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Project 91-503-10 October 29, 1998

ADDENDUM
REVISIONS TO MODEL ORDINANCE
FLAUGHERTY RUN WATERSHED ACT 167 PLAN
ALLEGHENY AND BEAVER COUNTIES, PENNSYLVANIA

Pages 11-7, 11-9, 11-10, and 11-14 of the Model Ordinance, as bound in the above
plan repart, have been revised based on comments received from the Pennsylvania
Department of Environmental Protection (PaDEP) subsequent to reproduction of the final
report. This addendum contains these revised pages, which are to be substituted for the
pages bound in the report. For reference, a copy of the PaDEP comments has also been
included in this addendum.

Questions may be directed to:

Mr. Kerry L. Frech, P.E.
Project Manager

- GAl Consultants, Inc.
570 Beatty Road
Monroeville, PA 15146-1300
(412) 856-6400
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Pennsylvania Department of Environmental Protection

Sent by: G.A.I.

Rachel Carson State Office Building
P.O. Box 8555
Harrisburg, PA 17105-8555
October 13, 1998

Bureau of Watershed Conservation 717-772-5661

Bud Schubel, Manager RE@EIIWEID) .

Department of Economic Development

County of Allegheny it § 9‘_1998

‘Suite 800, 425 Sixth Avenue GAl CONSULTANTS ING

Pittsburgh, PA 15219 PROJ. NG S| s mb N
ce o ¥aLesis

Re: Tlaugherty Run Stormwater Management Plan
Dear Mr. Schubel:

This acknowledges receipt of the final version of the plan and other documents on the public
hearing. We look forward to the County adopting the plan so that the municipalities can move ahead
with implementation.

The final plan appears to have incorporated most of the comments that we provided earlier. A final
reading, hawever, identified several areas in the model ordinance section that should be addressed prior
to distribution of the plan to the municipalities, if it has not been done yet.

1. P.11-7. The definition of “Municipality” should read “Municipality - , County,
Pennsylvania. This would be better since this is actually atemplate for individual municipalities to use
and will take care of the Beaver County municipalities using this model.

Tl ool A

2. P.11-9. Sectian 1.00.07 Stormwater Plan Requizements. Section 1.00.07(b)(2) exempts small
development. However; they must control stormwater in-accordance with Section 1.00.08(b). There
is no Section 1,00.08(b). - Subsection (3) then requires the land developer to implement on-site
controls. That is requiring someone to do something after they have been exempted. Subsection 4)
says that the developer does not have ta use an engineer for design work, yet subsection (5) requires
the developer to do a hydraulic capacity analysis. We recommiend deleting Section 1.00.07 (b)(2)
from the fourth sentence on. A periad could be placed after the word “runoff’ in the third line.

Note that P. 11-14, Section 1.00.11 (b) requires any person engaged in land development to manage

stormwater runoff as is reasonably necessary to protect health-and property. This would cover the
items deleted in 1.00.07 and development that has been exempted from submitting a drainage plan.

43l Oppartunity/Atirmative Action Emplayer h“P!”\"W\v.dcp.state?pé.us Printed on Recycled Paper S






Sent by: G.A.I. 412 856 4970;

10/29/98 8:42AM;JetFax #683;Page 5/9

= E .3 [ z
Received: 10/2FiYA 4:29PM; 41z 372 2161 > G.A.L.j age

;anT by: GAI BILBERRY 412 a72 2181;

Bud Schubel, Manager -2-

10/27/88 4:30PM; JatFax #434;Page 2/2

October 13, 1998

3. P.11-14. Section 1.00.09 requires that if develop \ent activities do aot start or are suspended for 18
months, the developer must determine if the watershed characteristics have changed and submit a new
plan addressing these changes. A land developer is|responsible for runoff from their site and not for

other development in the watershed that has been a

proved by the municipality and undertaken by

others. Please delete the words “within the watershed” oni the 6™ line under this section.

Plcase make these changes prior to adoption and |
transmitted a copy of this letter to Kerry Frech of GAIf
me if you have any questions.

Sincere

final distribution 1o the municipalities. 1 have
[orhis records and needed action. Feel free to call

Do Lot —

Durla N. Lathia

Chief

Stormwater Planning

and Maxfz

agement Section

Division of Water Use Planning

bee: Main File SWMP 114:02
Kerry Frech, GAl
Ritzer
30-Day File
wﬁ o xmu.ﬂ..’
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"Infiltration"; The flow or movement of water through the interstices or pores of a
soil or other porous medium, ar the absorption of liquid by the soil.

"Land Development": The improvement of one lot or two or more contiguous lots,
tracts, or parcels of land for any purpose invalving a group of two or mare residential
or nonresidential buildings, whether proposed initially or cumuiatively, or a single
nonresidential building on a lot, or lots regardless of the number of occupants or
tenurs, or the division or allocation of land or space between or among two or more
existing or prospective occupants by means of or for the purpose of streets,
common areas, leaseholds, condominiums, building groups, or ather features, or
a subdivision of land.

"L.and disturbance": Any activity involving grading, tilling, digging, or filling or
stripping of vegetation; or any other activity which causes land to be exposed to
erasion.

"Maintenance": The upkeep necessary for efficient operation of physical properties.

“Municipality’: . . County, Pennsylvania.

"NRCS": The National Resources Coh::séwation Service (formery the Saoil
Conservation Service), U.S. Department of Agriculture.

"Outfall; The point or location at which stormwater leaves a site, which may include
streams, storm sewers, swales or other well defined natural or artificial drainage
features, as well as areas of dispersed overiand flow.

*Outlet control structure”: A structure designed to control the rate of stormwater
runoff released from a detention system.

"Peak Discharge”: