an impact. Any watershed
planning efforts in the Chester County portion of the Ridley Creek
watershed should be coordinated with the Delaware County portion
in order to update the "total" watershed stormwater management plan.

Impact of Future Development without Stormwater Management

The fact that peak flows do not increase on the main stem of
Ridley Creek does not obviate the need for control of increased storm-
water runoff from developing sites. As was noted from the survey of
existing stormwater related problems, the majority of such problems
occur off the main stem along the numerous small tributaries and
existing drainage systems. Table IV-6 lists the peak flow rates of
runoff from each individual subarea for both existing and future
_land development conditions. These flow rates represent the surface
runoff resulting solely from each subarea. Table IV-7 lists the total
peak flow rates at each subarea outlet, Those flow rates represent
the peak rates resulting from the combination of respective subarea
runoff hydrographs with the contributions from upstream subareas.
Higher peak flow rates will occur due to future development in most
subareas and at many points along the small tributaries, but the
combined flow rates in the main stem of Ridley Creek and at other
points along its tributaries in Delaware County will be lower for pro-
jected future land development conditions.

The results of modeling existing and future conditions clearly
demonstrate the need for proper management of stormwater in the
Ridley Creek watershed. Control of increased runoff is necessary
to protect property along tributaries and drainageways between
developing sites and the main stem of Ridley Creek. Once in the main
stem, the timing and configuration of the watershed is such that no
net increase in peak flow occurs due to the increased volume of runoff.
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Subarea

SUBAREA PEAK RUNOFF FLOW RATES

TABLE IV-6

xdsting Conditions Future Congditions
No. Q00 a8 600, Qe Hgs )
1 286 274 204 13 386 274 204 73
2 301 213 158 54 301 213 158 54
3 212 122 81 37 255 161 116 59
3 139 69 40 31 137 78 55 a4
5 168 30 54 14 165 100 69 34
6 196 105 68 38 220 138 39 60
7 57 31 19 16 103 83 46 26
3 39. 22 15 7 49 39 22 11
9 150 69 49 19 226 138 % 47
10 4196 3088 2284 649 4396 3088 2284 649
11 310 161 93 27 217 156 105 58
12 202 116 73 ¢ 177 11l 80 40
13 1047 733 543 174 1047 733 543 174
14 144 101 79 44 144 101 79 44
15 400 283 211 67 400 283, 211. &7
16 304 195 146 88 399 274 212 . 121
17 88 33 19 29 88 53 319 29
18 53 26 16 & n 47 B 20
19 86 40 35 3% 129 70 45 30
20 153 79 18 32 153 79 48 12
21 500 253 155 64 604 272 217 103
22 140 75 a7 42 140 75 a1 42
23 154 77 49 43 164 101 79 51
24 94 53 38 39 94 33 38 39
25 39 20 12 11 43 24 17 14
26 184 95 60 4 179 95 60 44
27 297 166 118 123 318 174 121 101
28 53 34 27 17 59 17 29 22
29 136 81 49 57 136 81 9 57
30 137 26 65 40 160 104 78 45
31 283 177 134& 94 345 224 170 106
12 114 62 42 % 120 65 47 31
33 35 19 12 7 35 19 12 7
34 153 218 133 70 353 218 153 70
35 159 84 53 27 177 99 56 33
36 394 253 192 127 412 261 195 121
37 124 78 59 35 138 88 66 17
18 349 201 140 98 422 259 186 105
39 546 149 10z 44 311 207 153 76
41 137 93 71 39 168 116 90 50
42 1 202 153 87 380 253 195 111
43 750 807 287 214 774 521 394 215
44 205 143 113 77 205 143 s 77
45 37 242 181 02 37 242 181 102
46 - -- - - - -- S —
47 627 434 337 189 627 436 337 189
48 352. 262 209 115 352 262 209 115
49 386 264 207 145 402 271 209 140
50 385 237 167 86 385 237 167 86
31 252 160 121 80 264 165 123 76
52 2717 193 154 91 272 198 16l 99
53 527 352 212 157 542 165 283 164
54 436 293 228 130 436 293 228 130
55 279 190 145 76 352 254 201 110
56 823 536 395 194 842 552 409 203
57 408 281 215 115 408 281 215 115
58 355 261 206 111 363 267 211 114
59 457 299 212 90 464 305 217 94
60 832 sa5 446 227 832 585 446 227
61 - - R — - R —
62 909 60l 447 231 909 601 147 231
63 343 230 171 83 39 236 176 86
64 863 627 491 263 885 641 503 270
65 1170 899 730  4lz 1220 940 S0z 432

Al flows in cubic feet per second
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considered. This is partially due to the nature of flow com-
binations in the watershed, i.e., the manner in which storm
runoff from the individual subareas combines as it moves
through the watershed.

o In the main channel of Ridley Creek, peak runoff rates were
found to be slightly lower for the 10- through 100-year
design storm events, considering future development con-
ditions, as a result of the following flow-timing variations:

a. The time of concentration (T ) for each subarea is

' reduced due to increased impervious cover and hydraulic
improvements in future development conditions. There-
fore, peak runoff flows from developed subareas in
the lower portion of the watershed enter the main
drainage channel (i.e., Ridley Creek) prior to the
arrival of peak flows from upper watershed areas (i.e.,
the flows from the Chester County portion of the Ridley
Creek watershed). This is an extremely important
condition to recognize, in that it illustrates a key storm-
water management consideration for the Ridley Creek
watershed., That is, it shows that if storm runoff
flow from the Chester County portion of the watershed
is allowed to speed up (i.e., to flow from land develop-
ment sites without being properly controlled with respect
to both flow rate and flow timing), a critical storm
flooding condition could be caused in the Delaware
County portion of the watershed.

b. The future development trends logically predict no
increase in impervious area throughout Ridley Creek
State Park. However, the areas immediately north and
south of the park are predicted to be subject to major
development. This condition serves to further separate
the upper and lower watershed peaks, enhancing the
dual-peak configuration of the total watershed hydro-
graph.

c. TFuture simulation conditions assumed that the ghape of
the hydrograph from Chester County would be the same
as that utilized for existing condition simulation runs.
However, when the times of concentration were reduced
for those subareas in the upper watershed region of
Delaware County (i.e., those subareas in Delaware
County upstream of Ridley Creek State Park), the run-
off combinations for future land development conditions
were significantly altered. The peak flow rates were
higher and occurred earlier in the storm event. Storm-
water management provisions have, therefore, been in-
cluded in the Delaware County Stormwater Management
Plan to address this condition.

o Higher storm runoff peaks may be realized along the main
branch of Ridley Creek if peak flows from the Chester County
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portion of the watershed are higher or if they occur earlier
than at present in future developed conditions. On a water-
ghed basis, increased stormwater runoff from developing areas
in the Chester County portion of the Ridley Creek watershed
needs to be managed in a manner which maintains the peak
flow rates and timing of existing runoff hydrographs at the
boundary of Chester and Delaware Counties, This is par-
ticularly true of the rising limb portion of the Chester County
hydrographs. ‘

Additional Uses of the Ridley Creek Watershed Model

A calibrated watershed model is a very useful "tool" for effectively
managing water resources in a watershed. The calibrated PSRM for the
Ridley Creek watershed can now allow for the following types of
evaluations to be made which can serve as direct input into a potential
water resources decision-making process.

0 Flood Insurance Study Updates

A key element of a flood insurance study is the hydrologic
analysis that defines the flood flows for various sections of a
stream or river. These flood flows, along with the size
and shape of the stream or river, then define the "flood-
plain® for the flood insurance study. These {floodplains
are typically accepted by a municipality as "flood hazard
areas" for purposes of zoning and management activities.
One of the main shortcomings of some of the flood insurance
studies is the fact that they were typically done for each
community separately and were not fully coordinated in many
instances. The resulting problem assoctated with this, in
many cases, is that the various flood insurance study results
are not consistent throughout a watershed. In some instances,
flood flow and depth information do not match at adjoining
municipal boundaries.

A calibrated watershed model, as an example, the PSRM for
the Ridley Creek watershed, can be used to supply consistent
storm (or flood) flow information throughout a watershed for
purposes of updating the existing floodplain boundaries in
the various communities, This may be required for an
official flood insurance study update (for the U.S. Army
Corps of Engineers or the Federal Emergency Management
Agency) or may be desired for an update of floodplain
information by a particular municipality. In either case,
the availability of the model allows for the cost-effective
updating of this important municipal planning data.

o Encroachment Analyses
In this case, the calibrated watershed model can be used by

land developers or municipalities to calculate or check the
impacts that a stream encroachment may have. Typically,

83



when a stream encroachment application is made, the applicant
(either a land developer or a municipality) must perform a
hydraulic analysis to define the impacts that the encroachment
will have on nearby properties. This involves a hydrologic
and hydraulic analysis that could be extremely expensive for
the applicant, The availability of calibrated information
can, therefore, significantly cut the cost of making a stream
encroachment application.

Infiltration Analyses

The infiltration information that was developed for this study
has shown that groundwater recharge in the Ridley Creek
watershed is a critical element of the overall water resources
system. A "benchmark" evaluation of infiltration character-
istics in the watershed was performed for this pilot study.
This initial evaluation identified the infiltration potential for
the land use characteristics that were evaluated for this
project. An update of this study, which would involve a new
run of the watershed model to reflect new (updated) land use
conditions, could then be used to reevaluate the change in
infiltration potential resulting from a given amount of in-
creased urbanization. This tool can, therefore, serve as a
guide for future decision making concerning groundwater re-
charge and/or infiltration strategies for water resources pro-
tection in the watershed.

Drainage Design

The calibrated watershed model can also be used to provide
design level data for:

- Highway design by counties or PennDOT

- Verification of stormwater management plans for use by
municipal engineers

- Storm runoff characteristics data for use by land de-

velopers in the development of stormwater management
plans
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CHAPTER V

STORMWATER MANAGEMENT TECHNIQUES

Underlying the goals and objectives of a comprehensive program of
stormwater management are the following basic principles:

o}

The drainage system is a part of a larger environmental
system

Surface streams within an urban watershed can be managed
solely as a drainage system or they can be managed so as
to provide a broad range of benefits (e.g., water supply,
recreation, aesthetic value, etc,). The influence of any new
development or land use change should be analyzed, and the
potential for adverse impacts on the beneficial uses should
be minimized.

Floodplains are natural storage areas

All surface water streams have associated with them a pre-

scribed natural easement, defined as the stream's flood-

plain. This area functions as a facility for the conveyance
or storage of excess stormwater runoff. The act of en-
croaching on, or altering, the hydraulic and hydrologic
characteristics of the land draining to the natural easement
requires the implementation of compensating control/manage-
ment measures to maintain effective operation of the natural
easement.

Stormwater requires space

New development reduces the "space" within a watershed that
is naturally allotted for stormwater runoff storage. If "arti-
ficial space" is mot provided in coordination with the new
development, alternate space will be claimed further down-
stream within the watershed.

Stormwater has potential uses

The "forgotten resource," stormwater, appreciates in value
as existing water resources are contaminated or can no
longer meet consumptive demands. The initial element of
a program designed to develop this resource is storage areas
from which the runoff can be withdrawn and conveyed to re-
charge areas. In addition, these storage areas may provide
recreational opportunities.
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o Water pollution control measures are essential

In order to derive the full potential available from sireams,
as well as from natural and artificial wetland areas, both
point and non-point sources of pollution must be controlled.

0 Comprehensive planning and preventive measures are less
costly

Planning for the future results in lower costs to taxpayers
than implementation of corrective measures.

Utilizing these principles to achjeve the stormwater management
goals defined for the Delaware County portion of the Ridley Creek
watershed, applicable structural and non-structural stormwater manage-
ment techniques were evaluated. Structural methods are those that
rely on physical facilities that are designed and constructed for the
purpose of controlling stormwater flows. Thus, any man-made struc-
ture or device with the intended function being to divert, detain,
recycle, infiltrate, or in any way attenuate the flow of stormwater
runoff is a structural control technique. Structural control techniques
can be designed to achieve almost any function. The major constraints
are usually cost and the physical limitations of the site.

Non-structural control techniques may be broadly classified as
either floodplain management or comprehensive watershed management

planning. Floodplain management is the control of land use and de-
velopment within natural drainage easements or floodplains in order to
minimize the potential for flood damage. Comprehensive watershed

management provides for the effective coordination of development
pressure, preservation of open land, and the optimization of structural
stormwater techniques.

Non-Structural Stormwater Management Techniques

The actual development of this Act 167 pilot stormwater management
plan for the Delaware County portion of the Ridley Creek watershed
is a "first-level," non-structural stormwater management technique.
The pilot study provides the framework for the development of storm-
water management ordinance provisions appropriate for municipalities
within the Delaware County portion of the watershed. These pro-
visions reflect not only technical aspects, but they also define authority
and responsibility and establish methods for efficient administration- of
stormwater management procedures. This section presents the technical
evaluation of non-structural control technhiques to determine if, and
in what form, they are applicable for stormwater management in the
Delaware County portion of the Ridley Creek watershed.

The Release Rate Percentage Concept

The use of detention facilities to control the discharge from a
development site has become an accepted practice of land developers
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and engineers, These detention facilities are commonly designed as
either a) dry basins, except during significant (2-, l0-year, etc.)
rainfall events, b) wet ponds, with sufficient freeboard to provide the
required storage volume during significant rainfall events, or c) under-
ground storage tanks where land area is not available.

For new development sites, the most common design criterion for
these facilities is control of the peak discharge rate generated by the
100-year rainfall event in a post-development land use condition to the
same peak discharge rate that was generated by the same 100-year
rainfall event in a pre-development land use condition., However,
recent research and urban watershed simulation studies have docu-
mented the potential for an increase in peak stormwater runoff rates
at downstream locations when storm runoff flows from two or more
branching tributary areas combine even if stormwater runoff detention
control facilities are being used. Unless the detention facility is
designed with consideration for the dynamic interaction and combination
of sub-drainage areas (subareas) within a watershed, these flow
combinations may occur. The following example illustrates why this
is so.

A sample watershed, with five subareas, is shown on Figure V-1.
The figure also includes a hydrograph generated by a rainfall event on
the watershed, which presents the individual’ hydrographs for each
subarea and the cumulative rate of runoff for the total watershed.
The watershed hydrograph was developed in the same manner
as was described for the water tanks (Figure I-6) in Chapter I.

To further illustrate the development of the watershed hydro-
graph, Figure V-2 isolates the runcff from Subarea 3. As can be seen
from Figure V-2, the travel time for runoff flow from Subarea 3
through Subarea Nos. 4 and 5 is 40 minutes. This represents the time
at which Subarea 3 begins contributing flow to the downstream point of
interest, which in this example is the outlet point of the watershed.
Subarea 3's maximum discharge of 500 cfs arrives at the outlet point
60 minutes into the storm event, and the contributing rate to the
watershed peak is 400 cfs, occurring at 70 minutes.

For purposes of this example, it is assumed that a new land
modification or development project is proposed for the entire portion
of Subarea 3 in the watershed, which increases Subarea 3's maximum
discharge rate to 800 cfs (Figure Vv-3). After utilizing appropriate
stormwater management techniques, the peak discharge rate is reduced
to the pre-development peak discharge rate of 500 cfs. However,
because of the attenuation of the runoff hydrograph from Subarea 3,
which extends the time period during which the discharge rate is
approximately 500 cfs, the combined runoff discharge peak at the
point of interest is still above the pre-development peak rate of runoff
at that potentially critical downstream point. Therefore, although the
development design may appear to be in compliance with Act 167, the
actual impact of the stormwater management facility in the watershed
s to increase the peak rate of runoff at the downstream point of
interest.
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The impact of a stormwater management facility designed to reduce
the subarea post-development peak rate of runoff to the peak rate of
runoff assoclated with the subarea's pre-development land condition
will not be the same for all contributory subareas as was defined
spedcifically for Subarea 3. For example, Subarea Nos, 1 and 2 generate
peak rates of runoff which arrive at the point of interest at the exact
time of watershed peak runoff rate occurrence or after the occurrence
of the watershed peak runoff rate. Therefore, attenuation of the
pre-development peak rate of runoff would not increase the peak flow
rate at the watershed outlet.

A more complex situation is created if development is proposed .for
Subarea Nos. 4 or 5. Figure V-4 illustrates the results of considering
that a proposed development site is located in Subarea 5 which increased
the peak subarea rate of runoff by 50 cfs. Also shown is the case
where a potential development site is located in Subarea 4, which
increases the peak subarea rate of runoff by 100 cfs. Appropriate
stormwater management techniques are implemented in both development
areas to reduce the post-development peak runoff rate to the pre-
development peak runoff rate. Close observation of Figure V-4
indicates that the stormwater management techniques implemented in
Subarea 5 have no adverse impact at the outlet from the watershed
(or point of interest). However, the stormwater management techniques
implemented in Subarea 4 will generate an increase in the peak rate
of runoff at the watershed outlet.

In summary, the peak runoff rates from Subarea Nos., 3 and 4 with
pre-development land conditions arrive at the watershed outlet (or
point of interest) within a 30-minute time period prior to the occurrence
of the watershed runoff peak. The peak runoff rates from Subarea
Nos. 1, 2, and 5 arrive at the watershed outlet either before this 30-
minute time period (Subarea Nos. 1 and 2) or at a time concurrent with
the occurrence of the watershed peak runoff rate (Subarea 5).

As was illustrated, development may occur in Subarea Nos. 3 or 4
which will result in a higher peak runoff rate from either subarea
during a rainfall event. The use of stormwater management techniques
to reduce the post-development peak runoff rate from the subarea to
the pre-development peak runoff rate may increase the peak runoff
rate at the watershed outlet. However, comparable alterations to
Subarea Nos. 1, 2, and 5 should not increase the watershed peak run-
off rate.

During the 30-minute period of time prior to the occurrence of
the watershed peak runoff rate, the projected post-development
peak runoff rates from Subarea Nos. 3 and 4, if attenuated by the use
of stormwater management techniques designed to lower subarea post-
development peak runoff rates to the subarea pre-development peak
runoff rates, will result in an increase of the peak runoff rate at the
watershed outlet, This same condition will eccur in most watersheds.
However, the duration of this sensitive time period prior to occurrence
of the watershed peak. runoff rate will vary for each watershed de-
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pending on its shape, size, slope, terrain, current land use, and
projected development trends.

The release rate percentage was developed as a potentia method
for managing the stormwater runoff rates from subareas within a
watershed having runoff timing impacts similar to Subarea Nos. 3 and 4
{llustrated in the example. A safe release rate for Subarea 3 is
determined by computing the ratio of the subarea rate of runoff that is
contributing to the peak at the downstream point of interest to the
pre-development peak rate of runoff for the subarea itself.

subarea contributing rate = release rate percentage
subarea pre-development
peak rate of runoff

400 cfs x 100% = 80 percent
500 cfs

The effect of designing the stormwater management facility based
on the release rate percentage is shown on Figure V-5.

Application of the Release Rate Percentage Concept

The release rate percentage concept has been developed to satisfy
the stormwater management objectives of Act 167 for watershed-level
stormwater management plans, Specific requirements of the Pennsyl-
vania Stormwater Management Act (Act 167) include an assessment of
projected and alternative land development patterns in the watershed,
the potential impact of development patterns on runoff quantity, and
the assurance that the maximum rate of stormwater runoff is no
greater after development than prior to development activities.,

Future land use conditions for the simulation of stormwater run-
off quantity and flow rates in this study were based on the zoning maps
of the respective municipalities within the Delaware County portion of
the watershed. However, this potential land use condition will not
occur simultaneously within the watershed. Only a few isolated areas
may, in fact, be affected by land use alteration during the next three
to five years. Therefore, the release rate percentage concept was
developed to control stormwater runoff rates as they would be impacted
by sporadic land use alteration.

As illustrated in the previous example, only one area of the
hypothetical watershed was initially influenced by development., If
all of the subareas within the hypothetical watershed were developing
uniformly over the exact same time period, the application of the
release rate percentage concept would yield overly congservative
results at the downstream point of interest. That is, the peak runoff
rate at the point of interest would be below that which would be
generated when evaluating existing conditions. However, when only
one subarea develops with no land use change in the other subareas,
the application of the release rate percentage is required to control
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an anticipated increase in the peak runoff rate at the downstream point
of interest.

In order to illustrate not only this potential for conservatism but
also the actual process of developing release rate percentages in the
Delaware County portion of the Ridley Creek watershed, the pro-
cedure that was used for analyzing the Stackhouse Mill Run tributary
area will be described. Stackhouse Mill Run begins just northwest of
the Chester/Delaware County line near Tanguy. The confluence of
Stackhouse Mill Run with Ridley Creek is near the Chester/Delaware
County line, midway between West Chester Pike and Stackhouse Mill
Road, near Willistown., The area draining to Stackhouse Mill Run was
divided into nine subareas, which are the first nine subareas shown on
the Ridley Creek watershed map (see Plate No. 2).

Table V-1 lists the peak runoff rates that would be generated
by the 25-year rainfall event (the maximum design rainfall event for
this watershed) from each subarea, for both present and future land
use conditions.

TABLE V-1

PEAK RUNOFF RATES FROM SUBAREA
NOS. 1 THROUGH 9
(25-Year Rainfall Event)

Existing Future
Land Use Conditions Land Use Conditions
Subarea No. Peak Runoff Rate {(cfs) Peak Runoff Rate (cfs)
1 274 274
2 213 213
3 122 161
4 69 78
5 91 100
) 106 135
7 31 64
B 22 , 31
9 69 138

Current stormwater management design practices would be based
on reducing the post-development peak runoff rate to the pre-develop-
ment peak runoff rate in each subarea, However, as was shown in
the previous hypothetical illustration, only certain subareas will develop
within the next three to five years, as opposed to the complete build-
out as simulated. The hypothetical illustration (Figures V-1 through
v-5) showed the impact of this staged development, along with the
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results of designing stormwater management facilities to reduce the
post-development peak runoff rate to the pre-development peak runoff
vate, An adverse impact is observed at the downstream point of
interest, i.e., the peak runoff rate for this point of interest {Sub-
area 5 in the hypothetical example) remains above the pre-development
peak runoff rate.

The primary element of the release rate percentage concept is
selection of the points of interest in the watershed. The overriding
justification for the selection of points of interest is the desire to
provide overall watershed storm runoff management through effective
control of individual subarea storm runoff. Overall comprehensive
control of storm runoff for the Ridley Creek watershed in Delaware
County can be achieved if each individual tributary or branch of the
major drainage system is controlled. Therefore, primary points of
interest for this study were established at the confluence points of
tributaries and branches of the main stream within this watershed.

Release rate percentages for the subareas draining to Stackhouse
Mill Run (i.e., Subarea Nos. 1 through 9) were determined by re-
viewing the Peak Flow Presentation Table (Table V-2) for the selected
point of interest. The point of interest for Stackhouse Mill Run is the
outlet of Subarea 9, or the confluence point of Stackhouse Mill Run with
Ridley Creek. The Peak Flow Presentation Table Jf.l a direct output
of PSRM and is described in the PSRM User's Manual.

On Table V-2, the peak rate of rumoff for Stackhouse Mill Run at
the confluence with Ridley Creek (i.e., 874.8 cfs) occurs at a time of
360 minutes after the beginning of the design rainfall event, Listed
directly above this value in the Peak Flow Presentation Table are
the individual subarea contributions that are arriving at the point
of interest during the 360-minute time interval after the beginning
of the rainfall event, Table V-3 lists these contributory flow rates,
along with the peak runoff rate generated from each individual sub-
area for existing land use conditions. The ratio of the contributory
flow rate to the individual peak runoff rate generated from each sub-
area is used to develop the resultant release rate percentage for the
subarea.

11 Lakatos and Aron, loc, cit.
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TABLE V-3

RELEASE RATE PERCENTAGES FOR
SUBAREA NOS. 1 THROUGH ¢

Contributoyy Peak Subar

Subarea Flow Rate Runoff Rate Ratio of Column Release Rate
Number {cfs) {cfs) 2 to Column 3 Percentage
1% -- - - --

2 — —— - o
3 103.8 121.6 0.85 85%

4 56.9 69.1 0.82 80%

5 78.4 90.5 0.87 85%

6 84.7 105.5 0.80 80%

7 29.8 30.6 0.97 95%

8 16.6 21.9 0.76 75%

9 74.0 81.2 0.91 90%

1

Release rate percentages were not developed because of their loca-

tion in Chester County

The flow rate arriving at the point of interest from the indicated

subarea when the peak runoff rate occurs at the point of interest

The peak runoff rate generated during the design rainfall event

from the indicated subarea

Given the example presented above, the specific steps in de-
termining release rate percentages for subareas in a watershed are:

1.

2.

Model the entire watershed using the PSRM.

Evaluate the output and select points of interest, points
where existing flow rates are critical and are to be pre-
gerved at their existing values.

Identify overall watershed runoff flows and the combination
and/or interaction of these flows using the Peak Flow Presen-
tation Table. '

Identify the actual flow value (in cfs) that a particular sub-
area contributes to the downstream point of interest.

Develop release rate percentages that are calculated to be
the individual subarea contribution to the peak flow rate
at the point of interest, divided by the individual subarea
peak flow rate.
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The release rate percentage concept has been developed to specifi-
cally provide for stormwater management control when the natural
timing of runoff flow becomes atered as a result of non-uniform de-
velopment. As a recommendation, every three to five years depending
on the rate of development, all new land use conditions should be
added to the data base and stormwater runoff simulation runs made
to determine if new development patterns have any impact on the
assigned release rate percentages. As land use is constantly varying
within an urban watershed, hydrologic conditions are also changing,
thereby requiring scheduled review of the release rate percentage
delineations.

In addition to Subarea Nos. 3 through 9 draining to Stackhouse
Mill Run, two other major tributaries to Ridley Creek exist within the
Delaware County portion of the Ridley Creek watershed. The drainage
areas of these two tributaries are also suitable for comprehensive
stormwater management through the application of the release rate
percentage concept. The one tributary is an unnamed stream draing
Subarea Nos. 23 through 26, Dismal Run is the second tributary, which
drains Subarea Nos. 28 through 33. Table V-4 lists the release rate
percentages developed for these subareas, based on points of interest at
Subarea Nos. 26 and 33, respectively.

TABLE V-4

RELEASE RATE PERCENTAGES FOR
SUBAREA NOS. 23 THROUGH 33

Subarea Number ‘ Release Rate Percentage
23 95%
24 100%
25 85%
26 100%
28 75%
29 100%
30 0%
31 80%
32 100%
33 b 100%

Using the Release Rate Percentage

In order to demonstrate specifically how the release rate per-
centage is applied during the design of a stormwater management
system for a new development site, an example is most effective. The
hypothetical situation serving as the example occurs in Subarea 25,
which, from referring to Table V-4, has been assigned a release rate
percentage of 85 percent.
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A person interested in developing a tract of land located in Sub-
area 25 desires to preliminarily design his stormwater management
system. From the stormwater management ordinance or stormwater
management section of the subdivision ordinance of the municipality
in which Subarea 25 is located, the person should review the criteria
appropriate for the design of stormwater management systems. One
important criterion would be the 85 percent release rate assigned to
the subarea in which he is planning his development.

The next step in the design of the stormwater management system
is to determine the pre-development peak runoff rates for all design
rainfall events (in the Ridley Creek watershed these are the 2-, 10-,
and 25-year rainfall events). The release rate percentage in a decimal
form (0.85) is then multiplied by the pre-development peak runoff
rates from all design rainfall events to define the maximum allowable
peak runoff rates from the development site after development. A
stormwater management site is, therefore, required to reduce the post-
development uncontrolled peak runoff rates from the three design rain-
211 events to 85 percent of the pre-development peak runoff rates prior
to leaving the development site.

The Direct Discharge Concept

The shape of the Ridley Creek watershed can be identified or
described on the basis of its width in relation to its overall length.
In fact, the length of the Delaware County portion of the Ridley Creek
watershed is approximately six times the average width. Therefore,
only a limited number of major tributaries to Ridley Creek exist, as
defined in the previous section of this chapter,

As a result, many subareas are situated adjacent to, or a short
distance from, Ridley Creek. All of these subareas have been given
100 percent release rate percentages. However, depending on the
location of a proposed development gite within these subareas, a per-
formance standard has been defined, the "direct discharge concept,”
which provides for an alternmative to normal on-site stormwater manage-
ment standards, that is, the standard whereby the post-development
peak rate of runoff is limited to the pre-development peak rate of
runof f.

The timing characteristics of peak runoff rates for the lower sec—
tion of the Ridley Creek watershed are presented in Table V-5 below.
As can be seen from a review of Table V-5, the time (after the be-
ginning of a rainfall event) at which the peak runoff rate is generated
from any subarea in the lower portion of the watershed, occurs at least
225 minutes prior to the time at which the peak flow occurs in Ridley
Creek at the outlet of the subarea. The direct discharge concept was
developed as a result of this lengthy period of time separating peak
runoff rates.
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TABLE V-5

TIMING OF PEAK RUNOFF RATES
IN THE LOWER SECTIONS
OF THE RIDLEY CREEK WATERSHED
(For the 25-Year Rainfall Event
and Existing Land Use Conditions)

INDIVIDUAL SUBAREA FLOWS COMBINED WATERSHED FLOWS
Peak Runoff Peak Flow
Rate Gener- Time of 2 Rate (cfs) Approximate Tige’
Subare ated from the QOccurrence in Rid-. of Occurrence
Number Subarea (cfs) (minutes) ley Creek (minutes)
34 218 300 ‘ 4825 525
35 84 300 4854 540
38 201 300 4925 540
4] 93 300 5021 540
472 202 300 5068 555
47 434 300 ‘ B203 570
50 237 300 5259 585
51 160 300 5275 600
54 293 300 5368 600
56 536 300 5539 660
57 281 300 5600 675
62 601 300 6035 675
63 230 300 6076 690
64 627 300 6167 705
65 899 300 62472 720

See Plate No. 2 for an identification of subarea locations.

7ero minutes is defined as the beginning of the 25-year rainfall
event.

The combined peak flow rate in the main portion of Ridley Creek
that results from flow contributions from upstream subareas.

The direct discharge concept relates to those proposed develop=
ment sites that are to be located adjacent to Ridley Creek, such that
all stormwater runoff drains through a storm drainage system directly
into Ridley Creek. In these development sites, stormwater runoff may
be conveyed directly to Ridley Creek, via the storm drainage system
and the outfall, without alteration of the post-development peak run-
off rate. The outfall structures, however, need to be properly
designed and constructed so as to prevent scour and erosion of the
Ridley Creek channel, which could result from the wvelocity of the
stormwater runoff.
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The Downstream Impact Evaluation

Many private developers feel that excessive regulations limit the
potential for innovative site planning and create a significant economic
burden. In response to this potential concern for future development
in the Delaware County portion of the Ridley Creek watershed, an
alternative performance standard has been developed for this pilot
stormwater management plan. The performance standard permits the
party interested in land development to have a professional engineer,
experienced in stormwater management planning and design, define
the level of stormwater runoff control required for the proposed land
development site. This evaluation ig, therefore, the individual land
developer's attempt at taking tyeasonable" steps to limit the down-
stream impacts from the proposed development site. This level is to
be defined by one of the following criteria:

a. 1In those areas of the watershed where man-made stormwater
conveyance channels (i.e., closed storm sewers, concrete—
lined channels, rip-rap protected channels, etc.) discharging
directly into Ridley Creek exist or will be constructed, the
total stormwater runoff flow during the design rainfall events
may be directed through these channels without alteration
of the post-development peak runoff rate if sufficient capacity
in the conveyance channel is available. This criterion can
allow for a condition where the post-development peak runoff
rate from a site does, in fact, exceed the pre-development
value-—when it can be shown that reasonable steps are being
taken to reduce the potential for downstream 'storm runoff
impacts, utilizing acceptable data and calculation procedures.

b. In any area of the watershed, a post-development discharge
rate which is greater than the prescribed release rate per-
centage may be allowed if it can be reasonably shown (again,
through the wuse of acceptable engineering data, analysis, .
and design) that the potential for storm runoff damage to
downstream areas of the watershed is minimal. An evalua-
tion (i.e., the downstream impact evaluation) must be per-
formed which demonstrates that at any point in time, the
flow rates on the existing conditions runoff hydrograph at
the outlet of the subarea(s) in which the development - site
is located are not increased by more than five percent for
storm discharges resulting from future conditions runoff (with
stormwater management provisions) for the 2-, 10-, and 25~
year rainfall events. Existing conditions shall be those land
use conditions that were considered for this pilot plan.
Existing condition runoff hydrographs for all subareas
resulting from the watershed modeling completed for this
study are available from the Delaware County Planning
Department.
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Not only does this performance standard give the engineer greater
flexibility, but it also:

o

(o]

Fulfills the perceived intent of Section 13 of Act 167

Advises the party that is interested in development of a
particular property of potential downstream impacts for which
responsibility and lability for storm runoff damages may
exist if measures are not taken to eliminate the potential
impact

Allows for maximum use of the information compiled from the
watershed modeling procedures, i.e., the watershed land use
characteristics, peak stormwater runoff rates, and subarea
hydrographs

Using the Downstream Impact Evaluation Option

One method for completing Item b of the downstream impact evalua-
tion involves the following steps:

1.

2.

Identify the subarea in which the proposed development site
is located.

Caleulate the full stormwater runoff hydrographs from the
proposed development site (2-, 10-, and 25-year design
rainfall events) for the following conditions:

o pre-development conditions
o pos't-development conditions
0 post-development conditions with a proposed stormwater

management system

A recommended method for developing these hydrographs is
provided in SCS's "Urban Hydrology for Small Watersheds"
(TR—55)0

Determine the time required (i.e., the Vtyravel time") for a
unit of volume of stormwater runoff to flow from the outlet
point of the proposed development site to the outlet point of
the subarea in which the site is located.

Prepare a graph that includes the runoff hydrographs for the
proposed development site developed in Step 2 above. In
addition, obtain the runoff hydrographs for the subarea in
which the proposed development site is located for the 2-,
10-, and 25-year rainfall events from the Delaware County
Planning Department (see Figure V-6). The subarea runoif
hydrographs are a direct output of the watershed model that
has been developed and calibrated for this pilot study.
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FIGURE V-6  ILLUSTRATION OF THE
- HYDROGRAPHS REQUIRED
EXAMPLE SUBAREA  FOR THE DOWNSTREAM
IMPACT EVALUATION
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Caleulate the difference in runoff rates, if any, between the
pre- and post-development hydrographs for the development
site (with a proposed stormwater management system) for at
least five specific times spaced evenly throughout the dura-
tion of the design rainfall/runoff events (see Figure V-6).

1f, at any specific time, a runoff rate on the development site
post-development hydrograph (with a stormwater management
system) is greater than the runoff rate at the same time on
the pre-development hydrograph, this increase should be
added to the subarea hydrograph at that specific time (see
Figure V-6).

1f, at any specific time, the increase in runoff rate is cal-
culated to be greater than five percent of the original runoff
rate on the subarea hydrograph, then the proposed storm-
water management system should be modified to reduce the
increase to less than five percent.

Example Computation:

A. At a point 22 minutes after the beginning of the runoff
event, the contribution to the stormwater runoff rate
from the development site has increased above pre-
development conditions by approximately 6 cfs (with
stormwater management provisions):

- The pre-development stormwater runoff rate from
the development site that has traveled to the sub-
area outlet point 22 minutes after the beginning of
the runoff event = 6 cfs.

- The subarea stormwater runoff rate 22 minutes after
the beginning of the runoff event prior to new
development conditions = 25 cfs.

- The post-development (with stormwater management
provisions) stormwater runoff rate from the
development site that has traveled to the subarea
outlet point 22 minutes after the beginning of the
runoff event = 12 cis.

B. The increase in the subarea stormwater runoff rate at
2?2 minutes is 6 cfs with the proposed stormwater manage-~
ment provisions in place. Therefore, the percent in-
crease in the subarea stormwater runoff rate at 22
minutes is greater than five percent above the pre-
development stormwater runoff rate:

6 cfs x 100% = 24 percent
25 cfs
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In this illustration, the downstream impact criterion has
not been attained and adjustments to the stormwater
management system are required.

8. When the increase in the subarea runoff rate is below five
percent for the post-development condition (with the storm-
water management system) at all five specific times during the
rainfall/runoff event, the downstream impact evaluation
standard is achieved.

The procedure described above is one of many appropriate en-
gineering analyses for completing the downstream impact evaluation.
Other procedures include computer modeling of the subarea divided into
tgub-subareas," or the Tabular Method presented in SCS Technical
Release No. 55, etc. -The main objective of presenting this spedific
procedure was to better illustrate the general content of the downstream
impact evaluation,

On-Site Infiltration

An extremely important requirement within the Delaware County
portion of the Ridley Creek watershed is the continued availability of a
high quality water resource. The Borough of Media provides water
service to the Boroughs of Media and Rose Valley, Ridley Creek State
Park in Edgmont Township, and portions of Upper Providence, Nether
Providence, Middletown, and Aston Townships and Chester Heights
Borough., The sources of supply for the Borough are Ridley Creek
(3.0 MGD allocation), Chester Creek (3.0 MGD allocation}, and a well
(capable of supplying 0.25 MGD). In addition, water is also purchased
from the City of Chester Water Authority at the rate of 100,000 gpd,
up to a maximum peak rate of 150,000 gpd. The water from the
Chester Water Authority is considerably more expensive per 1,000
gallons than the cost required for the Borough of Media to withdraw
water from Ridley Creek and treat that water for distribution to its
service area. ’

Yield Deficiencies in the Media Borough System

Available water resource information was found in the August,
1982, "Report on the Application for Water Allocation by the Borough of
Media," prepared by the Bureau of Resources Programming, Division of
Comprehensive Resources Programming, PA DER. Table V-6 lists the
magnitude and frequency of annual low flow for Ridley Creek at the
Media Borough intake.
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From Table V-6, the Q?-lO flow (the average low flow that will occur
over a seven-day period, once every ten years) of Ridley Creek is
3.8 MGD (5.8 cfs).

Downstream from the Media Borough intake, two municipal waste-
water treatment plants (Media Borough and Rose Valley) with treat-
ment capacities of 1,8 MGD and 0.13 MGD respectively discharge their
effluents into Ridley Creek. The Bureau of Water Quality Management,
PA DER, requires a minimum of 1.9 MGD (3 cfs) to pass the intake
for adequate assimilation of the sanitary wastewater effluents. How-
ever, following normal PA DER procedures, a conservation release
or low flow pass-by of 0.15 cubic feet per second per square mile
(csm) is required, The low flow pass-by, using this criterion, is
2.9 MGD (4.5 cfs). Therejfore, during the most frequently evaluated
low flow event, i.e., the ~7-10, ié PA DER regquires a pass-by flow
of 2.9 MGD (4.5 cfs) and the 7-10 is 3.8 MGD (5.8 cfs), the
difference between these, or only 0.9 MGD, can be withdrawn from
Ridley Creek. This flow is far .less than that which is necessary to
supply the Media system.

In order to thoroughly analyze the availability of flow based on
the required low flow pass-by, the relationship between flow rates and
the percent of time a specific flow rate will be exceeded was developed
(Table V-7) for Ridley Creek at the Media Borough intake. Table V-7
indicates that the flow in Ridley Creek at the Media Borough intake is
greater than or equal to 5.9 MGD (9.1 cfs) 95 percent of the time,
During this condition, 3.0 MGD (5.8 cfs) can be withdrawn and still
allow for the low flow pass—by of 2.9 MGD (4.5 ¢fs). However, for
the remaining five percent of the year, or eighteen days, the Borough
of Media may not be able to withdraw the required 3.0 MGD because
of the infringement on the PA DER low flow pass-by. For example,
if the flow in Ridley Creek drops to 4.2 MGD (6.5 cfs), 2.9 MGD
should be maintained as the low flow pass-by, leaving only 1.3 MGD
for withdrawal by the Borough of Media,

TABLE V-7
OCCURRENCE OF DAILY FLOW - RIDLEY CREEX
AT BOROQUGH OF MEDIA INTAKE
Period of Record: 1932-1954

Discharge Which Was Equaled or Exceeded for Indicated Percent of Time

Percent: 2 5 10 20 30 40 50 60 70 _80 90 95 98
cfs 169 103 75 53 41 34 29 24 21 17 12 9.1 6.5
MGD 109 67 48 34 26 22 19 16 14 11 8 5.9 4.2

In order to define a potential yield deficiency for the overall Media
Borough system, a mild drought condition reflecting the seven-con-
gsecutive day, five-year (Q’?-S) low flow condition was analyzed, and the
results are presented in Table V-8,
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TABLE V-8
YIELD DEFICIENCY IN THE MEDIA BOROUGH
WATER SUPPLY SYST&M DURING A MILD DROUGHT
(™“7-5 Flow)

Ridley Creek Chester Creek

cfs cfs
Total flow available at intake 7.3 13.5
Less: Conservation release pass-by 4.5 10,8
2.8 ' 2.7
Flow available for withdrawal 2.8+ 2.7 = 5.5 cfs = 3.55 MGD
Add: Withdrawal from well .25 MGD
Add: Contract limit on water pur- .15 MGD

chased from Chester Water Authority

Total water supply available for 3.95 MGD
delivery to water system

3 year average of average daily 4.44 MGD
demand (1978, 1979, 1980)

Yidd Deficiency (R7-5 flow) .49 MGD

It can be seen from Table V-8 that during the mild drought situa-—
tion that was considered for this evaluation, either the Borough would
have to increase its purchases from Chester Water Authority or cut into
the flow that is dedicated to instream needs or downstream uses.

The Impact of Future Development on Baseflow in Ridley Creek

The information presented above illustrates the imperative need
for conservative and efficiently managed utilization of all water re-
sources within the Ridley Creek watershed, including the "forgotten
resource," i.e., stormwater runoff. In almost all comprehensive
stormwater management programs, little or no thought is given to the
beneficial use of stormwater runoff. Techniques for controlling the
pedk runoff rates and the potential for an increase in the frequency
of flooding typically are the only types of management approaches
evaluated. However, by using PSRM to simulate the quantity of
stormwater that will infiltrate or pond in surface depressions during
frequently occurring rainfall events, the potential loss of stormwater
for infiltration during these events was simulated for existing and
future land use conditions.

A definite relationship exists between rainfall, stormwater runoff,

groundwater, and streamflow in the Ridley Creek watershed. The
bedrock underlying this area consists of metamorphic and igneous rock
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types. Groundwater within the bedrock is obtained from fractures and
along "secondary openings" in the rock, i.e., planes of schistosity
and foliation in the bedrock., The size, number, and orientation of
these secondary openings determine the quantity, depth, rate, and .
direction of movement of groundwater within the consolidated rock.

The flow of groundwater in the soil and weathered rock zone,
however, is primarily dependent '‘upon the groundwater levels and
gradients in any given area. In southeastern Pennsylvania, the
groundwater surface is generally similar to and may be considered
to be a subdued reflection of land topography. That is, the direction
of groundwater flow typically follows the slope of the land surface
until reaching a point where the groundwater flow discharges into the
regional surface water flow pattern (such as streams and drainage
swales). Since the groundwater flow direction is a reflection of the
topography, topographic divides are generally equivalent to hydro-
geologic divides, The topographic divides can, therefore, be inferred
to define the boundaries of a groundwater or hydrogeologic system.
The groundwater surface. is, therefore, exposed as baseflow in the
stream within the Ridley Creek watershed.

Currently in most areas of the Ridley Creek watershed, storm-
water generated during any rainfall event is permitted to run off{ into
streams and, within 24 hours, washes into the Delaware River. How-
ever, if the stormwater flows are directed to infiltration devices or
collected, stored, and conveyed to specially prepared infiltration
areas, the stormwater will augment the groundwater in the uncon-
solidated soil and weathered rock zone. Later, during drought con-
ditions, the baseflow of streams will ultimately be higher.

The Process for Determining Watershed Stormwater Infiltration
Volume

The first step in the investigation of stormwater volumes being
lost to runoff during any year was to define rainfall volumes which
represent frequently occurring rainfall events in Delaware County.
Rainfall data for 1980 and 1981, as recorded by the rainfall gage at
Philadelphia International Airport, was analyzed as a part of the
stormwater infiltration element of the overall work program for this
pilot plan. A specific rainfall event was defined to have a total volume
of 0.10 inches or more. In addition, at least three hours of elapsed
time without rainfall were necessary in order to separate consecutive
rainfall events. The number of total events in the two-year analysis
period, based on these criteria, was 130. All rainfall events were
ranked and assigned plotting positions for purposes of developing a
rainfall event probability graph for the Delaware County area (Figure
V-7). A cumulative frequency distribution plot (i.e., the percentage
of the total number of recorded rainfall events with a given storm
duration) of the duration of these rainfall events was then developed
(Figure V-8)., The rainfall event duration that is equal to, or greater
than, fifty percent of all events was determined to be six hours.
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The rainfall volume of the mean event was determined to be 0.57
inches. In order to determine an approximate average number of
rainfall events per year, the long-term average yearly rainfall volumes
were developed from information for three rain gages (Marcus Hook,
West Chester, and Philadelphia International Airport) surrounding the
Ridley Creek watershed. An average of the information from the
three gaging stations was 41.5 inches per vyear. Therefore, the
number of rainfall events per year was assumed to be 41.5 inches
divided by 0.57 inches per event, or an average of 73 events per
year for the Ridley Creek watershed.

Four rainfall events were selected for use in simulating the
quantity of stormwater that would potentially be available for infil-
tration considering both existing and future land use conditions.
These four statistical events were:

Total Inches of Rainfall For

Statistical Event1 the Statistical Event
50% 0,40
80% 0.84
90% 1.26
99% 3.00

Probability of any rainfall event being equal to or less than this
particular event

The rainfall volumes listed above werée distributed over the six-
hour event duration using the SCS8 Type II distribution (discussed
in greater detail in Chapter IV). These rainfall volumes were then
used as direct input to the PSRM that was calibrated for simulation-
of storm events in the Ridley Creek watershed. The results of the
eight simulation runs specifically relating to the quantity of rainfall
which will potentially infiltrate to the groundwater are given in Table
v-9. '

TABLE V-9
THE QUANTITY OF RAINFALL THAT WILL

POTENTIALLY INFILTRATE TO THE SHALLOW
GROUNDWATER (First 42 Subareas)

Rainfall Event Rainfall Quantity of Rainfall that Will Loss Resulting
and Land for Potentially Infiltrate to the from Increased
Use Condition  Event Shallow Groundwater in: 1 Impervious Arga
Million Gals. Million Gals.
Inches Inches Acre-Inches Per Event Per Event
50 Percent:
Existing 0.40 0.39 3,018 82
Future 0.40 0,38 2,940 80 2
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TABLE V-9

THE QUANTITY OF RAINFALL THAT WILL
POTENTIALLY INFILTRATE TO THE SHALLOW
GROUNDWATER (First 42 Subareas)

(CONTINUED)
Rainfall Event Rainfall Quantity of Rainfall that Will Loss Resulting
and Land for Potentially Infiltrate to the from Increased
Use Condition Event Shallow Groundwater in: Impervious Arga
Million Gals. Million Gals.
Inches Inches Acre-Inches Per Event Per Event
80 Percent:
Existing 0.84 0.80 6,191 168
Future 0.84 0.78 6,036 164 4
90 Percent:
Existing 1.26 1.06 8,203 220
Future 1.26 1.00 7,739 210 10
99 Percent:
Existing 3.00 2.44 18,883 510
Future 3.00 2.38 18,419 500 10
1

Values, in million gallons, are for each individual rainfall event.
Considering 73 events per year will allow for the identification
of average annual shallow groundwater recharge, or loss.

Potential Streamflow Loss Resulting from Future Development

In order to determine the reduction in the quantity of infiltration
that would be expected in the Ridley Creek watershed if development
occurs, as projected, in Subarea Nos. 1 through 42, the inches of infil-
trated rainfall were plotted against the probability of an event's occur-
rence for both present and future land use conditions (Figure V-9),
The area under both the curves, i.e., for existing (the upper curve)
and future land use conditions (the lower curve), were calculated in
order to define the mean (average) quantity of rainfall which will in-
filtrate during any rainfall event during any year.

The shaded area between the upper and lower curve (Figure V-9)
represents the quantity of rainfall that will not infiltrate, considering
future land use conditions, resulting from an increase in impervious
area in Subarea Nos., 1 through 42. This quantity of rainfall will be
lost to runoff (i.e., will not serve to augment shallow groundwater)
unless physical infiltration techniques are implemented. These can be
used in new development sites, if applicable, or may consist of a more
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regional recharge scheme, as will be fllustrated in a later section of this
chapter. Table V-10 lists the estimated quantity of rainfall that is lost
to runoff during the mean event, as well as the potential total quantity
of water that is lost to runoff over the entire year, if new land de-
velopment were to occur and natural infiltration is not augmented.

TABLE V-10

ESTIMATED INCREASE IN RAINFA%L LOST
TO. STORMWATER RUNOFF

Runoff Naturally Infiltrating During
the Mean Rainfall Event
Inches Acre-Inches Million Gals.

Existing land use conditions 0,510 3,947 19
Projected future land use

conditions 0.485 3,753 18
Loss, for "average" rain-

fall event 0.025 194 1
Total loss per year: 1 million gallons x 73 average rainfall events

average rainfall year
event

= 73 million gallons per year

If projected future development occurs without applying infiltra-
tion techniques

Considers the land area within Subarea Nos. 1 to 42 (see Plate
No. 2)

A Non-Structural Planning Recommendation for Integrating Infil-
tration Facilities in New Development Sites

In the previous sections of this chapter, the potential loss of
rainfall to stormwater runoff resulting from the imperviousness created
by potential new land development was fllustrated. The evaluations
that were conducted for this pilot project indicate that if future de-
velopment in the first forty-two subareas in Delaware County were to
occur as projected, a total of 73 million gallons of rainfall (which
naturally would have the opportunity to infiltrate) would be lost to
direct stormwater runoff.

The need for maintaining an adequate minimum streamflow in
Ridley Creek in order to satisfy the water supply requirements of the
service area was presented in a previous section of this chapter. As
described, a majority of the rainfall which normally infiltrates will
ultimately become normal flow (baseflow) in Ridley Creek. Therefore,
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a direct correlation exists between stormwater infiltration and the flow
in Ridley Creek during drought conditions. That is, if rainfall were
entirely lost to direct stormwater runoff, the potential exists that the
Media Water Authority would not be able to withdraw the needed 3
million gallons per day from Ridley Creek.

As a result of this high priority for maintaining a readily avail-
able water resource (that is, maintaining baseflow conditions in the
streams) within the Delaware County portion of the Ridley Creek
watershed, a procedure has been developed to identify a reasonable
amount of stormwater infiltration that could be readily implemented
on new development sites in those subareas tributary to the Media
Borough intake on Ridley Creek (Subarea Nos. 1 through 42, not in-
cluding Chester County subareas).

The procedure that has been identified (described below) for pro-
moting continued infiltration of stormwater was developed on the basis
of the following very important considerations:

o The calculations that are required to determine the infiltration
volume are, basically, those that are now being used in many
areas of the County, i.e., the SCS technique and/or pro-
cedure.

o The infiltration volume that is being pointed out as being
realistic is based entirely on the soil conditions found at
a particular site in its existing condition.

o The typical amount of infiltration that would be identified
for a site could be realistically handled by "standard" in-
filtration devices, such as small subsurface seepage pits.

o The anticipated cost for the infiltration systems would be
low.

The calculation procedure for determining a realistic quantity for
infiltration on any specific development site was developed utilizing
widely used stormwater runoff equations derived by the United States
Department of Agriculture, Soil Conservation Service. (SCS). This
calculation base is a part of a widely known SCS publication, "Urban
Hydrology for Small Watersheds," Technical Release No. 55 (TR-55).
The step-by-step method for calculating a realistic quantity of storm-
water infiltration on a new development site is presented below:

1. Use Table V-11 to determine the runoff curve number for the
various pre-development land use areas on the proposed
development site.

2. Compute the weighted runoff curve number as illustrated in
the following example:
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TABLE V-11

Runoff curve numbers for selected agricultural, suburban, and
urban land use. (Antecedent moisture condition II, and I, = 0.25)

IYDROLOGIC SQIL GROUP
LAND USE DESCRIPTION
A ] e D
Cultivatad J.and.i/ 1 without conservatiocn trestment T2 a1 a8 91
: with conservaticn treatment 62 T1 78 &1L
) Pasturs or range land: poor condition 68 | 719 as g9
good cendition 39 51 Th 8¢
Mandow: good condition . kv 58 T 78
Wood or Yorsst land: thin stand, poor cover, no mulch '] &6 T 83
good coverd/ a3s | 55 (70| 77
Gpan Spaces, lawun, parks, golf courses, cemeteries, sto.
good condition: grass cover on 5% or mors of the ares i 6l T4 80
fair condition: grass covar on S0% %o 75% of the ares 49 69 19 8k
Commersisl and business areas {35% impervious) 89 92 b 95
Industrisl districts (72% impervious). & | 88 | 91 | 93 [
Residentiai: 2/
Averagas lot size Average § Imperviou.s:/
1/8 scre or leas . 65 T 35 30 92
1/ acra 38 61 15 43 a7
1/3 scre 0 57 12 81 86
1/2 mere 25 5h T0 8o as
1 sore 20 51 68 19 8h
Paved parking lats, reors, drivewsys, ete,l/ 98 | 98 | 98 | oa
Streets and roads:
paved with curbs and storm sewerad! 98 38 28 98
ararvel 78 8s 39 91
airt 72 | 82 | a7 | 8

i FPor s more detailed description of sgriculturel land use curve aumbers refar %0
Naticosl Engineering Handbook, Secticn 4, Hydrology, Chaptar 3, Aug. 1972. -

i Good cover is protactad from graring and littar and brush cover soil.

1/ Curve mmbers are scmputed assuming the runeff from the house and drivevay
ts directed towerds the street with a minimm of roof water directsd %o lawvns
vhere additicnal Lpfiletration could oecur.

& mhe remaining pervicisd Lreas (1awn) sre considared %o be in good pasturs condition
for these curve numbers,

8 In scoe warmar climates of the country s curve mumber of 95 may be used,

SQOURCE: Soil Conservation Service, "Urban Hydrology
for Small Watersheds," Technical Release No.
55 (TR-55), U.S. Department of Agricul-
ture.
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In its pre-development condition, a 100-acre site proposed for
development is 50 percent woodland with poor cover, 25
percent meadow in good condition, and 25 percent cultivated
land without conservation treatment. All the soils are in
hydrologic soil group C.

Example Computation:

Runofif
Curve Number
Land Use Percent (Table V-10) Product
Woodland with poor cover 50 X 77 = 3,850
Meadow in good condition 25 x 71 = 1,775
Cultivated land without
conservation treatment 25 x 88 = 2,200
100 7,825
weighted CN = 7,825 = 78
100
3. Use the following equation relating the "potential maximum

retention" (the potential maximum retention includes the total
rainfall volume which can be intercepted by vegetation,
infiltrates into the ground, and/or is stored in natural or
man-made surface storage features over an area with specific
land use conditions) to the weighted CN value for pre-
development conditions in order to calculate the potential
maximum retention for a particular site:

S = 1,000 - 10, or, for this example,
weighted CN
S = 1,000 - 10
78
S = 2.82 inches of "potential maximum retention”

for the characteristics of the site being con-
sidered for this example

Determine the initial abstraction (the initial abstraction is that
portion of the potential maximum retention which must be filled
before surface runoff begins) for the physical characteristics
of the site, which includes all the storm rainfall occurring
before surface runoff starts, by using the relation developed
by SCS:

Ia = 0.2 x potential maximum retention, or, for this example,
Ta = 0.2 x (2.82)
Ia = 0.56 inches
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Compute the weighted runoff curve number for the proposed
post-development land use conditions. For the example being
used here, this involves the consideration that all the cul~
tivated land and meadow is converted to a townhouse develop-
ment with 1/8-acre lot sizes and half the woodland is con-
verted to single family homes with 1/2-acre lots.

Example Computation:

Runof{
Curve Number
Land Use Percent (Table V-10) Product
Townhouse development
(1/8-acre lots) 50 x 90 = 4,500
Single family homes
(1/2-acre lots) 25 x 80 = 2,000
Woodland with poor cover 25 x 77 _ = 1,925
100 8,425
Thus: weighted CN = 8,425 = 84
100

Calculate potential maximum retention as in Step 3:

S = 1,000 = 10
84
S = 1.9

Calculate the initial abstraction as in Step 4:

Ia
Ia

(1.9}

Hon
<o
oo
M

Determine the realistic quantity of infiltration on the proposed
development site, equal to the initial abstraction (Ia)
determined for pre-development conditions minus the Ia
determined for the proposed land use conditions, or:

Ia (existing) - Ia (future) = realistic infiltration quantity
For this example: 0.56 - 0.38 = 0,18 inches

Therefore, design physical stormwater infiltration techniques
that will adequately provide for the recommended minimum
infiltration with positive overflow to the other on-site storm-
water management facilities, For the example:

0.18 inches x 100 acres x 43,560 feet’/acre = 65,340 ft°

12 inches/ foot
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Structural Stormwater Management Techniques

Structural stormwater management control techniques can be either
on-site (serving one particular site) or off-site (serving more than one
site collectively). This section includes a short discussion of on-site
techniques which are applicable for use in the Ridley Creek watershed,
The potential use of three particular off-site systems will be discussed
in detail later in this chapter.

The designer is not restricted to the listed on-site techniques
and is encouraged to apply more elaborate techniques when appropriate
and feasible, particularly in unique situations. - A process for designing
a coordinated on-site stormwater management system for a development
site, incorporating the non-structural elements of the pilot study, is
also presented. ’

On-Site Control Techniques

Table V-12 presents a list of on-site stormwater management
techniques that were evaluated and found to be appropriate for
controlling increases in peak runoff rates and decreases in infiltra-
tion resulting from urban development in the Delaware County portion
of the Ridley Creek watershed. The reader is encouraged to refer
to other texts and manuals for specific design details and limitations
characteristic of each of the proposed techniques.

When evaluating the potential use of any of the infiltration systems,
detailed soil and geologic investigations are required. to define their
applicability for any development gite.

TABLE V-12

ON-SITE STORMWATER CONTROL TECHNIQUES
FOR THE DELAWARE COUNTY PORTION
OF THE RIDLEY CREEK WATERSHED

Type of Control Provided Technique
Infiltration of precipitation 'at source' Dutch drains, gravel-filled
prior to concentration difches with optional drain-

age pipe in base
Porous paving - asphalt

Precast concrete lattice
blocks and bricks

Increase time of concentration by Terraces, diversions, run-
increasing length of overland flow off spreaders, etc.
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TABLE V-12

ON-SITE STORMWATER CONTROL TECHNIQUES
FOR THE DELAWARE COUNTY PORTION
OF THE RIDLEY CREEK WATERSHED

(CONTINUED)

Type of Control Provided

Infiltration of runoff after prelimi-

nary concentration

Peak runoff rate reduction

Dutch Drains

Dutch drains are simply gravel-filled ditches.
entirely gravel-filled or covered with topsoil and seeded.

Technique
Seepage pits or dry wells,
pits usually filled with

gravel or rubble, sometimes
cased

Seepage beds or ditches

Seepage areas {multi~use)
Detention basins

Parking lot storage

The ditch may be
When the

top surface area of the drain is very wide, the drain usually is covered
with brick lattice or porous block (Figure V-10).

FIGURE V-0 DUTCH DRAINS

set on
a crushed
stone base
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Dutch drains are suggested for use as dividing strips between
areas of impermeable paving to collect sheet runoff. Another location
where Dutch drains are implemented is parallel to sidewalks which are

gently sloped to the drain.

1f tile drains are set at the base of Dutch drains and connected
into the storm sewer system, an effective reduction of peak runoff
rates will result during intense storms. This same benefit will result
from providing longitudinal fall along the Dutch drain, allowing runoff
to other facilities in the development site's stormwater management
system during excessively heavy rainfail. ' ’

Porous Paving - Asphalt

Porous pavement is a special asphalt mixture designed to pass
water at a high rate to a specially prepared subbase. The special
subbase is thicker than a normal gravel subbase and is composed of
coarsely graded stone which supplies a large amount of void space
for runoff storage capacity. Table V-13 is included to indicate normal
requirements for surface and subbase thicknesses., This table provides
a guide for estimated runoff storage capacity. Figure V-11 shows a
typical porous pavement cross-section and design elements. ‘

STONE GRADATION
FIGURE V-I1 A= 3/8"—i/2"
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TABLE V-13

REQUIREMENTS FOR SURFACE AND BASE
COURSE WHEN APPLYING POROUS ASPHALT PAVING

Surface Base Reservoir Capacity
Traffic Thickness Thickness In. of Rainfall
Load CBR DTN (in.) (in.) Surface Base Total
2 1 4 6 .60 1.80 2.40
Light 2 10 4 12 b0 3.60 4,20
2 20 4,5 13 ) 3.90 4,56
Medium 2 "50 5 14 .75 4.20 4,95
2 100 5 16 .75 4,80 5.55
Heavy 2 1,000 6 20 .90 6.00 6.90
2 5,000 7 22 1.05 6.60 7.65
CBR = California Bearing Ratio
DTN = Design Traffic Number
Note: (1) A minimum surface thickness of 4 inches is used regard-

less of DTN,

(2) The estimated volume of voids in the base aggregate is
40%.

(3) Frost heaving: if the combined surface and base thick~
ness is less than anticipated frost penetration, additional
base is required.

SOURCE: University of Delaware, Water Resources Center, April, 1974,

The rapid passage of runoff through porous pavement can greatly
reduce runoff from paved areas. High infiltration rates have been
reported through new porous pavement surfaces. Pavement and sub~

base storage may provide for over seven inches of runoff.

Special attention must be given to maintaining the porous pave-
ment. Under certain circumstances the surface may become clogged
and its permeability reduced. Inadequate maintenance, rain on a
frozen surface, and certain conditions during snow melt may all result
in runoff, even though porous paving is being used.

Pre-Cast Concrete Lattice Blocks and Bricks

There are various types of pre-cast paving slabs which provide
a hard surface and vyet are porous to varying degrees. Perforated
slabs may be used to cover Dutch drains between areas of impermeable
paving (making a lattice of permeable paving through a parking area).
Tree pits covered with brick strips may be used in a similar way.
Various types are shown in Figure V-12.

124



.FIGURE V-2
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Terraces, Diversions, and Runoff Spreaders

By increasing the time of concentration of runoff (that is, in-
creasing the overland flow time), the runoff hydrograph from a develop-
ment site can be flattened, thereby reducing peak runoff rates. This
can be achieved by spreading runoff or by directing it into a system
of trenches. The increased overland flow time may also significantly
increase the infiltration of runoff, particularly on well-drained sites.

Seepage Pits or Dry Wells

Seepage pits collect runoff.and store it until it infiltrates into the
soil. However, unlike Dutch drains, seepage pits do not conduct
water along their length when filled. Unless the seepage pit is
designed to take the total amount of anticipated runoff for a design
storm, some provision for "positive" (i.e., directed toward some other
source of defined discharge) overflow must be made. In order to
have the maximum benefit in reducing peak runoff rates, the pit should
overflow during intense storms before its capacity is reached (Figures
V-13 and V-14).

FIGURE V-3

lllustrating o system where a
seepage pit receives runoff from
a roof and parking lof.
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FIGURE ¥-14
SEEPAGE PIT CONFIGURATIONS
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PROVIDED FOR PERIODIC CLEANOUT
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Seepage Beds or Ditches

Seepage beds (Figure V-15) provide for infiltration of runoff into
the soil via a system of drains set in ditches of gravel. These systems
only reduce the volume and velocity of runoff and, therefore, require
a positive overflow system for excess runoff. There are several
advantages to seepage bed systems resulting from the fact that they
distribute water over a larger area than can be achieved with other
infiltration techniques. As a result, a lower potential exists for
clogging. In fact, a seepage bed system may be placed under paved
areas if the bearing capacity of the pavement is not affected.

FidureY- 15
SEEPAGE BEDS
( Typical Dimensions)

10" minimum

Filrer Fabric

Grovep i} Perforated

Crain Pipe

‘Seepage Areas (Multi-U se)

Seepage areas allow for a percentage of annual rainfall to infiltrate
into the ground, thereby recharging the groundwater system. Seepage
areas serve to store excess runoff and to provide for multi-purpose
use of such a facility through careful design for recreational use,
parking, or open space (Figure V-16).

Detention Basins
Detention basins, when adequately designed, reduce the peak
rate of runoff discharging from a developed area by storing a portion

of the stormwater runoff and attenuating the hydraulic response of
the developed area. A term often confused with detention basins is
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FIGURE V-16 MULTI-
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retention basins. Retention basins involve a much larger impoundment
volume permitting permanent storage of stormwater. A retention basin
is defined as any type of detention facility not provided with a positive
outlet. The water that is stored in a retention facility either infil-
trates or evaporates but is not discharged.

Therefore, detention is defined as delaying a portion of the
stormwater runoff associated with a storm for a period of time that
is in excess of the natural runoff duration. The ultimate objective
of this type of stormwater management technique is to reduce the peak
discharge rate by storing a certain amount of storm runcff and allowing
it to be released at a flow rate that is designed to not cause injury (see

Figure V-17).

FIGURE V-I7 DETENTION BASIN INFLOW
AND QUTFLOW HYDROGRAPHS

600
500 -

Inflow
400

Outflow
200

100

TIME (HRS) .

Because a detention basin or other facility providing similar runoff
control is used as an element in most stormwater management plans
for new development sites, additional information concerning their
design and use in the Delaware County portion of the Ridley Creek
watershed is provided. The typical design procedure (Appendix D
provides a more detailed discussion) is as follows:
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7.

Define the site conditions (pre- and post-development).

Determine the total quantity of stormwater runoff that will
arrive at the entrance of the detention facility for the 2-,
10-, 25-, and 100-year rainfall events. (Note: the post-
development runoff quantity can be reduced by the amount
proposed for on-site infiltration, where applicable.)

Develop runoff hydrographs (i.e., full hydrographs, as
opposed to only peak flow rates) for the 2-, 10-, 25-,
and 100-year rainfall events (pre- and post-development).

Determine a preliminary basin' size and develop a depth vs.
storage relationship for the proposed basin configuration.

Select an outlet control structure for the proposed detention
basin (e.g., an outlet pipe and riser), and define its
hydraulic characteristics (i.e., a headwater depth wvs., dis-
charge relationship).

Using the information developed in Step Nos. 4 and 5 (i.e.,
the relationship between storage and discharge), route the
inflow hydrographs through the basin and develop outflow
hydrographs. An example of a technique for doing this is
provided in '"Introduction to Hydrology," Viessman, et al,
(Intext Educational Publishers, 1972).

Evaluate the basin design, considering the impacts that the
proposed basin will have on downstiream areas.

If a detention basin is an element in the stormwater management
plan for any new development in the Delaware County portion of the
Ridley Creek watershed, the following criteria should be used for the
evaluation of the basin design:

0

The peak discharge from the basin shall be no greater than
the pre-development peak runoff rate from the development
site during the 2-, 10-, and 25-year design rainfall events.
(A person involved in the site design should be certain that
all site runoff for these rainfall events is conveyed to the
detention basin via storm sewers or other appropriate sur-
face drainage channels.) This identifies a need for detention
basin outlet structures to have multiple control capability,
One method of providing multiple control capability for a
detention basin is to use multiple pipe/riser outlet structures.

For development sites located in subareas for which release
rate percentages of less than 100 percent were assigned,
the peak discharge from the basin for post-development
conditions shall be no greater than the peak runoff rate
defined by applying the appropriate release rate percentage

[l
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to the pre-development peak runoff rate from the development
site during the 2-, 10-, and 25-year design rainfall events.

o For storms in excess of the 25~year design rainfall event up
to the 100-year rainfall event, the stormwater detention basin
shall have the capability of safely passing the peak storm-
water runoff rate through an emergency spillway (see
Appendix D for details). "Safely" is being used here to mean
"in a manner that will not result in physical damage" to the
detention basin., In that the discharge facilities in the
detention basin are to be sized so as to control the 25-year
design storm event, some form of protection needs to be
provided for the occurrence of the 100-year design storm
event., The typical approach that is used to provide this
additional level of protection is to install an "emergency
spillway." For example, the peak flow rate associated with
the 100-year design rainfall event should be able to pass
through the emergency spillway of a detention basin without
overtopping the embankment of the basin.

That is, the water surface elevation in the detention basin
during the 25-year rainfall event shall be designed to be at
the crest of the emergency spillway. A minimum of two
additional feet of embankment shall be provided above the
crest of the emergency spillway to pass the 100-year design
storm flows "safely" through the detention basin without
overtopping the detention basin embankment.

Prior to selecting the 25-year rainfall event as the maximum storm-
water management design event for the Delaware County portion of the
Ridley Creek watershed, the potential impact of detention basins
designed to meet this criteria was analyzed. Detention basins sized to
accommodate a 25-year design storm event were conceptualized in
Subarea Nos. 3, 5, 9, 23, 25, 28, and 31 through 33 for simulation and
evaluation of their potential for impact during the 100-year rainfall
event at selected downstream locations. Table V-14 lists the results of
this evaluation.

The information in Table V-14 illustrates that detention basins that
are designed according to the proposed criteria do mnot create any
significant increase in peak runoff rates during the 100-year rainfall
event. In fact, at some locations the simulated peak runoff rates
generated by the 100-year rainfall event are projected to be somewhat
below the peak runoff rates simulated on the basis of existing land use
conditions,
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TABLE V-14

PSRM DETENTION BASIN STUDY RESULTS
AT POINTS OF INTEREST IN THE WATERSHED

Peak Runoff Rates-
Future Land Use

‘ Peak Runoff Rates- Conditions with Detention
Drainage Cutlet Existing Land Use Basins Sized to Reflect the
from Subarea Conditions (cfs) Proposed Criteria (cfs)

3 837 849
5 1,072 1,054
9 1,445 1,445

12 5,038 5,018

20 6,330 6,299

25 288 250

26 471 435

31 339 346

32 452 457

33 671 . 657

46 7,473 , : . 7,459

PSRM evaluation of watershed stormwater runoff rates generated
by the 100-year design rainfall event with future land use con-
ditions and simulated detention basins based on the proposed
design criteria in Subarea Nos. 3, 5, 9, 23, 25, 28, and 31
through 33.

Overall, the results of this analysis indicate that the detention
basins simulating the use of the proposed criteria were very effective
in providing the desired level of stormwater management for the
Delaware County portion of the watershed. That is, post-development
peak runoff rates generated by the 25-year rainfall event can be
controlled to the peak runoff rate defined by the applicable release rate
percentage. Simulating the use of the proposed design criteria for
safe passage of peak runoff rates generated by rainfall events in excess
of the 25-year event (i.e., up to the 100-year rainfall event} indicates
only a minor reduction, if any, in the degree of protection during the
100-year rainfall event.

Parking Lot Storage

Parking lot detention involves the design of pavement surfaces,
curbing, and stormwater inlet structures to temporarily store and
release stormwater runoff. Initial construction costs for implementing
these measures are only a small percentage above the costs of con-
structing conventional parking lots. These measures should be
designed to control runoff from the particular parking area only and
to avoid handling any additional runoff. The facility should be
designed to drain completely and avoid the formation of ice.
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Summary

In order to summarize the previous discussion on the use of on-
site (i.e., within a new land development project) stormwater manage-
ment techniques, a "“flow diagram" is presented in Figure V-18. This
diagram illustrates the points in the flow path of stormwater runoff
where various types of on-site stormwater management techniques
should be used in order to provide for optimum and cost-effective
control of stormwater runoff from a new land development project
in the Delaware County portion of the Ridley Creek watershed. In
addition, the diagram illustrates the emphasis that is being placed on
the use of infiltration techniques for accomplishing two critical func-
tions--stormwater runoff control and baseflow augmentation,

The diagram in Figure V-18 also illustrates the emphasis on con-
trolling stormwater runoff as close to its point of origin as possible.
This helps ensure that effective stormwater runoff control is pro-
vided in a cost-efficient fashion and helps promote infiltration of
stormwater in the watershed.

Watershed-Level Stormwater Management Techniques

Watershed-level stormwater management systems represent a new
direction for stormwater management and one that may be used more
frequently in the future. One very key aspect of a watershed-level
stormwater management alternative lies in its ability to effectively
locate and design a coordinated system of runoff control facilities
that is responsive to the specific hydrologic characteristics and needs
of the total watershed.

Two types of watershed-level stormwater management systems were
evaluated for their potential application in the Delaware County portion
of the Ridley Creek watershed, The first type of system responds
to the important phenomenon of timing of runoff flows within a water-
shed. That is, the various sections (subareas) of a watershed generate
and contribute storm runoff to a critical downstream point at varying
times during the total runoff event. By defining the interaction of
the flow-contributing subareas, "logical" locations for regional storm-
water runoff storage facilities can be identified, This approach, termed
the "distributed storage concept," has recently been incorporated in the
pilot comprehensive stormwater management plans (Act 167) for four
watersheds in another section of Pennsylvania.

The second type of watershed-level stormwater management system
was developed specifically to respond to conditions within the Ridley
Creek watershed. As was discussed in a previous section of this
chapter, a significant concern for water resource availability exists
in the Ridley Creek watershed. The "normal" (as well as the extreme
condition, i.e., drought) baseflow in a stream is a critical factor in
determining the amount of water that can be withdrawn for water
supply. Low baseflow is often a very critical "limiting condition" with
respect to water supply withdrawal from a stream.
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As a result of specific limitations controlling the quantity of water
which the Borough of Media is permitted to withdraw from Ridley and
Chester Creeks (i.e., because of low baseflow in Ridley Creek), the
Borough frequently has to rely on water supplies purchased from the
Chester Water Authority. The cost for purchasing this water is equal
to or greater than the amount that is charged to consumers within the
Borough's service area, As the water supply needs grow with increased
population and water use, this situation may become a critical constraint
on water supply for the area. Therefore, a watershed-level stormwater
management system which will provide both reduction of stormwater
runoff rates and augmentation of baseflow was developed as an alterna—
tive for this study. This "water resource" management system is
referred to as the "watershed baseflow augmentation concept." Each
of these watershed-level stormwater management systems is described
in greater detail in the following sections of this chapter.

Evaluation of the Distributed Storage Concept in the Ridley Creek '
Watershed

The distributed storage concept, which has recently been developed
for the control of flood flow peaks (i.e., runoff flows generated by the
25-year and larger volume rainfall events), was evaluated for potential
implementation in the Delaware County portion of the Ridley Creek
watershed. The distributed storage concept for watershed-level storm-
water management relies on the selection of detention facility locations
by analyzing the specific characteristics of stormwater flow routing
in the watershed. The trend of stormwater management in many loca-
tions has resulted in the construction of detention facilities in coor-
dination with most new development sites, These facilities are commonly
designed to contral runoff flow rates generated by the 100-year rain-
fall event. The projected impact of these "randomly" located detention
facilities is that an increase in flood flows may occur at downstream
locations, i.e., at locations that are downstream from the development
sites with the detention facilities.

In order to reduce the possibility of runoff flows from randomly
placed detention facilities combining, the selection of sites that are
hydraulically "most appropriate" for off-site (i,e., regional) detention
facilities must be made. The ultimate selection of any stormwater
storage area, however, requires a detailed assessment of potential
advantages and disadvantages of the identified storage locations.

In light of these facts and information, potential locations for
distributed storage basins in the Delaware County portion of the
Ridley Creek watershed were determined by analyzing the flow routing
characteristics of the watershed, selecting sites where streams join
(i.e., confluence points), and then reviewing the potential for com-
binations of peak runoff rates at the particular confluence points.

This analysis indicated very little potential for using distributed
storage for the control of runoff flows generated by severe rainfall

L]
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events in the Delaware County portion of the Ridley Creek watershed.
This is primarily the result of two factors:

o The shape of the Delaware County portion of the Ridley
Creek watershed

The long, narrow shape of this portion of the watershed
creates a condition characterized by short, steeply sloped
tributaries that feed directly into Ridley Creek. The use
of the distributed storage concept is most effectively utilized
where runoff flows combine at the confluence of major trib-
utaries. Without these conditions, distributed storage deten-
tion facilities cannot be located so as to "interrupt" flow com-
binations at confluence points.

o The location of the Delaware County portion of the Ridley
Creek watershed .

The Delaware County portion of the Ridley Creek watershed
is the bottom half of the total watershed. As a result, any
attenuation of runoff flows along the short tributaries in
the bottom half of the watershed may cause these flows to
combine with those generated by the upper portion of the
watershed. ‘

The discussion should not imply that the use of "shared" deten-
tion facilities, i.e., facilities serving more than one development, is
not feasible. That is, if two or more development sites are located
adjacent to each other and have a common point to which the storm-
water runoff generated during rainfall events will flow, a common
detention facility can be implemented in conformance with the standards
and criteria developed for this stormwater management plan for the
Delaware County portion of the Ridley Creek watershed.

Development of a Watershed Baseflow Augmentation System

The Delaware County portion of the Ridley Creek watershed has
many characteristics which lead one to initiate a study evaluating the
potential for a "watershed baseflow augmentation" system. Of primary
importance is an established need for such a system. As previously
discussed, Media Borough needs to withdraw 3.0 MGD from Ridley
Creek to satisfy the potable water supply demands of its service area.
However, on many days during low flow conditions, it is not permitted
to withdraw this amount because of a minimum pass-by flow require-
ment of 2.9 MGD. This condition, i.e., where water cannot be with-
drawn from the creek because of low baseflow conditions, will potentially
occur more frequently as additional impervious land area is generated
by future development in the upper portions of the County. Imper-
vious land cover reduces natural infiltration and promotes excess storm
runoff, both of which are critical water resource impacts for a water-
shed.
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The baseflow augmentation system that was evaluated for this study
will require storage provided by construction of above-ground storm-
water impoundments, In addition, the system utilizes the natural
capacity of the "subsurface reservoir," i.e., that in the upper, un-
consolidated geologic horizons. The above-ground impoundments are
required for the initial storage of stormwater diverted from Ridley
Creek during periods of stormwater runoff flow. Between the periods
of stormwater runoff flow, the impounded stormwater will be conveyed
to infiltration areas recharging the subsurface reservoir. -

Therefore, to provide the required storage for the initial surface
impoundment of runoff flows, land has to be available adjacent to sur-
face streams. Public land administered by PA DER Bureau of State
Parks borders Ridley Creek within the confines of Ridley Creek State
Park. If the extensive research and testing required to define the
overall effectiveness of a watershed baseflow augmentation system
were accomplished, administrative arrangements could be pursued for
multi-use {(recreational, stormwater infiltration, and storage} land areas
adjacent to Ridley Creek within Ridley Creek State Park.

On Figure V-19, the boundaries of some limited use areas in Ridley
Creek State Park which may be suitable for application of stormwater
by an ‘"infiltration trench - system". are shown. The outlined areas
include approximately 563 acres (0.88 square miles). The cross-
hatched areas designate a location where a conceptual baseflow augmen-
tation system using an infiltration trench approach has been identified
for preliminary analysis as a part of this pilot study, An example
of a watershed baseflow augmentation system utilizing impoundments
and infiltration trenches is conceptually described as follows:

1. Adjustable streamflow diversion structures would need to be
built at locations along Ridley Creek. These diversion struc-
tures would be connected to nearby storage impoundments
{Figure V-20).

2. A pump placed in the impoundment would be activated during
selected periods to convey the impounded stormwater to the
infiltration trench application areas.

3, The stormwater would be pumped to the highest elevation of
each separate infiltration trench area. The stormwater
would then flow downslope through a distribution main with
feed lines to each trench. The distribution system would be
designed to deliver a specified application rate to each trench.

4, Each trench would have a mild slope, permitting movement
of stormwater along the entire length of the trench. As the
stormwater flows along the trench, it will infiltrate through
the gravel bottom into the shallow groundwater found in the
upper soil/unconsolidated rock area (Figure V-21).
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FIGURE V-20
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FIGURE 2|
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The resulting process of infiltration and underground flow toward
the stream is, of course, highly complex and non-uniform. Neverthe-
less, during the description of a potential pilot system, an analysis
utilizing idealized conditions was performed in order to estimate the
increase in baseflow of Ridley Creek if a full-scale system were
developed.

A Conceptual Pilot Baseflow Augmentation System for the Ridley
Creek Watershed

The cross-hatched portion of Figure V-19 is the area of Ridley
Creek State Park in which the conceptual pilot system was evaluated
to determine the potential benefits., Figure V-22 shows a potentia
layout of the trench system between two small tributaries of Ridley
Creek, Some of the assumptions used for the development of this
system are: ’

1. Water would be pumped directly from Ridley Creek without
impoundment. For this analysis, only the benefit of the
increase in seasonal low flows was evaluated. Therefore,
the optimum size and operation of an impoundment to provide
storage and regulate peak runoff rates was not determined.
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The primary process that was of concern for this analysis
was the ability to use the shallow groundwater horizon as
a non-structural reservoir for providing a "known" level of
discharge to Ridley Creek.

2. Water would be pumped to the highest elevation in the infil-
tration trench system. The trenches would be fed as the

water moves back downslope. The trench centers would
be spaced approximately fifty feet apart, on both sides of
the hill.

3. The trenches were considered to average 180 feet in length
on one side of the hill and 250 feet on the opposite side
(based on specific site conditions).

4, The trenches would be approximately 1.5 feet deep in the
center, with 2:1 side slopes. For protection of the bottom
gurface of the trench, a gravel layer should be provided.

5. A daily application period of eight hours was considered for
this analysis to determine the significance of "over-satura-
" tion." This rate could be varied throughout the testing of
the pilot system.

6., In order to monitor the impact of the infiltration system on
the flow in Ridley Creek, two flow measuring stations should
be placed in the creek, One station would be placed
immediately upstream of the infiltration system and the
second immediately downstream of the system. Each station
should employ a continuous flow recorder. An increase in
normal stream flow in the downstream station relative to
flows recorded by the upstream station would indicate the
benefit of the infiltration system.

Utilizing a system layout as described, the hydraulic capacity
(i.e., the rate at which stormwater would be applied to the trench
system) of the entire system was calculated by using Darcy's Law:

Q = Kxixbxlxn

where:

Q = hydraulic capacity or the infiltration rate of a group of
trenches

K = hydraulic conductivity of 1.32 inches/hour (assumed to
represent a median value for Glenelg soils as reported
by the Department of Agriculture's Soil Survey for
Chester and Delaware Counties)

1 = land slope below trench (a field measurement made on-

site; assumed to represent the shallow groundwater
surface gradient)
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b = éaturated thickness of soil (taken to four feet, as an
approximate median depth to bedrock for Glenelg soils)

1 = length of trench (either 180 or 250 feet) .

n = the number of trenches for which the wvalues defined
above remained constant

The hydraulic capacity was calculated to be approximately 55 gpm, or
if applied at that rate for eight hours per day, a tota of 0.25 acre-
feet. Of course, this infiltrated water will not instantly arrive at
the small tributaries. Therefore, the travel time required for the
infiltrated flow to begin to discharge into the tributaries was approxi-
mated by

A = K xi
n
where:
\ = the velocity of the infiltrated water downslope to the
tributaries
K = 1.32 inches/hour, or the same hydraulic conductivity as
before
i = as before
n = soil porosity assumed to be 0.451

An average flow velocity for the entire system was estimated to be 0.9
feet/day. Therefore, the average time for the water infiltrated through
the system to ultimately discharge into the tributaries was estimated
to be 134 days. Therefore, after only 134 days of application for this
conceptual baseflow augmentation system, discharge to the tributaries
would develop.

Some estimates are presented below to provide an understanding
of the increase (in cubic feet per second per square mile, csm) in
Ridley Creek baseflow that a full scale watershed baseflow augmenta-
tion system could potentially provide. The pilot system is estimated
to infiltrate 0.25 acre-feet during eight hours of application utilizing
only 7.5 acres. The 0.25 acre-feet of infiltrated runoff is equivalent
to 3.5 csm of infiltration area. If the 0.88 square miles (shown on
Figure V-19) of the thirty square mile drainage area to the Media water
treatment plant intake were utilized as infiltration trench area, the low
flow (i.e., ~7-10 low flow) in Ridley Creek could increase to 0.25 csm
61‘ an increase of 67 percent over the present low flow value. The

7-10 low flow would, therefore, increase to 7.5 cfs (4.9 MGD) at
the Media intake. Therefore, even during this severe drought,
the Borough could withdraw 2.0 MGD and still allow for the required
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2.9 MGD pass-by flow, Without the watershed augmentation system,
this analysisQ indicates that the water authority cannot withdraw any
flow during ~7-10 low flow conditions,
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CHAPTER VI

EXISTING INSTITUTIONAL/REGULATORY SYSTEMS

This chapter covers two major topics: a review of existing munici-
pal ordinances and a review of existing agencies and organizations
and their current stormwater management functions. This informa-
tion provides useful background on how stormwater runoff control is
presently being approached in the Ridley Creek watershed and what
agenciess and levels of government are involved. The first section
reviews the stormwater provisions in the existing municipal land use
and development ordinances. This analysis points out the areas where
additions or changes to the ordinances will be required to implement
the watershed plan. The second section provides a description of the
agencies and organizations, public and private, that are involved
directly or indirectly in stormwater management programs affecting
the watershed.

Review of Existing Ordinances

As a prelude to developing regulatory measures to implement the
watershed plan, the stormwater provisions in the existing municipal
ordinances were collected and reviewed., All of Delaware County's
Ridley Creek municipalities have some type of stormwater control pro-
visions in one or more of their land use or development ordinances,
and Delaware County includes stormwater standards in its S/LD ordin-
ance. There is a wide diversity in the current ordinance provisions.
While there are a few common approaches and sometimes similar lan-
guage, there is no consistent pattern to the level of contral or the
particular type of regulatory approach taken to stormwater manage-
ment.

Table VI-1 indicates the types and variety of ordinances currently
enforced by the watershed municipalities. As shown by the table, all
the municipalities have zoning and S/LD contrals although three of the
smaller boroughs, Brookhaven, Eddystone, and Parkside, use the
County's S/LD ordinance rather than having their own. The munici-
palities all enforce floodplain management controls, but some have these
as separate ordinances while others include provisions in their zoning
or building codes. The majority of the municipalities, especially the
larger, developing communities, also have grading and erosion and
sedimentation (EfS) ordinances.

In terms of stormwater management contrds, the existing municipal
ordinances range from minimal standards for storm sewers to fairly
complex ordinances even incorporating some of the Act 167 standards.
Several municipalities have stormwater provisions in more than one of
their ordinances, but they are usually included in their S/LD, E/S,
grading, zoning (particularly for multi-family districts or planned
developments), or building ordinances,
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It appears that often a municipality's approach to stormwater
management has evolved over a period of vyears, typically starting
with design standards for storm sewers and/or some general language
on providing "adequate drainage" and later adding standards con-
trolling the maximum rate of runoff from the development site and more
detailed design standards. Generally, the older developed communities
have fewer stormwater standards, while the newer suburban munici-
palities have the more comprehensive stormwater controls. Possibly
as a result of this evolutionary pattern, inconsistencies were often
noted within individual ordinances and among different ordinances.
This is a problem that will have to be addressed in the ordinance
revisions that implement the watershed plan.

The review of existing ordinances looked at several elements: the
types of ordinances used by the municipalities, the stormwater manage-
ment standards (both general performance and specific design
standards), the administration and enforcement procedures (including
plan reviews and fee schedules), and the provisions for continuing
maintenance of stormwater management facilities, Only a brief over-
view of the current regulatory practices is provided here, primariy
to identify the range of regulatory approaches to stormwater in the
watershed and to determine how applicable they may be after the water-
shed stormwater management plan is completed. Table VI-2 summarizes
the results of the ordinance review for each study area municipality.

Stormwater Management Standards

The municipal ordinances, as a rule, contain one or two types of
standards. The first is the general performance standard which
describes the end result that the municipality desires to achieve.
These statements may be very broad, such as the development shall
"provide adequate drainage," or more definite, such as "no increase
in the peak rate of runoff.®™ The second type of stormwater standard
is the technical design standard which specifies exact conditions to be
met. FExamples are the storm frequency (e.g., 25-year) for which
facilities must be designed or the method to be used to calculate
runoff,

In addition to the "provide adequate drainage" standard, some of
the other general performance standards presently used in _the
ordinances are:

- drainage shall be approved by the municipal engineer,

- show existing and proposed drainage facilities,

- take measures to prevent excess drainage onto adjacent or
adjoining properties, and

- prevent damage to persons, other property, and drainage
structures.
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While these standards are sound in their intent, they may present prob-
lems in their application or even be inconsistent with Act 167. Who's
to. decide - what is "adequate drainage" and by what definition? Is
adequate storm drainage whatever the municipal engineer approves?
What if the engineer approves an inadequate plan? Can a municipality
ever reject a site drainage plan if all its ordinance says is "submit
a plan showing existing and proposed facilities" without providing any
standards for what is acceptable or unacceptable drainage control? Is
the gite developer's responsibility limited to preventing damage to only

_adjacent (abutting) properties? (As explained earlier in Chapter II,

under Act 167, the answer is no.)

Several of the municipalities that have adopted special stormwater
ordinance provisions utilize the "no increase in the peak rate of runoff"
standard or some variation thereof, which is consistent with the
approach taken by Act 167. However, one Ridley Creek municipality
also stipulates that there shall be no.increase in runoff volume be-
tween pre- and post-development conditions. As discussed previously,
this regulation on total runoff volume can be more restrictive than
Act 167's (Section 13) standard controlling peak rate of runoff.

A number of the watershed municipalities go beyond the general
performance language to establish various design standards. At a
minimum, all the municipalities regulate the installation of storm sewers
in some way, Standards.typically deal with sizing, location, and grade.
With a couple of exceptions, the current municipal -ordinances do not
cover other drainage control facilities, such as detention/retention
ponds. Several of the ordinances make reference to these facilities, but
only one municipality provides detailed design standards. Culverts and
bridges are mentioned in a few ordinances. Standards usually refer
to municipal or PennDOT specifications for construction, but only two
mention DER obstruction permit requirements,

For the most part, there is very little coverage for any other type
of stormwater technique. One municipality specifically encourages
groundwater recharge, while several have general language dealing with
the preservation of natural resources including streams, ponds, and
drainageways. All but three municipalities have E/S controls, and
in several cases, these are also the municipality's major stormwater
management control.

Only four municipalities presently specify storm frequencies for
either calculating runoff or designing control measures. The most
frequently used design storm is the 100-year storm although lower
frequency storms (if stipulated) are applied to storm sewers and
culverts, The method for calculating pre- and post-development
runoff is identified in five of the municipal ordinances including the
County's, which uses the rationdl method. Another community uses
the rational method for storm sewers, and the remaining require the
Soil-Cover Complex Method developed by the U.S. Soil Conser-
vation Service (often termed the SCS method). One municipality stip-
dlates that the antecedent condition of the site is to be assumed to be
meadow land for purposes of making the runoff calculations.
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Ordinance Administration and Enforcement

Administrative and enforcement provisions of the existing ordi-
nances generally cover procedures for plan reviews and approvals,
reviews by the County Conservation District (or SCS), site inspec-—
tions, development fees, and facility maintenance. Most municipalities
review stormwater control provisions as part of their S/LD plan review
process., A few require separate E/S and stormwater plans, and one
community requires the plan to be prepared by a professional engineer
with experience in hydrology. The municipal engineer is usually re-
sponsible for the plan review, but the governing body maintains
final approval power,

There appear to be two standard approaches to site inspections:
on a random basis or at the initiation of each phase of site construc-
tion with advance notice to be provided to the municipality. One
municipality defines a regular inspection schedule which is included in
the developer's agreement approved prior to construction.

All the municipalities make some provision for fees to cover plan
reviews, inspections, and other legal and engineering expenses. Some
communities have a set fee schedule (often based on size of the develop-
ment), and others' require developers to reimburse the municipality for
actual costs incurred. It is likely that the municipalities with set fees
are not completely recovering all their costs incurred for many develop-
ments.,

Continuing maintenance of stormwater management facilities receives
little attention in the existing ordinances. Most municipalities require
maintenance bonds for improvements that are dedicated to the munici-
pality, but there is little or no language covering facilities that remain
in private ownership, which is often the case with stormwater manage-
ment facilities (e.g., retention basins). Some ordinances provide for
homeowners' associations to own and maintain such facilities in planned
residential or multi-family developments. Only one community specifi-
cally mentions maintenance of stormwater retention facilities in its
S/LD ordinance, requiring the developer to establish a maintenance
fund and perpetual covenants (if necessary). Another stipulates that
the municipality must approve maintenance provsions for site improve-
ments in certain multi~family developments.

Generally, the current practice seems to be that the municipality
accepts dedication of storm sewers, culverts, or bridges if part of a
public road, while storage basins and other stormwater management
controls (e.g., swales and seepage pits) remain in private ownership.
The Delaware County Planning Commission (DCPC) has developed a
policy on ownership and maintenance of retention ponds and basins
in residential development. It recommends that: :

1. In apartment and/or condominium complexes, maintenance

should be the responsibility of the complex owner or the
homeowners' association.

162



1

2. In single family developments, basins should be located on lots
without other structures, and the municipality should be
responsible for their maintenance. Basins should not be
located on the same lot as a home.

3. Where the municipality is to accept ownership, it should
require the developer to provide the first year of maintenance,
establish an escrow account to assure this maintenance, and
dredge the basin prior to municipal acceptance. The munici-
pal engineer should inspect the basin before the municipality's
acceptance.

Better provisions in the ordinances establishing clear maintenance
responsibilities prior to development would prevent many of the
problems identified in the Conservation District's survey of existing
stormwater storage basins in the watershed,

Existing Agencies/Organizations and Their Stormwater Management Func-

tions

An organized approach to stormwater management, beyond the level
of the individual development site and municipality, is still a fairly
new phenomenon. Therefore, there are fewer agencies and organiza-
tions presently involved in managing stormwater runoff quantities and
the institutional system is less complex than those required for managing
water quality., Other than flood control activities performed by the
U.S. Army Corps of Engineers and technical assistance provided by
the U.S. Soil Conservation Service, two other levels of government
are involved: the Commonwealth of Pennsylvania and the local munici-
palities. In between, there are very few stormwater management re-
sponsibilities.

This section briefly describes the differing roles and responsi-
bilities of the various levels of government, specifically as they relate
to stormwater management activities in the Ridley Creek watershed.

Included in the discussion is an evaluation of the compatibility and

_ consistency between the existing plans and programs of these agencies

and the Ridley Creek watershed plan.
Federal Agencies and Functions
Environmental Protection Agency (EPA)

Congress, in 1972, passed the Clean Water Act (PL 92-500)})., This
piece of legislation and subsequent amendments deal primarily with the
water quality aspects of storm runoff, but because water quality and
water gquantity are interrelated, PL 92-500 does impact stormwater
management activities, The federal agency responsible for implementa-
tion of the Clean Water Act is the Environmental Protection Agency,
which administers its programs in this area through its Region III office
located in Philadelphia. In the stormwater area, a principal function of
EPA is to oversee and fund the preparation of the areawide (Section
208) water quality management plans, which include consideration of

water quality impacts of stormwater runoff, EPA is also conducting

163



Propérty Owner

When all is said and done, it is the property owner who bears the
final responsibility to provide safe control of stormwater runoff from
his/her property. This situation is true for a private person or or-
ganization as well as for a public agency performing its proprietary
functions. The property owner must design and construct stormwater
management controls required to meet the standards of Act 167 (Sec-
tion 13), the watershed plan (when adopted), and the municipal
ordinances, Unless a stormwater control facility is dedicated to a
public entity, private property oOwners are usually responsible for
the ongoing maintenance of these facilities.
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CHAPTER VII

MUNICIPAL REGULATORY APPROACHES TO
STORMWATER MANAGEMENT

This section outlines some guidelines for incorporating stormwater
management provisions consistent with the watershed plan in municipal
land use and development ordinances. The regulatory approach pre-
sented here involves the creation of a stormwater ordinance package.
This approach utilizes the powers provided in local zoning ordinances
(including planned residential development regulations), S/LD ordi-
nances (including E/S and grading regulations), and building codes.
In this way, the ordinance package ensures a comprehensive storm-
water management system that applies to all types of land alteration,
whether they be new development, expansion or redevelopment of

existing lots and structures, or agricultural activities.

The ordinance package, rather than a separate, single-purpose
stormwater ordinance, is recommended for one primary reason. The
Municipalities Planning Code (MPC) and the municipal codes provide
very clear enabling powers to municipalities to adopt these types of
ordinances and to address stormwater drainage issues within these
ordinances. Also, as discussed in the legal framework section, the
MPC establishes clear procedural requirements for administering these
ordinances, which protects both the municipality and the applicant.
Therefore, if a land alteration activity falls within the scope of the
MPC, then it should be assumed that the Legislature intended it to
be reviewed and regulated according to these procedures, whether
the activity is being regulated for density, lot layout, street design
and construction, slope preservation, floodplain or stormwater manage-
ment, or any of the areas where municipalities may regulate develop-
ment .,

In addition, most municipalities in the Ridley Creek watershed
presently enforce one or more of these three ordinances. They have
established processes for reviewing development applications and taking
enforcement actions under these ordinances. Therefore, it should be
less confusing for the municipalities (and the developers) to add the
necessary stormwater provisions and reviews to their existing regulatory
system rather than to create a new and separate one.

Constructing Effective Stormwater Ordinance Provisions

Before discussing specifics of the stormwater ordinance package,
some general comments on regulatory objectives and approaches may be
helpful. From meetings with local officials, developers, and builders,
it is clear that all parties are apprehensive about implementing a suc-
cessful regulatory approach to a complex issue like stormwater.
Municipalities are concerned about developing a reasonable set of
controls which are within their technical and finandal capability to
2dminister. Developers are also concerned about reasonable controls,
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ones that are applied fairly and uniformly throughout a watershed and
that do not discourage creative solutions to stormwater management
problems.,

These are very legitimate concerns, and a conscious effort should
be made to address them during the drafting and implementation of the
stormwater regulations. To be most effective, the stormwater ordinance
controls must be:

o clear (understandable) and readily obtainable,
o  flexible, and
o} uniform throughout the watershed.

Clarity is very important for both the technical and engineering
requirements as well as for administrative processes. Developers
should be able to obtain copies of all applicable ordinances, and they
should be able to determine what is expected of them. Similarly,
municipalities should be clear about what their ordinances mean and
what they want developers to do. Vague, general, or complex ordi-
nances usually only result in legal problems (and costs) for all in-
volved entities.

Flexibility is essential for sound stormwater management. Munici-
palities do not want to discourage creative design and engineering
in stormwater management, Developers should be encouraged to seek
solutions that best fit their sites while meeting the objectives of the
watershed plan and Act 167. Whenever possible, ordinances should
use incentives to encourage good stormwater management practices
rather than using negative regulations. Both the developer and the
municipality will profit when the most technically feasible and econom-
ically efficient approaches are applied.

Flexibility in stormwater management can best be obtained by
using a performance standard approach in the municipal ordinances.
A performance standard states an end result or outcome which is to be
achieved, but it does not prescribe specific means for achieving it,
In contrast, a specification standard states the exact characteristic
or design standard_to be used. Usually, a performance standard is
easier to interpret and supply to real situations. Therefore, municipal
officials are less likely to face repeated requests for changes or modi-
fications in the standard to accommodate a particular development site
condition.

In actuality, the best set of stormwater regulations will combine
performance and specification standards. Performance standards will
establish what the stormwater system as a whole must accomplish (e.g.,
the release rate percentage), while specification standards will apply
to parts of the system, such as rainstorm intensities for which deten-
tion basins must be designed.
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Finally, uniformity of the regulatory measures is necessary if all
the municipal ordinances are to be consistent with the watershed plan.
This does not mean that all municipalities have to adopt the exact same
ordinances. It does mean, though, that all. municipal ordinances will
have to apply the same stormwater standards and criteria, as descirbed
in the watershed plan, in their ordinances.

A uniform regulatory approach has other advantages. Municipal-
ities could save by jointly administering the stormwater portions of
their ordinances (e.g., engineering reviews and site inspections).
This more efficient administration could enable the municipalities to
afford more professional technical assistance and minimize the potential
delays in administrative processes. A uniform system makes it easier
for municipalities and developers alike to know what is expected of
them. Also, it minimizes the potential for unfair competition resulting
from situations where one developer is required to provide only minimal
stormwater controls while another in a neighboring municipality must
invest substantially more to meet the ordinance standards.

It would be desirable for the watershed plans to adopt a fairly
uniform regulatory approach in all of the designated watersheds in
Delaware County. More County-wide cooperation would be possible on
stormwater management activities. It would simplify management for
some ' of the larger municipalities whose borders include two or more
watersheds., Otherwise, a municipality could find itself with several
approaches to stormwater management and a very real administrative
nightmare.

The Stormwater Ordinance Package

There are three principal parts to the municipal stormwater
ordinance package:

o the subdivision and land development ordinance,
o the zoning ordinance, and
o the building code.

The majority of the stormwater management controls should be placed
in one article (or section) of the S/LD ordinance. For easy reference
and to promote regulatory coordination, the municipality's E/S and
grading (cut/fill) provisions should be included as additional articles
in the S/LD ordinance.

Since all land alteration activities do not come under the definition
of a "subdivision" or "land development," it is important to link the
zoning ordinance into the ordinance package. By appropriate cross-
referencing in the zoning district and general regulations (including
planned residential or mobile home park standards if permitted by
the ordinance), the municipality can ensure that stormwater standards
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apply to single lot or single structure developments, expansions or
reuses of existing sites, and specialized land use activities such as
farming and mining.

" The inclusion (or appropriate referencing) of stormwater provisions
in the building code reinforces the application of stormwater standards
to all building construction or alteration in the municipality. The
building code also sets standards for the use of such stormwater
management techniques as roof-top or parking lot storage. It
is not essential that a municipality have a building code in order
to implement the stormwater standards and criteria of this plan. How-
ever, if the municipality desires to regulate the use and application
of many structurally related stormwater control techniques, then it
must do so through a building code.

The following sections identify some' of the key additions and
changes to the municipal ordinances that are needed to incorporate
the standards and criteria of the Ridley Creek watershed plan.
Although a general format has been given to some of the ordinance
provisions to assist local officials, the drafting of the final ordinance
language will, of course, remain each municipality's responsibility.
Not all of the ordinance provisions discussed here will apply equally
to all of the watershed municipalities. The municipalities reflect
different levels, types, and patterns of development and different
growth objectives. Each municipality can tailor these general ordinance
guidelines to its own particular needs and clrcumstances, but it must
be sure that the final ordinances are consistent with the watershed
plan and compatible with those of the other watershed municipalities.,
To a large degree, this coordination can be accomplished through
County Planning's review of the municipal ordinances as they are
adopted and amended (as required by the MPC).

Subdivision and Land Development Ordinance

There are several reasons for recommending that the majority of
the stormwater controls be included in the S/LD ordinance. Many of
the land alteration activities with significant stormwater impacts will
fall under the purview of this ordinance, Also, most watershed
municipalities already apply some type of drainage provisions as part
of the S/LD plan review.

Article V of the MPC clearly empowers municipalities to address
runoff and drainage issues as part of their S/LD ordinances. Under
thetr S/LD regulatory powers, municipalities may adopt standards for
the layout, development, and continuing maintenance of the site and
for the installation of public improvements (or common facilities),
including stormwater management facilities; make provisions for
necessary drainage easements; and require financial guarantees that all
proposed improvements are completed in accordance with the approved
S/LD plan and the ordinance. These are the major authorities which
a local community needs to implement an effective stormwater program.
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Some municipalities try to apply site development standards (e.g.,
site planning, street design, and drainage) through their zoning con-
trols, which is a doubtful use of the municipality's zoning powers.
The MPC clearly states that the zoning ordinance regulates the use
of land and the location, dimensions, density, and intensity of uses
and that the S/LD ordinance provides the standards for the develop-
ment and improvement of land. There is a clear division of labor
between the two types of ordinances.

Table VII-1 outlines the major elements of the stormwater article
for the S/LD ordinance, The material follows a sample format for the
article with explanatory comments on the various provisions. It pro-
vides a guide to the watershed municipalities for reviewing their
existing S/LD ordinances and preparing the necessary amendments
to implement the watershed plan's standards and criteria. As noted
in the comments, the municipalities will have to adapt these guide-~
lines to their existing ordinance format and make sure that they are
compatible with related provisions of their ordinances (e.g., site
plan review procedures),

TABLE VII-1

SAMPLE FORMAT: :
STORMWATER MANAGEMENT ARTICLE, S/LD ORDINANCE

Sec, 101 PURPOSE AND APPLICABILITY
1. Purpose

- To manage stormwater runoff resulting from land
alteration and disturbances in accordance with the
Ridley Creek Stormwater Management Plan and the
Pennsylvania Stormwater Management Act (Act 167).

- To uatilize and preserve the desirable existing
natural drainage systems and to preserve and
restore the flood-carrying capacity of streams.

- To maintain existing flows and quality of streams,

- To maximize recharge of groundwaters and en-
courage natural infiltration of rainfall to preserve
groundwater supplies and stream flows.

- To provide for adequate maintenance of all perm-

anent stormwater management structures in the
municipality.

175



Sec.

Sec,

102

103

2.  Applicability
All forms of land alteration and disturbances relating to
subdivisions, land developments, and mobile home parks
unless specifically exempted or modified by this article.

DEFINITION OF TERMS

Comment: Specific stormwater terms used in this article,

such as release rate percentage, should be included either

here or in a separate article for definitions (if this is the
form of an existing ordinance).

STORMWATER PLAN REQUIREMENTS

Comment: This section should outline the requirements for
The form and contents of the applicant's stormwater plan and
the procedures for reviewing and approving the plan. Gen-
eral suggestions for these requirements are presented here,
but they should be adapted to fit the municipality's es-
tablished S/LD review process.

1. No earthmoving or land disturbance activity shall com-
mence before the S/LD and stormwater plan for the site
is approved.

2. Exemptions from the submission of a stormwater manage-
ment plan for a development site

a. Subdivisions or land developments that do not
create more than 7,500 square feet of impervious
land area shall be exempt from the stormwater
plan requirements of this section.

b, For parcels under single ownership, no tore than
one subdivision or land development creating less
than 7,500 square feet of impervious surface shall
be permitted before requiring a stormwater manage-
ment plan for the entire parcel,

c. Application procedures for exempt developments:
(1) Persons engaged in land alteration of exempt

development sites are exempt only from the
full stormwater plan requirements of this

176



ordinance. They are still responsible for
applying sound stormwater management prac-
tices in accordance with the standards of this
ordinance and the Pennsylvania Stormwater
Management Act (Act 167) in the development
of the site.

(2) A sketch stormwater plan showing the location
and nature of the proposed stormwater
techniques for the site shall be submitted
to the municipal engineer,

(3) The stormwater plan for the site must be
approved by the engineer prior to the issuance
of any building (or zoning use) permits.

Comment: The definition of exempt develop-
ments should be consistent with the water-
shed plan., Section 2(b) is necessary to
eliminate attempts to use the small develop-
ment exemption to avoid stormwater require-
ments.

Contents of the stormwater plan submission

Comment: The ordinance should identify the materials

which the applicant is required to submit and the

specified format he is expected to follow. These may
vary in each municipality so they should be consistent
with the S/LD plan procedures established in the com-
munity's ordinance.

Generally, the stormwater site plans should be prepared
at a scale of at least one inch = 100 feet. At a mini-
mum, five-foot contours (existing and proposed) should
be shown, although two-foot intervals are desirable.
The plans should show all existing and proposed
drainage courses, 100-year floodplains, bodies of water
(natural or artificlal) and similar significant natural
features, and sanitary and storm sewers. The infor-
mation should include soil types and underlying geology
on the development site.

All proposed stormwater management control techniques
should be located on the plans, along with proposed
E/S controls (temporary and permanent}). Design
information for these facilities should be included.
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Existing and proposed drainage easements or rights-
of-way should be identified. The plan submission
should include all of the calculations required for
determining pre- and post-development discharge rates
and for designing any proposed stormwater control
facilities.

Plan review process

a. Preliminary plan review

Comment: Most communities use a two-phase, pre-
liminary and final, review process for S/LD plans.
The applicant should submit the stormwater manage-
ment plan as part. of the preliminary subdivision
and land development plan. Applicants should be
encouraged to meet with the municipal engineer
during this phase to discuss proposed stormwater
management techniques. Also, applicants should
be sure that they understand the stormwater
management performance standards and are using
the correct base data. The preliminary submission
should include documentation of the runoff cal-
culations and other pertinent information.

It is imperative that the proposed stormwater plans
be reviewed by an engineer with expertise and ex-
perience in stormwater management, Engineers who
do not regularly work with hydrology and hydraulics
may not fully understand the stormwater computation
procedures or they may not be up-to-date on facility
design,

b, Final plan review

Comment: The submission of the final stormwater
plan should include any modifications requested
during the preliminary plan reviews, Final plan

approval and/or building permits should not be
granted until all necessary obstruction, flood-
plain, and/or E/S  permits have been obtained.

The regulations should require that any modifica~
tions to the preliminary stormwater management
plan be vreviewed and approved by the municipal
engineer. These normally would be major changes
relating to a change in the contral technique or
relocation or redesign of a control facility.

178



Modifications to the stormwater management controls
should not be made by either the planning com-
mission or the governing body in their approval
of the entire S/LD plan without taking into account
the technical comments of the municipal engineer.
It must be recognized that the intent of the review
and approval process is to ensure that all proposed
stormwater management activities are consistent with
the watershed plan and the municipal ordinances.

Sec. 104 STORMWATER MANAGEMENT PERFORMANCE STANDARDS

Comment: This section begins with the general performance
standard which incorporates the language of Section 13 of
the Pennsylvania Stormwater Management Act (Act 167). This
provides the overall standard (i.e., test) by which to measure
specific stormwater controls. By including the Section 13
language in the Ilocal ordinance and not simply making
reference to Act 167, the municipality can enforce Section
13's standards under its own regulatory authorities.

Following the general performance standard, the section
establishes the procedure for utilizing the release rate
percentage, direct discharge, and downstream impact evalua-
tion standards. Eventually, this section of the ordinance
would be organized by watershed within the municipality.
Initially, the amendments to the local S/LD ordinance would
separate the standards for the Ridley Creek watershed from
those for the remaining watersheds in the municipality.

1, General performance standard

Any landowner and any person engaged in the alteration
or development of land which may affect stormwater
runoff characteristics shall implement such measures as
are reasonably necessary to prevent injury to health,
safety, or other property. Such measures shall include
such actions as are required:

a. To assure that the maximum rate of stormwater run-
off s no greater after development than prior to
development activities; or

b, To manage the quantity, velocity, and direction of
resulting stormwater runoff in a manner which
otherwise adequately protects health and property
from possible injury.
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2. Release rate percentages - Ridley Creek watershed

For purposes of stormwater management, each subarea of
ithe watershed is assigned a release rate percentage,
as defined by this ordinance and shown on the Ridley
Creek Watershed Release Rate Map (Plate No. 2) available
in the municipal offices. This percentage is applicable
to any particular site in that subarea. The post-
development peak stormwater runoff rate discharging
Trom the outfalls of a development site cannot exceed
the subarea release rate percentage in order to comply
with the Ridley Creek watershed plan. The following
procedure should be followed in applying the release
rate percentage.

a.

0

Compute pre- and post-development runoff hydro-
graphs and peak discharges for the 2-, 10-, 25-,
and 100-year storms using the U.S. Soil Conser-
vation Service (SCS) Scil-Cover Complex Method.,
The 24-hour total runoff depths for these return
periods for the Ridley Creek watershed shall be:

Return Period Depth in Inches
2-year 2.92
10-year 4.68
25~year 5.54
100-year 6.85

The computations should assume actual existing soil
and land use conditions on the site, using the
exdsting land use map and the SCS Soil Classifica-
tion Map for the watershed. The computations
for post-development discharges should include
all reduction for proposed on-site infiltration
techniques.

Compare post-development discharges to the pre-
development  discharges. If greater, on-site
storage 1is required. Off-site storage may be
substituted provided that (1) proper legal arrange-
ments (easements, perpetual covenants, etc.) are
made, (2) no problems are created between the
development site and the of f-site storage location,
and (3) it is approved by the municipal engineer.

If on-site storage is required, the size of the
facility(s) shall be determined by applying the
release rate percentage to the post-development
discharges for the 2-, 10-, and 26- year design
storms. Provisions shall also be made for safely
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passing the post-development 100-year runof
flows without damaging (i.e., impairing the con-
tinuing function of) these systems. The storage
area shall be designed in conformity with the
provisions of this ordinance.

d., The proposed plan and computations must be pre-
pared by a registered professional engineer with
expertise in stormwater management.

Comment: Copies of the release rate map and all back-
ground data required by the applicant should be
readily available in the municipal offices. There should
be arrangements for the applicants to purchase copies
of these materials through either the municipality or the
County.

Direct discharge - Ridley Creek watershed

This provision applies only in subareas that are immedi-
ately adjacent to Ridley Creek {Subareas ).
Development sites in these subareas may discharge
total stormwater runoff flows through outfalls directly
into Ridley Creek. Stormwater outfalls must be con-
structed so as to prevent erosion and scour of the
Ridley Creek channel. Under these conditions, post-
development peak runoff rates may exceed pre-develop-
ment peak runoff rates.

Comment: The rationale for this provision is based on

the flow "timing" characteristics of the watershed, as

explained earlier in the plan. The stormwater manage-
ment plans for sites proposing to use direct discharge
would have to be approved by the municipal engineer.

Downstream impact evaluation - Ridley Creek watershed

If an applicant proposes to exceed the release rate per-
centage for a subarea, one of the following evaluations
must be completed.

a. If the stormwater runoff flow from the development
is proposed to be directed into an existing or
proposed stormwater conveyance channel (i.e.,
closed storm sewers and concrete lined or rip-
rap protected channels), the post-development
discharge may exceed the prescribed release
rate percentage., The applicant must demonstrate
sufficient capacity in the proposed conveyance
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Sec. 105 CRITERIA AND STANDARDS FOR STORMWATER MANAGEMENT
CONTROL TECHNIQUES AND FACILITIES

Comment: This section identifies types and design criteria
Tor  stormwater management control measures, including
either on- or off-site storage facilities. To promote flexi-
bility and innovative approaches, applicants should be per-
mitted to submit plans for control measures that they believe
to be most appropriate to the site and capable of meeting the
stormwater performance standards.

1. Applicants may utilize any appropriate stormwater
management techniques or a combination of techniques
as approved by the municipal engineer. Off-site control
measures, including storm sewers and/or storage facili-
ties, may be used in accordance with the watershed
stormwater plan and as approved by the municipality.

2. Possible stormwater control measures, including on-site
infiltration techniques, detention facilities, and other
measures, are described in the Ridley Creek watershed
plan, Other measures are acceptable when approved
by the municipal engineer. Information and standards
for developing stormwater management controls may be
found in the following references:

a. "Urban Hydrology for Small Watersheds," Technical
Release No. 55, USDA, Soil Conservation Service,
January, 1975.

b. 1Soil Erosion and Sedimentation Control Manual,"
Pennsylvania Department of Environmental Re-
sources, May, 1976,

c. "Engineering Field Manual for Conservation Prac-
tices," USDA, Soil Conservation Service, 1975.
d. T"Practices in Detention of Urban Storm Water Run-

off," Special Report No. 43, American Public Works
Assodation, June, 1974.

3, If special geological hazards or soil conditions are
identified on the site, the developer's engineer shall
consider the effect of proposed stormwater management
measures on these conditions. In such cases, the
municipality may require an in-depth report by a
competent soils engineer, -

183



Storage facilities shall be designed to contro the post-
development peak stormwater runoff rates for the 2-,
10-, and 25-year design rainfall events to the subarea's
release rate percentage or that approved through the
downstream impact evaluation. Provisions shall also be
made for passing the post-development 100-year runoff
flows through a stormwater detention facility without
damaging or causing failure of (i.e., impairing the
continued function of) the facility. A detailed descrip-
tion of the design and construction of detention basins
to accomplish the performance standards of the water-
shed plan is presented in Appendix D. Storage facilities
shared by more than one development site are permitted
within a single subarea of the watershed, provided they
meet the above criteria.

Runoff from the development sites involved shall be
conveyed to the facility from its source in a manner
so as to avoid adverse impacts, such as flooding or
erosion and scour of natural channels, to downstream
channels and property.

Comment: The municipality may desire to include other

design standards for storage facilities relative to their

location, accessibility, and security (e.g., fendng).
At a minimum, a community should require that basins
be accessible for maintenance based on the type of
equipment or procedures required.

Storm sewer systems

Comment: All  watershed municipalities now include
design specifications for storm sewers in their existing
S/LD ordinance or other municipal specifications. These
standards should continue to be applied.

Where storm sewers are proposed, developers must show
that there is sufficient channel capacity from the point
where the storm sewer outlets into the natural drainage
system and further downstream to the base of the
watershed.

Also, municipalities should make sure that the required

obstruction permits are obtained, along with flood-
plain permits if required.
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Sec, 106 MAINTENANCE OF STORMWATER FACILITIES

Comment: It is essential that the stormwater regulations
provide for the perpetual maintenance of all stormwater
management control measures, especially any storm sewer and
storage facilities. The maintenance provisions should identify
ownership of the contra facilities and provide financing
sources for future maintenance activities. The provisions
should be in accordance with the approved watershed plan.
The ordinance guidelines here are consistent with the policies
presented in this plan and with those of the Delaware County
Planning Commission.

1. Stormwater control facilites located on or serving prop-
erties developed for commercial, industrial, or
multi-family residential (including condominium uses)
shall be owned and maintained by the owner of the
property or the complex. If a homeowners' association is
formed, then the facilities shall be the responsibility of
this association.

2. Stormwater control facilities serving single-family (in-
dividual lots) or multi-family developments wherein the
streets, sewers, and other public improvements are to be.
accepted by the municipality shall likewise be accepted
and maintained by the municipality.

3. Stormwater control facilities serving public or semi-public
uses, such as schools, hospitals, churches, or similar
institutional facilities, shall be owned and maintained by
the property owner.

4, Stormwater contral facilities serving state, county, or
municipal facilities such as parks shall be owned and
maintained by the respective political entity.

5, Where shared-storage facilities are proposed, the appli-
cant shall submit a plan for their maintenance with the
preliminary and final stormwater management plans,
identifying the facility owner, easements, covenants
providing for access to the facility, and a proposed
maintenance funding plan (if the facility is not to be
accepted by the municipality).

6. In single family, multi-family, commercial, or industrial
developments where the stormwater control facilities
(especially basins) are not to be accepted by the
municipality, the developer shall submit a proposed
maintenance schedule and funding plan as part of the
stormwater plan for the development site, which shall
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10,

be approved by the municipality. Prior to approval of
the final S/LD plan, the developer shall establish an
escrow or similar account to set aside funds for the
first year's (after completion) maintenance costs.

Stormwater control measures located on an individual
lot/structure, such as roof-top storage, drainage swales,
and seepage pits, shall be the responsibility of the
property/structure owner. These responsibilities shall
be included in the deed or lease for the property or
structure. This provision is applicable although other
stormwater control facilities, such as storm sewers or
storage basins, are to be owned and maintained by
another public or private agency.

Comment: It will be most effective to have individual

on-sile stormwater techniques maintained by the owner,

rather than requiring easements, etc. to provide access
by another entity. The important point is to stipulate
these responsibilities in advance in the deed or lease
for the property.

Prior to the acceptance of any stormwater facility, the
municipal engineer shall inspect the facility to ensure its
proper ‘construction and functioning. All facilities must
be free of sediment or debris before acceptance and/or
dedication. Any required access easements should be
obtained.

The municipality shall require that a maintenance
guarantee, in accordance with the provsions of the
MPC (Sec. 509), be provided.

Before acceptance and/or dedication of any facility,
the developer shall submit as-built plans and a schedule
for required maintenance. As-built plans need not be
submitted for facilities located on an individual lot/struc-
ture.

Comment: Many municipalities already require that as—
bGuilt plans be submitted prior to acceptance of streets,
sewers, and other improvements in the S/LD. This
should be a standard procedure for all municipalities,
and this provision could be included in the section of
the S/LD ordinance dealing with public acceptance of
site Improvements, '
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Sec,

107 INSPECTIONS

Comment: Regular inspections by the municipal engineer or

other qualified persons are the only way to ensure that the

approved stormwater management plan is implemented
properly.

The following section identifies the key intervals when in-
gpections ideally should be made. Generally, these points
will coincide with other inspections for site improvements,
building construction, and erosion/sedimentation. This
schedule will have to be adjusted to fit the particular con-
ditions of the development and the available staff of the
municipality. Municipalities should include fees for the
necessary inspections as part of their development fee
schedules.

1. Key inspection phases

a. At the completion of preliminary site preparation,
including -stripping of vegetation, stockpiling of
topsoil, and construction of temporary stormwater
management and erosion control facilities.

b. At the completion of rough grading, but prior to
placing topsoil, permanent drainage, or other
site development improvements and ground covers.

¢. During construction of the permanent stormwater
facilities at such times as specified by the municipal

engineer.

d. Completion of permanent stormwater management
facilities, including established ground covers and
plantings.

e. Completion of any final grading, vegetative control
measures, or other site restoration work done in
accordance with the approved plan and pemmit.

2. It is the responsibility of the developer/builder to notify
the municipal engineer well in advance of the completion
of each identified phase and to arrange for the required
inspection.

3. Work should not commence on a subsequent stage until
the preceding stage has been inspected and approved.
Any portion of the work which does not comply with
the approved stormwater plan must be corrected by the
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Sec,

108

permittee within a stipulated time. No work shall pro-
ceed on any subsequent phase of the stormwater manage~
ment plan, the subdivision or land development, or
building construction until the required corrections have
been made,

4, 1If at any stage of the work the municipal engineer
determines that the stormwater management controls
or other requirements are not being installed as shown
in the approved plans, the municipality may revoke
existing permits until a revised plan is submitted and
approved.

PERFORMANCE ASSURANCES, FEES, AND VIOLATION PENAL-
TIES

Comment: These final items should be included in the appro-
priate articles of the S/LD ordinance, They should be con-
sistent with current practices of the municipality and applic-
able state law.

The ordinance should identify the types of acceptable finan-
cial guarantees (e.g., bonds, escrow accounts, etc.) required
for any stormwater management controls. These must be in
conformance with Section 509 of the MPC. In most of the
municipal ordinances, this can be handled by amending their
existing provisions to indicate clearly that stormwater con-
trols are subject to maintenance guarantees if they are to
be dedicated to the municipality.

The ordinance should also provide that the governing body
may establish reasonable fees to cover the cost of the plan
reviews and inspections for the stormwater management
systems. The actual fee schedule should be adopted by
separate resolution so that it can be changed without having
to go through a formal amendment of the S/LD ordinance.

Fee types and amounts are at the discretion of the munici-
pality. It should recognize that adequate administration of
the stormwater provisions may require additional staff or
consulting time (particularly if its current stormwater con-
trols are fairly minimal), and these costs should be paid by
the applicant. Watershed municipalities already |using
developer's agreements or directly reimbursable fee systems
should not have to amend their existing fee provisions.

Failure to implement the approved stormwater plan for the site

would be a violation of the S/LD ordinance, and penalties
would be as prescribed by the municipal ordinance. (Refer

188



to Section 515 of the MPC.)

The municipality can also take action under Section 15 of the
Stormwater Management Act. Any violation of the Act, the
watershed stormwater plan, or the ordinances adopted to
implement it is a public nuisance. The municipality can seek
an injunction, writ of mandamus, or other appropriate
action to abate, prevent, or restrain the violation.

Also, if the violation involves an obstruction permif or
relates to the E/S measures, the municipality can seek
remedies under the Dam Safety and Encroachments Act
(Section 19) or the Clean Streams Law (Article VI). Again,
vioclations of these statutes are declared public nuisances.
In these cases, the municipality would first seek enforcement
action through DER. If DER fails to respond, then the
municipality, upon notice to the Commonwealth, may bring
suit in the name of the Commonwealth to abate the nuisance
or prevent or restrain the violation.

Zoning Ordinance

Municipalities can utilize their zoning ordinances to ensure that
stormwater standards are applied to single lot/structure developments
and changes or reuses of existing uses. Also, through the gzoning
ordinance, municipalities can protect sensitive environmental areas
(e.g., steep slopes) which may contribute to stormwater problems or
are subject to runoff damage (e.g., wetlands} .

Incorporating adequate stormwater provisions in accordance with
the watershed plan should not require substantial amendments to most
of the existing municipal ordinances or maps. The key additions or
changes are outlined here; many of these simply involve cross-refer-
encing to appropriate sections of the stormwater management article
of the S/LD ordinance. Again, the municipalities should draft the
necessary amendments carefully to ensure internal consistency among
all sections of the zoning ordinance and with other municipal ordi-
nances.

The recommended, additions or changes to the local zoning ordi-
nances are:

1. The watershed release rate percentage map should be adopted
as an overlay to the zoning map, and, if possible, designated
100-year floodplains should be shown on the overlay. This
' recommendation is made to facilitate the review of applica-
tions; the overlay map immediately alerts both the developer
and the municipality to the fact that a site is subject to
stormwater management (and/or floodplain) requirements.
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Language should be added in the general provisions or
supplementary regulations section of the ordinance extending
the coverage of stormwater management standards to all
uses covered by the zoning ordinance., For example:

a. All uses covered by the provisions of this zoning ordi-
nance shall comply with the requirements and standards
of the stormwater plan for the watershed in which the
use is located and to the provisions of Article
of the municipal S/LD ordinance and applicable pro-
visions of the municipal building code.

b. Agricultural activities, where permitted by this ordi-
nance, shall have a conservation plan prepared (or
reviewed) by the U.S. Soil Conservation Service.
Appropriate administrative procedures of the Delaware
County Conservation ~District must be followed. The
standards and criteria of the applicable watershed
plan shall be considered .in the preparation of the
conservation plan.

In the case of farming activities, municipalities do not
attempt to regulate them extensively, especially in re-
lation to stormwater management and E/S contrds.
However, these activities do appear to constitute land
alteration or disturbance activities within the scope of
the Stormwater Management Act. This may require
municipalities to rethink how they handle {farming
activities under their zoning ordinances.

The municipalities should review the district regulations and
planned residential development (PRD) sections of their
ordinances to remove any contradictory provisions for storm-

water management, The district regulations could make
reference to the stormwater requirements in the general pro-
visions. Similar language as in item "2a" above could be

included in the PRD provisions.

This type of cross-referencing would eliminate the potential
for contradictory or inconsistent language in the stormwater
management standards in the zoning ordinance. This is
currently a problem in some of the municipal ordinances.

The zoning ordinance should specify that an applicant cannot
obtain a zoning use {or building) permit until any required
floodplain, obstruction, and E/S permits have been obtained.
These provisions assure the municipality that the require-
ments of these laws have been met by the applicant.

Municipalities are sometimes prone to overlook these prior
permitting procedures under pressure to get a project under-
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INSTRUGCTIONS

Begin with A-1 as the first map number o identify the first storm water problem area. lllustrats the defined problem on
the watershed map provided, and identify it with its map number.

For each storm water probiemn area within yaur municipality, enter the map identification number at the head of the column.
Deseribs the problem by placing a check (v) in the appropriate blocks of the column under this map identification number,

When an additional explanation is required, write the line number(s] used in the cotumn marked “Explanation Line Na.(s}".
Example 1, 2-3, ete,

If storm water problem Sampla Definitions
oceurred during and after
Agnes, describe the fre
quency of the problem
after Agnes.

Storm Watar Probiem Area

An area that defines the farthest extent of a storm water
prablern, including any crea that expariences property damage,
inundation, accelerated arosion, surface water poliution,
groundwater pollution, fandsitides, or any other probiem as
a result of storm water runaff,

Groundwater
Water in the ground below the water table.

Agealeratad Erosion

The removal of the surface of the lend through the
combined action of man’s activities and the natural processes
at a rate greater than would occur because of the naturai
process alons,

Use tha oxplonation lines
to list the typs of public
propzrty  damages, &4,

roadways, hospitals, etc, \

Sedimentation
The process by which soli or other surface materials,
transported by surface water, is deposited on stream bottoms.

Waiter Obstrustion
Any dika, bridge, culvert, wall, wingwail, fili, pier, whar?,

T T embankment, abutment, or other structure located in, along,
| v e W 190 o i , e :
across, or (rojecting into any watercourse, floodway, or body
Enter the line no.(s) used P e ——— of watar.

to iist the map 10 no.fs}
for the preposed faeilities,

EXPLANATION LINES (continued)
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APPENDIX B .

EXISTING STORMWATER CONTROL FACILITIES
INVENTORY AND EVALUATION

Introduction

A research effort was undertaken by the Delaware County Conser-
vation District to locate existing stormwater control facilities within the
Ridley Creek watershed. The Conservation District searched through
the erosion and sedimentation control plans submitted to it for review
since 1971. The facilities that were indicated as having been installed
through the follow-up activities of the Soil Conservation Service
(SCS) were listed, This list was then enlarged by the addition of
the facilities reported by the local municipalities,

The second step in this study was to fidd investigate al existing
stormwater control facilities. The §CS District Conservationist assisted
with these field investigations to comment upon existing conditions.
Those facilities which were located from existing erosion and sedimen-
tation control plans were reviewed further to determine if the fadilities
had been installed as proposed.

The third step in this study was to determine ownership of the
facilities. As many owners as possible were then located and inter-
viewed to gain insights about maintenance requirements and various
other problems associated with stormwater control facilities.

The following is a summary of the findings of this effort, With
very few exceptions, detention basins appear to be the only form of
stormwater contral currently utilized within the watershed. Further,
the majority of the existing detention basins have only recently been
installed. '

Inventory Summary

A total of eighteen detention basins were located. Their municipal
distribution is as follows: Upper Providence Township-seven, Edgmont
Township-six, Middletown Township-two, Brookhaven Borough-two,
and Nether Providence Township-one., In addition, one site in Edgmont
Township utilized seepage pits to control stormwater, and two other
sites proposed the utilization of seepage pits.

The Conservation District was able to locate plans in its files for
all but four of the reported detention basins. It is important to note
that of the eighteen detention basins, eight were located within projects
under active construction. There was only one case in which a deten-
tion basin was indicated as being in existence in a developer's comments
on an erosion and sedimentation control plan and not located in the
field. '



Evaluation Summary

The majority of the completed detention basins would probably be
considered eyesores if they were located in visible areas. Maintenance
of the inside slopes of the larger basins appears to be an extremely
Jdifficult task. This maintenance problem is complicated by the fact
that eight of the ten basins located within completed projects show
evidence of standing water. The basins that were seeded with crown
vetch have developed a good vegetative cover. However, weeds, trees,
and scrub growth have become established within the crown vetch,
detracting from their appearance.

One detention basin owned and maintained by Nether Providence
Township on Wiltshire Drive stands out from the rest with regard to
maintenance. The detention basin does have a small pool of standing
water, and the planting of evergreens on the embankment of the basin
could present future problems, but on the whole, the basin is very
well maintained.

The ability of a basin to function propetrly is nearly impossible to
evaluate under normal conditions. The nature of a detention basin is
such that its operation is not evident until rains of a certain frequency
storm occur. These storms are usually severe enough to prohibit out-
door field investigations. In fact, the basins in all probability have
not even experienced the maximum storm for which they have been
designed.

All of the basins were evaluated in detail, and a representative
photograph was taken. The evaluation was recorded on the attached
forms, and a photograph will be kept on file in the Conservation
District Office.

Owners hiE

The ownership of the existing detention basins and the proposed
ownership of the recently completed basins is extremely varied.
Municipalities with multiple basins also have multiple forms of owner-
ship for these basins. There does not seem to be a direct relationship
between type of ownership and degree or quality of maintenance. A
breakdown of the various forms of ownership is as folows: two basins
are owned by a municipality, four are proposed to be owned by a
homeowners' association, two will be owned by the person who pur-
chases the lot on which the basin is located, and the remainder com-
prise various corporate and public forms of ownership. :

Condusions

The existence and location of stormwater management facilities have
not been adequately documented in the past. No one agency keeps
track of the installation of stormwater facilities, and, consequently,
municipal officials have a difficult time compiling an inventory of
existing facilities. The preparation of a list of existing stormwater
control facilities is a time consuming activity, and no guarantee can
be made that all facilities will be located.
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The maintenance of detention basins is, with few exceptions, limited
within the watershed, This limited maintenance may have adverse
effects on the proper functioning of the basin, such as clogging of
the outlet structure, and, in extreme cases, a reduction in the storage
capacity. Ownership of the basins can present problems when the
owner is not familiar with the designed function of the detention
basin. No regulatory procedures are in effect to ensure that the
owner of a facility will be able to maintain the basin properly. A
basin will not function properly if the outlet structure is removed,
if water is diverted from entering the basin, or if the basin is con-
verted into a permanent pond.

Recommendation

This inventory and evaluation was conducted to provide information
to the consultants for the Ridley Creek Stormwater Management Plan.
The Conservation District recommends that this information be utilized
to assist in the development of a stormwater management plan that
addresses the spedfic conditions within the Ridley Creek watershed,
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APPENDIX C

LINE DIGITIZATION METHOD

The development of many of the data parameters that are needed
as input to PSRM requires that the physical characteristics of the land
area in the watershed be determined. Examples of these parameters
include subbasin area, percent imperviousness in each subbasin,
and the average slope in each subbasin., The first step in developing
input data for PSRM is to determine the areal pattern of each of the
following attributes over the watershed:

o subarea indicator or identification number
o slope range (e.g., 0-2 percent)
o} land use type (e.g., residential)

o hydrologic soil type (e.g., scil in Soil Conservation Service
(SCS)} hydrologic group B)

Conventionally this is done by preparing a set of transparent overlays
for an appropriate base map of the watershed. The second step in-
volves determining the areas associated with composite attribute sets;
for example, the amount of land area in Subarea 1 that is of a
residential land use type. The simplest of these sets are subarea~
glope and subarea~land use. Using manual methods, this step is
accomplished by combining the appropriate overlay maps and plani-
metering the regions associated with the appropriate composite attri-
bute. For example, the total area in Subarea 1 that is occupied
by land use Type A (.66 to .99 residential units per acre) may be
determined. This area would then be recorded for the composite
attribute--subarea (1) - land use (A), or just "l1A.," The most com-
plicated attribute set used in the development of PSRM input is
subarea-land use-soil type. The information that is furnished by
this set is used to compute average runoff curve numbers (CN).
In this case, three overlays must be combined and planimetered. For
large watersheds, the labor required for overlay drafting, hand
planimetering, record keeping, and computation quickly becomes
uhmanageable, In addition to being very slow and tedious, manual
methods are prone to human error. The larger the study area, the
more error that is unavoidably accumulated.

Some less apparent, but equally troublesome shortcomings of the
manual method are the:

o Need to compile all attribute maps at the same scale.
o Difficulty in accommodating a change in one of the attribute
maps. Each change involves recombination of the overlays

and replanimetering of the affected regions.



o The overlays, once prepared, will generally not be compatible
with map information developed independently by workers in
adjoining study areas, Consequently, a considerable quantity
of work effort must be duplicated when study areas are en-
larged or merged in subsequent investigations.

Digitization and digital map processing provide an alternative
method for preparing PSRM input parameters which avoids the afore-
mentioned problems. With this computer assisted approach, the details
of each attribute map are translated by the computer into a numerical
list which is referred to as a "digital map file." Computer data files
contain all of the necessary information to reconstruct the attribute map-
at any desired scale and level of precision, Very importantly, checks
can be built into the digitization process to protect against the intro-
duction of damaging errors. Once the pertinent digital map files are
generated, "overlaying" of the individual attribute map files, measure-
ment of single attribute and composite attribute areas, and manipula-
tion of the area data to produce the required PSRM input (e.g.,
average runoff curve number, percent imperviousness, average slope,
etc.) are handled by the computer. Due to the flexibility that is
inherent in digital processing, digitization offers many advantages,
including: ‘

o Digital map files, created from original work maps that have
been compiled at widely varying scales, can be easily and
effectively combined.

o Changes made to one or more digital map files do not neces-—
sitate the need for new human labor to reanalyze. The com-
puter quickly handles the recomputation of composite attri-
bute areas and input parameters.,

0 Digital map files created by different workers in unrelated
study areas can, in most cases, be merged at some later
occasion. This is true even when different digitization
techniques are used. '

o Since no physical overlays are involved, all of the map infor-
mation and the results of computations are conveniently stored
on durable magnetic tapes or cassettes.

There are two general classes of digitization methods, cell digitiza-
tion and line digitization. In cell digitization, the map.is divided into
a grid of identical squares. A value or attribute is assigned to each
square on the basis of an average for the square (in the case of a
value) or majority contribution (in the case of an attribute). Total
areas are computed by summing squares which have a fixed unit
area. The resolution of cell digitized maps depends upon the dimen-
sions of the squares chosen.

In line digitization, a map is divided into a set of stacked "slices"
of identical width (see Figure C-1), Each slice is, in turn, broken
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into two attribute boundaries, Areas are computed by summing line
lengths and multiplying by the fixed slice width. The resolution of
line digitized maps depends upon the slice width,

Cell and line digitized map files can be interconverted, but
not, in general, without some loss of information. Ideally, digital
maps which are to be combined should be digitized on the same cell
grid or slice pattern to prevent any loss of resolution and to minimize
computer time and expense. The absolute scale of the digitization
grid or pattern, however, does not matter, A cell grid or slice pattern
should be selected which ensures a level of precision that is at least
as good as that of the original work maps.

The line digitization method was employed to develop input para-
meters for PSRM in this pilot study. Original work maps were compiled
on two different scales, 1:24,000 and 1:4,800. The digitizing program
that was developed by Satterthwaite Associates, Inc., contains an
internal subroutine which automatically sets the scale and orientation
of each digital map to conform to a common standard coordinate system.
For the pilot study, the Universal Transverse Mercater (UTM) coor-
dinate system was selected. A slice pattern with 100 meter wide east-
west slices was selected and laid out on each of the base maps. The
digitization technique involves moving a recording device across the
center line of each slice in sequence. The device is connected directly
to the computer that is handling the construction of the digital map
file. Attribute boundaries encountered by the device together with the
attribute designation are coded into the digital map file. The coded
information describing the set of segments in each slice are referred
to as a digital record. Each record has a unique place in the com-
puter's "digital map" which is created. The records in maps of
different attributes must agreé exactly in number and sequence.
Digital maps of composite attributes are created by "overlaying"
records from different maps (see Figure C-1). Only those records
corresponding to identical slices are overlayed. The process of tem-
porarily overlaying the individual files creates a new "digital map file"
in which the records describe the lengths of slice segments with com-
posite attributes. To find the land area occupied by a specific attri-
bute or composite attribute, the computer simply sums the lengths of
all similar segments in the new temporary file and multiplies each sum
by the predetermined slice width. These areas are then automatically
carried through the appropriate computations which are necessary to
generate the required PSRM parameters.



APPENDIX D

A PROCEDURE FOR THE DESIGN OF DETENTION BASINS

A general detention basin design procedure is presented in
Chapter V. This appendix presents a more detailed discussion of
techniques that can be used to accomplish each step in the general
detention basin design procedure.

o Define the Site Conditions (pre- and post-development)

Refer to SCS Technical Release 55 (TR-55) Chapter 2,
("Urban Runoff Curve Numbers") for the procedure to
develop a weighted curve number (CN) reflecting both
pre- and post-development conditions.

o Determine the Total Quantity of Stormwater Runoff that
Arrives at the Entrance of the Detention Facility

After determining the weighted CN value for both pre- and
post-development site conditions, use (Eq. 2-7, TR-55):

s = 1,000 - 10
CN

to determine the potential abstraction(s) for pre- and post-
development conditions. Then substitute the value determined
for the potential abstraction into (Eq. 2-5, TR-55):

Q0 = (p-0.28)°
51 0,85

to determine the total runoff in inches (Q), P is the total
precipitation for the 2-, 10-, 25-, or 100-year rainfall events.
For this pilot study, the precipitation quantities for these
events are given in Table D-1.

TABLE D-1

24-HOUR RAINFALL DEPTHS FOR SELECTED
RETURN PERIODS IN THE RIDLEY CREEK WATERSHED

Return Periods ' Depth in Inches
2-year 2.92
10-year 4.68
25-year 5.54
100-year 6.85

The total runoff volume should be calculated for all rainfall
events over both pre- and post-development conditions. The



total runoff volume that will be infiltrated through on-site
infiltration facilities can be subtracted from the total runoff
(Q) when the total runoff for post-development conditions is
calculated,

Develop Runoff Hydrographs for All Rainfall Events

Determine the time of concentration (T ) for the site in both
pre~ and post-development conditions. cUsing the appropriate
chart in Table 5-3 of TR-55 relating to the T _ that has been
determined for pre- and post-development, construct the
hydrographs for all four rainfall events. A total of eight
hydrographs should, therefore, be developed. A convenient
computation sheet is provided on the following page for con-
structing the hydrographs.,

Determine a Preliminary Basin Design

A first attempt at determining an initial size for the pro-
posed detention basin should be made by plotting the pre-
and post-development hydrographs for all rainfall events.
The area on this graph between the pre- and post-develop=
ment hydrographs will provide an estimate ‘of the volume of
runoff that may be needed to control the peak runoff rate
after development to the pre-development peak runoff rate.
(If the development site is in a subarea with a release rate
percentage, however, the appropriate peak discharge rate
should be defined and the estimated volume increased in
relation to the release rate percentage. Refer to Chapter \
for a discussion of the release rate percentage.) Figure D-1
shows example pre- and post-development hydrographs. In
Figure D-1, the shaded area between the hydrographs would
provide an estimate of the required detention storage volume
for this hypothetical condition.

FIGURE D-I

RUNOQFF AFTER DEVELOPMENT

INITIAL ESTIMATE OF REQUIRED DETENTION
STORAGE IN CUBIC FEET

DISCHARGE

RUNOFF BEFORE DEVELOPMENT

2 TIME

| INCREASED PEAK DISCHARGE
2 SHORTENED TIME TO PEAK
3 INCREASED RUNOFF VOLUME

D=2



o The unknown impact of the operation of the stormwater
management system within the development site on down-
stream areas

When the stormwater management system 1s a last-minute
add-on, the only criterion used for it is a specific perfor-
mance control (post-development peak runoff rate no greater
than the pre-development peak runoff rate) at the develop-
ment site boundary. The impact of redirected or increased
stormwater runoff on-site and in downstream areas may create
future claims for damage by affected landowners. Minor re-
visions of the development site design and review procedure
may provide for better coordination of the stormwater manage-
ment system design with other site development design phases.

An alternative procedure for developing a stormwater management
system for a land development site may include the use of a "storm-
water management feasibility study." The feasibility study could be
used to preliminarily define an "optimum" stormwater management system
for a site which can be more effectively designed and reviewed. The
wse of a feasibility approach can also help cut the overall costs for
stormwater management on a development site. The contents of a storm-
water management feasibility study for a land development site may
include the items listed in Table E-1. '

The existing site development plan review process that was
presented earlier (Figure E-1) was reviewed to determine whether or
not a feasibility study alternative could be incorporated into the
existing system. Figure E-2 illustrates one alternative for incorporating
a stormwater management feasibility study approach into the existing
review process for Delaware County municipalities.

The benefits of the recommended procedure for incorporating the
feasibility study approach into the site development review process
include:

o A potential reduction of wasted engineering fees resulting from
detailed work which is determined to be inadequate by the
reviewing municipality at advanced stages of the review
process. '

o A potential reduction in the overall time required for the re-
view procedure because of early coordination between the
applicant and the municipality.

o The definition of potential areas of environmental concern
during the initial planning phases when cost-effective methods
for eliminating this potential for adverse impact can best be

determined.

o Better overall coordination of the efforts of developers,
technical consultants, municipal engineers, and local municipal
officials.



TABLE E-1

TYPICAL CONTENTS OF A
STORMWATER MANAGEMENT FEASIBILITY STUDY
AND PRELIMINARY SITE SKETCH PLAN

Feasibility Study

o

(o]

Existing ground cover conditions

Soil descriptions, boundaries, seasonal high groundwater
levels (SCS Soil Surveys can be used as a reference)

Underlying geologic conditions

Definition of the existing natural drainage paths and drain-
age area boundaries

Designation of any wetland areas

100-year floodplain boundaries

Definition of existing on- or off-site drainage problems
Appropriate stormwater management criteria as defined by
the standards and criteria of the pilot stormwater management
plan

- Release rate percentage

- Direct discharge

- Downstream impact evaluation

Preliminary Site Sketch Plan

o

Architectural layout of streets, buildings, approximate
puilding dimensions, parking areas, walkways, and other
impervious areas

Configuration of the storm and sanitary sewer system layout

Approximate location and layout of the stormwater management
system with a description of its proposed operation

Mo detailed calculations are required at this time



FIGURE E-2

¥

Submit the feasibility study and
preliminary sketch ‘plan  (Table
E-1) to the municipality

Review and  comment by  the
municipaiity

Complete final plan and submit ta:

The Delaware County Plan-
ning Department

The municipality's planning
commission

Comments raturned to the

|

The municipality's
engineer

municipality within 45 days

All comments submitted to
the municipal governing
body with the. site plans
for  final review and
decision
(90 days maximum time :
{rom submittal of the final ——— Approval denied . . __|
plan)
Approved with contin-
gencies i
(1 year maximum time limit Revise plan as required to meet
for submitting the revised the contingencies, and obtain al]
final plan or the process necessary state, federal, county,
reverts to the beginning) and local government permits and
approvals
f Approval
Submit the revised final deniel;p within
p?an tot 90 days from
receipt of
¢ \l the revised plan
The Delaware County Planning The municipal governing body
Department
Comments returned to the
municipali ty within 45 Approval
days
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APPENDIX F

STORMWATER MANAGEMENT PROBLEM
IDENTIFICATION AND COST ACCOUNTING SYSTEMS

A concern commonly considered when the subject of stormwater
management planning is discussed involves the actual cost of repair
and maintenance resulting from stormwater related damages. A question
that is frequently asked is: "Is there adequate justification for the
stormwater management planning effort in our community?" In most
areas, a detailed inventory of repair work resulting from storm runoff
damages is not kept up-to-date by municipal maintenance crews. As
a result, only limited information is typically available describing the
cause of storm runoff damages. Therefore, it is difficult to evaluate
the costs of actual repair and maintenance that result from stormwater
related damages. Documentation of a frequently occurring problem
can provide justification for decisions regarding the correction of the
problem and can also help to identify where revisions to an existing
stormwater management plan are most necessary.

The problem identification and cost accounting system that has
been developed for this. pilot. stormwater management plan is, in a
sense, an effective management practice that can be used to develop
one of the critical aspects of any long-term stormwater management
plan, i.e., the necessary justification for the preventative approach
to the problem of stormwater runoff contral. In addition, the system
can also help provide the basis for educational programs aimed at
pointing out the consequences and/or impacts of inefficient and/or
ineffective stormwater management programs. The problem identifi-
cation and cost accounting system includes three forms that may be
utilized in the following fashion:

Form No.l:

This form is a log sheet for repair or maintenance that is required
as a result of stormwater runoff, This form or log sheet is intended
to be a one-page sheet that is carried in the municipal maintenance
trucks and completed whenever a maintenance crew is called out to
repair any damages resulting from stormwater runoff or to repair
and provide routine maintenance of a stormwater management facility,
The proper use and importance of the log sheet should be described
to municipal management and maintenance personnel in order for it to
be readily accepted and, therefore, easily used. It would need to be
pointed out to the maintenance crews, probably by the municipal
engineer or manager, that the form is a ecritical part of a long-term
stormwater management planning program and that it needs to be filled
out for all stormwater runoff related repair and/or maintenance activi-
ties, The form should be signed by the job foreman, and each job
should be assigned a job number (see Form No. 1). The important
items on this form include:



o Location of activities
0 Reason why the repair or maintenance is required

This description involves the mere checking of a particular
item on the form, so it can be easily used by maintenance
personnel.

o The work required

This section is split between repair or replacement of struc—
tures and general maintenance (see Sections C and D of
Form No. 1). This item is important because total annual
stormwater costs should be identified in terms of costs spent
on needed repair or replacement activities and costs spent
on general maintenance.

o General information that can be used to develop costs for
the job ‘

Sections E through J are intended to provide information on
the time required and the materials used in order that a total
cost for the job can be developed at a later date.

Completed Form No. 1 sheets should ideally be collected and reviewed by
the municipal engineer or manager on a quarterly basis (or more fre-
quently as appropriate), In addition, any repair or replacement work
(see Section C) should signal the need to fill out Form No, 2 for that
particular problem.

Form No.2:

This form is intended to be used by the municipal engineer for
problems directly related to stormwater runoff. That is, any critical
problems (particularly recurring problems) that are repaired or fixed
should be documented for use in an annual summary of these type of
repairs, An example of a problem that would be written up in this
manner is an undersized road culvert that is removed and replaced
by a larger sized culvert so that immediate upstream flooding can be
eliminated or reduced. These types of activities on a municipal- or
watershed-wide basis are those for which you would like to have
documentation as you initiate or update a watershed-level stormwater
management plan,

This documentatton will allow the municipality to see if it is
constantly "putting band-aids on the wounds" as opposed to addressing
(healing) the source of the problem, For example, if a particular
municipality in the downstream portion of the watershed is consistently
having to increase the size of its drainage facilities (e.g. road cul~-
verts), and the Delaware County Planning Department can see that



FORM NO, 1
LOG SHEET FOR STORMWATER RELATED
REPAIR OR MAINTENANCE

Municipality:
A, Job no, and location
B, Why repair or maintenance is required: (check appropriate item/s)

flooding of structures

nuisance flooding affecting roadways, parking areas,
public open areas, etc. '

overflow of man-made drainage systems; i,e., storm
sewers, combined sewers, concrete open channels, etc.

erosion of stream channels

erosion of slopes, open areas, etc.
damage to bridge or culvert

surface water or wetland contamination
mosquito control

other:

Work required - repair or replacement of:

Work

bridge or culvert

storm or combined sewer

inlet structure ™ outflow structure
pumps man-made channel
other:

sediment (sand & silt)
removal logs, tires, etc.

required - general maintenance such asi

obstruction removal; i.e.,

sewer flushing grass mowing



Municipality:

Al

FORM NO. 3
ANNUAL SUMMARY OF STORMWATER RELATED
COSTS FOR 19 __

Brief summary description of general watershed runoff problems or
problem types:

Tattach additional sheet or report if required)

Brief summary description of the potential causes of the key water-
shed problems:

(aitach additional sheet or report if required)

Number of stormwater runoff related problems that have been re-
ported to and/or addressed by the municipality:

substantial flooding affecting structures

nuisance flooding affecting roadways, parking areas, public
open areas, etc.

overflow of man-made drainage systems; i.e., storm sewers,
combined sewers, concrete open channels, etc.

erosion of stream channels

erosion of slopes, open areas, etc.
damage to bridge or culvert

surface water or wetland contamination
mosquito control

other:

Number of stormwater runoff related problems for which log sheets
have been prepared, with total costs:



FORM NO, 3
ANNUAL SUMMARY OF STORMWATER RELATED
COSTS FOR 19
{(CONTINUED)

Number of
Instances Description of Activity Total Costs

1. Repair or replacement of:

bridge or culvert

inlet structure

channel or drainage swale

outflow structure

other:

2. General maintenance

sediment removal

sewer flushing

~weed control

placing of rip-rap or similar

materials

obstruction removal; i.e., logs,

tires, etc.

grass mowing

regrading

other:

E. Annual summary of stormwater related costs:

1. Number of jobs requiring only maintenance

Total cost

Number of jobs requiring repair and/or construction

Total cost

Total annual stormwater related costs

F-9/10
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INTRODUCTION

This document serves as an addendum to Volume II of the
Act 167 Stormwater Management Plan for the Ridley Creek
Watershed. The text reflects changes in the watershed's
iand use and municipal ordinance structures between 1982,
when the plan was originally prepared, and 1988, the time of
County adoption.

TECHNICAL ANALYS1S UPDATE

Technical Update Approach

The original "pilot" watershed plan was developed based
on land use data and information gathered in the spring and
summer of 1982 and, therefore, reflected the current devel-
opment conditions in the watershed at that time. Between
the time of the original plan preparation and this update,
some development activity has occurred within the watershed,
changing the present land use conditions. As part of this
update, land use information was gathered in the fall of .
1986 by the Delaware County Planning Department and placed
onto appropriate mapping so that the digitized data base for
the watershed could be updated to reflect the current con-
ditions at that time.

The reason for the update of the technical aspects of
the plan is to determine whether the existing plan provi-
sions are adequate or whether new or stricter requirements
are appropriate. The update 1s intended to examine the
impacts of the changes in land use resulting from actual
development activity in the watershed as well as any other
important stormwater or flood control facilities that may
have been constructed since the original plan preparation.
In the case of the Ridley Creek watershed in 1986, it was
deemed appropriate to modify the Penn State Runoff Model
(PSRM) simulation modeling of the watershed to reflect the
actual development which had occurred since the original
plan preparation in 1982.

Along with the update of the original 1982 data base,
the entire digitized watershed data base was converted to a
new digitization program format for use on a personal com-
puter. The original 1982 data base was developed using a
main frame computer program at West Chester University which
is no longer available. Its conversion to the personal com-
puter digitization program format now provides greater
flexibility for use by the County and other users.

Digitization of the mapping provided by the Planning
Department, which shows the actual development that has
occurred in the Ridley Creek watershed since 1982, was per-
formed. In this way, the new digitized data base was
modified to reflect the changes in the actual land use
in the existing and future conditions models. The new digi-
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tized data base was reaggregated to calculate new SCS runoff
curve numbers and impervious percentages for those subareas
in which land use changes have occurred. These parameters
were also recomputed for the future conditions model, pre-
suming that the actual development which has occurred is not
exactly that which was anticipated in 1982,

The PSRM input sequences for the existing and future
conditions models were updated using the recalculated curve
numbers and impervious percentages. The new models were run
to compute new subarea and watershed peak flow rates for the
10-, 25-, 50-, and 100-year design storms.

The changes in existing and future conditions subarea
characteristics resulting from the digitization of updated
land use information is reflected in Table A-1, which
corresponds to Table 1IV-4 of Volume II of the pilot
watershed plan (page 76). The peak flow rates at selected
points of interest resulting from the changes in the
existing and future conditions watershed models are
illustrated in Tables A-2 and A-3. For the sake of com-
parison, these tables correspond with Tables IV-3 and IV-5
of Volume II of the plan (found on pages 72 and 77,
respectively). As can be observed in these two tables,
there has been relatively little increase in peak flow rates
at the selected points of interest as a result of the devel-
opment which has occurred from 1982 to 1986. An increase
is noted in the peak flow rates of the 2-year storm near the
mouth of the watershed, possibly as a result of significant
increases in impervious cover percentages in the middle and
lower portions of the watershed (i.e, subareas 37 through 43
and 47 through 59). The peak flow rate changes are evident
in both existing and future conditions modeling results.

Tables A-4 and A-5 present the subarea peak runoff flow
rates and the total watershed peak flow rates at subarea
outlets throughout the watershed. These results correspond
with Tables IV-6 and IV-7 of Volume II (found on pages 79
and 80 therein)., The individual subarea peak runoff flow
rates reflect increases that can be anticipated in those
subareas where development has occurred, which has raised
both runcff curve numbers and impervious percentages. The
total watershed peak flow rates at subarea outlets further
reflect the trends and the results described above.

Summary of Modeling Results

The modeling results of the 1986 update show little
change in the results obtained in 1982. This reflects the
rather minor amount of development which has occurred rela-
tive to the watershed as a whole. There were no new flood
control or major stormwater management structures con-
structed in the watershed which would cause a significant
change in modeling results. Therefore, the provisions for
stormwater management developed in the 1982 plan are still
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believed to be appropriate for implementation in 1988,
The most significant changes in peak flow rates noted are
for the smaller, more frequent design storm events, so the
focus for stormwater management in the Ridley Creek
watershed continues to be on addressing those events (i.e.,
the 2-through 25-year storms). The standards and criteria
presented in Volume I of the watershed plan remain the
recommended provisions for implementing stormwater manage-
ment control in accordance with the requirements of Section
13 of act 167.

Update of Release Rate Percentages

A primary performance standard for stormwater management
control and facility design in the Ridley Creek watershed is
the release rate percentage which has been assigned to each
subarea of the watershed. Along with the updated watershed
modeling, new release rates were calculated using the new
PSRM model output. The new release rates presented on
Plates 1 and 2 of the watershed plan reflect the updated
hydrologic modeling results. The release rates presented in
the tables on Plates 1 and 2 have been checked to ensure
that the desired control of peak flow rates is achieved at
downstream points of interest while also ensuring that the
computed release rates are not overly conservative and a
burden to land development. A description of the basis for
computing the release rates and for thelr use in stormwater
management design according to the standards and criteria is
presented in Volume II, pages 86 through 100.



TABLE A-1

EXISTING AND FUTURE SUBAREA CHARACTERISTICS
(1986 UPDATE)

Existing Land Cover Future Land Cover

Subarea Area Percentage Curve Percentage Curve

No. (Acs.) Impervious No. Impervious No.
3 312 4 65 8 64
4 108 1 65 7 62
5 150 4 71 9 66
6 217 4 65 8 63
7 105 0 6l 8 63
8 46 4 64 9 64
9 242 4 65 8 67
11 219 1 68 7 64
12 233 3 72 7 65
14 56 33 67 33 67
16 193 24 63 58 64
17 63 10 62 10 62
i8 50 32 67 35 63
19 11 4 63 10 65
20 397 0 61 0 61
21 594 0 65 8 65
22 235 0 61 0 61
23 184 5 62 8 62
24 125 3 60 3 60
25 105 1 60 3 60
26 541 0 58 0 58
27 393 3 60 3 61
28 59 8 59 9 60
29 284 0 57 0 57
30 g7 13 62 17 63
31 262 9 6l 13 62
32 227 0 59 1 59
33 79 0 59 0 59
34 238 11 68 11 68
35 204 4 64 4 64
36 226 17 62 17 63
37 96 13 62 14 63
38 208 12 63 15 64
39 221 10 69 14 68
40 312 12 63 12 64
41 190 13 62 19 63
42 403 10 62 13 63
43 352 34 65 35 66
44 80 33 62 33 62
45 308 12 63 12 63
46 a 0 62 0 62
47 332 25 65 25 65
48 145 44 66 44 66
49 151 32 63 32 63



TABLE A-1

EXISTING AND FUTURE SUBAREA CHARACTERISTICS
(1986 UPDATE)

CONTINUED

Existing Land Cover Future Land Cover

Subarea Area Percentage Curve Percentage Curve
No. (Acs.) Impervious No. Impervious No.
50 207 16 66 16 66
51 226 13 61 13 62
52 131 29 62 31 60
53 340 18 62 15 62
54 446 17 61 17 6l
55 140 35 68 43 68
56 475 20 68 22 68
57 189 29 69 30 69
58 191 44 66 44 66
59 188 13 73 20 73
60 387 30 71 30 71
61 0 0 62 0 62
62 497 19 67 19 67
63 165 23 71 24 71
64 416 34 67 35 67

65 401 59 62 ' 62 62



TABLE A-2

PEAK FLOW RATES AT SELECTED POINTS OF INTEREST
(1986 UPDATE)

EXISTING CONDITIONS

Peak Flow
Point of in Cubic Feet Per Second ‘
Interestl Q2 Q10 025 Q100 Comment/Capacity

9 210 620 930 1,460 Mouth of Stackhouse
Mill Run

12 730 2,670 3,510 5,040 Main stem flows below
Stackhouse Mill Run

14 880 3,200 4,190 6,030 Flow rate at County
line

20 910 3,390 4,400 6,330 State park boundary

21 930 3,460 4,490 6,480 Gradyville Rd. bridge/
4,856 cfs

26 140 180 270 500 Mouth of unnamed
tributary

27 960 3,590 4,670 6,760 State park boundary -
bridge at Sycamore
Mills/unknown

33 190 290 410 670 Mouth of Dismal Run

40 150 280 400 630 Mouth of Spring Run

41 1,030 3,850 5,030 7,280 Rose Tree Rd. bridge/
unknown

46 1,060 3,950 5,180 7,490 Media Water Filtra-
tion Plant - Balti-
more Pike bridge/
14,860 cfs

50 1,090 4,020 5,270 7,610 USGS stream gage at
Moylan - Manchester
Rd. bridge/10,271 cfs

53 240 400 510 740 Mouth of Vernon Run

56 1,130 4,140 5,450 7,830 Brookhaven Road
bridge/8,763 cfs

62 1,330 4,260 5,610 8,040 Route 320 bridge/not
applicable

65 1,520 4,330 5,720 8,170 Mouth of Ridley Creek

1 Number of subarea outlet where flow was computed
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- TABLE A-3

PEAK FLOW RATES AT SELECTED POINTS OF INTEREST
(1986 UPDATE)

FUTURE CONDITIONS

Peak Flow
Point of in Cubic Peet Per Second
Interestl  -Q2 Q10 025 Q100 Comment /Capacity
9 250 630 930 1,440 Mouth of Stackhouse
Mill Run
12 730 2,640 3,480 5,000 Main stem flows below
Stackhouse Mill Run
14 870 3,180 4,160 5,980 Flow rate at County
line
20 910 3,360 4,360 6,280 State park boundary
21 930 3,430 4,460 6,420 Gradyville Rd. bridge/
4,856 cfs
26 150 210 300 530 Mouth of unnamed
tributary
27 960 3,570 4,640 6,700 State park boundary -
bridge at Sycamore
Mills/unknown
33 210 330 470 750 Mouth of Dismal Run
40 160 300 430 680 Mouth of Spring Run
41 1,040 3,840 5,000 7,220 Rose Tree Rd. bridge/
unknown
46 1,070 3,940 5,150 7,430 Media Water Filtra-
tion Plant - Balti-
more Pike bridge/
14,860 cfs
50 1,100 4,010 5,240 7,560 USGS stream gage at
Moylan - Manchester
Rd. bridge/10,271 cfs
53 260 420 530 760 Mouth of Vernon Run
56 1,140 4,130 5,420 7,780 Brookhaven Road
bridge/8,763 cfs
62 1,390 4,250 5,580 7,980 Route 320 bridge/not
applicable
65 1,590 4,320 5,690 8,110 Mouth of Ridley Creek
1
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TABLE A-4

SUBAREA ‘-PEAK RUNOFF FLOW RATES (1986 UPDATE}

Subarea Existing Conditions FPuture Conditions

No. glo0ol 925 QL0 Q2 Q100 Q25 QL0 Q2
1 390 270 200 70 390 270 200 70
2 300 210 160 50 300 210 160 50

3 210 120 80 40 260 160 120 60

4 140 70 40 30 140 80 60 50

5 190 110 70 20 170 110 70 40
6 220 120 80 40 230 140 100 60
7 60 30 20 20 100 60 50 30

8 40 20 10 10 50 30 20 10

9 180 110 70 30 250 150 110 50
10 4,400 3,090 2,280 650 4,400 3,090 2,280 650
11 310 160 90 40 290 160 110 70
12 200 120 70 20 1890 110 80 40
13 1,050 730 540 170 1,050 730 540 170
14 140 100 80 40 140 100 80 40
15 400 280 210 70 400 280 210 70
16 380 260 200 120 670 510 420 250
17 90 50 40 30 90 50 40 30
18 120 80 70 40 120 80 70 40
19 110 60 40 40 150 g0 60 40
20 150 80 50 40 150 80 50 40
21 510 250 150 90 710 420 300 150
22 140 80 50 50 140 80 50 50
23 190 110 70 60 210 130 90 70
24 100 50 40 40 100 50 40 40
25 40 20 10 10 50 30 20 10
26 180 100 70 70 180 100 70 70
27 300 170 120 120 320 180 120 110
28 50 30 30 20 60 40 30 20
29 140 90 90 90 140 90 90 90
30 140 90 60 40 160 100 80 40
31 280 180 130 100 350 220 170 110
32 110 60 50 50 120 70 50 50
33 40 20 10 10 40 20 10 10
34 350 220 150 70 350 220 150 70
35 1890 100 70 40 180 100 70 40
36 390 250 190 140 410 260 190 130
37 130 80 60 40 140 30 70 40
38 320 200 140 100 360 230 170 100
39 270 170 120 50 300 190 140 70
40 420 270 200 120 440 280 200 110
41 170 120 90 50 220 160 120 70
42 350 230 180 100 410 280 220 120
43 880 620 490 280 910 650 500 280
44 200 140 110 80 200 140 116 80
45 380 240 180 100 380 240 180 100
46 -= - —— - - —- - -
47 640 450 350 190 640 450 350 190
48 350 260 210 120 350 260 210 120



TABLE A-4

SUBAREA PEAK RUNOFF FLOW RATES (1986 UPDATE)
CONTINUED

Subarea Existing Conditions Future Conditions
No. Qiool 025 Q10 Q2 0100 Q25 QL0 02

49 410 280 210 150 410 280 210 150
50 400 250 180 90 400 250 180 90
51 280 190 140 90 290 190 150 90
52 270 190 150 90 270 200 160 100
53 530 350 270 160 540 360 280 160
54 540 380 300 170 540 380 300 170
55 340 240 190 100 390 280 220 120
56 860 570 420 210 900 600 450 230
57 440 310 240 130 450 320 240 130
58 420 310 250 140 420 310 250 140
59 460 300 220 90 470 310 220 100
60 830 590 450 230 830 590 450 230
61 - - — - —- -- -— -
62 910 600 450 230 910 600 450 230
63 340 230 170 80 350 240 180 90
64 870 630 490 270 890 640 500 270
65 1,170 900 730 420 1,220 940 760 440

1 All flows in cubic feet per second



TABLE A-5

TOTAL PEAK FLOW RATES AT SUBAREA OUTLETS (1986 UPDATE)

Subarea Existing Conditions ~ Future Conditions

No. plool 925 QL0 Q2 Q100 Q25 Q10 Q2
1 390 270 200 70 390 270 200 70
2 300 210 160 50 300 210 160 50

3 840 560 400 140 840 570 410 150
4 140 70 40 30 140 80 60 50
5 1,070 710 490 170 1,040 690 490 180
6 220 120 80 40 230 140 100 60
7 60 30 20 20 100 60 50 30

8 310 170 110 60 380 230 170 100

9 1,460 930 620 210 1,440 930 630 250
10 4,400 3,090 2,280 650 4,400 3,090 2,280 650
11 310 160 90 40 290 160 110 70
12 5,040 3,510 2,670 730 5,000 3,480 2,640 730
13 1,050 730 540 170 1,050 730 540 170
14 6,030 4,190 3,200 880 5,980 4,160 3,180 870
15 © 400 280 210 70 400 280 210 70
16 550 380 260 140 790 - 590 430 270
17 6,200 4,310 3,330 900 6,150 4,280 3,310 900
18 120 80 70 40 120 80 70 40
19 190 120 90 50 200 130 100 50
20 6,330 4,400 3,390 910 6,280 4,360 3,360 910
21 6,480 4,490 3,460 930 6,420 4,460 3,430 930
22 6,490 4,500 3,470 930 6,450 4,460 3,450 930
23 190 110 70 60 210 130 90" 70
24 100 .50 40 40 100 50 40 40
25 320 180 120 100 350 200 150 120
26 500 270 180 140 530 300 210 150
27 6,760 4,670 3,590 960 6,700 4,640 3,570 960
28 50 30 30 20 60 40 30 20
29 190 110 90 90 190 110 90 30
30 140 90 60 40 160 100 80 40
31 340 220 160 100 420 280 200 110
32 450 280 200 120 530 340 250 140
33 670 410 290 190 750 470 330 210
34 7,000 4,830 3,710 990 6,940 4,800 3,690 1,000
35 7,040 4,860 3,730 990 6,980 4,820 3,710 1,000
36 390 250 190 140 410 260 190 130
37 480 310 230 170 500 320 230 160
38 7,130 4,930 3,780 1,010 7,070 4,890 3,760 1,010
39 270 170 120 50 300 190 140 70
40 630 400 280 150 680 430 300 160
41 7,280 5,030 3,850 1,030 7,220 5,000 3,840 1,040
42 7,360 5,080 3,890 1,040 7,300 5,050 3,880 1,050
43 690 500 400 240 710 520 410 240
44 790 570 450 270 820 590 460 270
45 380 240 180 100 380 240 180 100
46 7,490 5,180 3,950 1,060 7,430 5,150 3,940 1,070
47 7,540 5,220 3,980 1,070 7,480 5,190 3,970 1,080
48 350 260 210 120 350 260 210 120
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TABLE A-5

TOTAL PEAK FLOW RATES AT SUBAREA OUTLETS (1986 UPDATE)

Subarea Existing Conditions Future Conditions
No. Qlool 925 Q10 Q2  QL00 025 QL0 Q2
49 670 470 360 190 670 470 360 190
50 7,610 5,270 4,020 1,080 7,560 5,240 4,010 1,100
51 7,620 5,290 4,020 1,090 7,560 5,260 4,010 1,100
52 270 190 150 90 270 200 160 100
53 740 510 400 240 760 530 420 260
54 7,740 5,380 4,090 1,110 7,690 5,350 4,080 1,120
55 340 240 190 100 390 280 220 120
56 7,830 5,450 4,140 1,130 7,780 5,420 4,130 1,140
57 7,860 5,470 4,150 1,140 7,800 5,440 4,140 1,150
58 420 310 250 140 420 310 250 140
59 460 300 220 90 470 310 220 100
60 830 590 450 230 830 590 450 230
61 1,300 890 660 320 1,300 900 670 330
62 8,040 5,610 4,260 1,330 7,980 5,580 4,250 1,390
63 8,060 5,630 4,270 1,360 8,010 5,600 4,260 1,430
64 8,120 5,680 4,300 1,440 8,060 5,650 4,290 1,510
65 8,170 5,720 4,330 1,520 8,110 5,690 4,320 1,590

1 aAll flows in cubic feet per second
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MUNICIPAL ORDINANCE UPDATE

Since 1982, when the original pilot watershed plan was
prepared, municipalities have made numerous changes in their
general regulatory controls and provisions which address
stormwater-related issues. Tables A-6 and A-7, which
correspond to Tables VI-1 and VI-2 of Volume II, (found on
pages 148 and 153, respectively) represent updated versions
of these original tables, and reflect 1987 municipal regula-
tions.

-12-
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MISCELLANEOUS CHANGES

As part of the 1988 plan update, the entire report was
reviewed for inconsistencies and need for revision. The
following is a list of changes which should be made.

Page
vii Add Plate 2 Delaware County Storm-
water Management Plan Ridley Creek
Watershed Subarea Map.... Envelope
on back cover to the List of
Figures.
16 Delete PA from the parentheses in
the first full paragraph.
49 Add the following paragraph before

the last paragraph:

Several of the factors forming the
basis for the selection of the 2-,
10-, and 25-year design storm events
for stormwater management in the
Ridley Creek watershed are as.
follows:

1. The greatest impacts projected
from future development activ—
ity in terms of increased
runoff peak flow rates are
observed in the higher fre-
guency storm events, e.g. the
2- through 25-year return
period storms.

2. There is an emerging trend in
the stormwater management
programs in other states to
focus on more frequent storm
events,

3. Current drainage design in the
watershed wutilizes, at most,
the 25-year event for carrying
stormwater runoff in and around
development sites in storm
sewer systems, diversion
swalas, etc.

4. The watershed modeling per-
formed as part of the prepara-
tion of this plan reflects no
projected increase in the peak
1l00-year flow rates along the
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111

178

185

190

main stem of Ridley Creek in
Delaware County resulting from
anticipated future development.

5. The plan requires safe passage
of the 100-year storm event
through all stormwater manage-
ment control facilities.

Change the word "greater" to "less"
in the title of the horizontal axis.

Section 103-4-b should read: Final
plan approval should be contingent

upon obtaining all necessary
obstruction, floodplain, and/or E/S
permits. Building permits should

not be granted until the developer
has complied with the same.

Section 106

2. Excluded from this requirement
are those facilities designed to be
situated on and to serve individual
lots.

Remove the words “zoning use" from
#4.
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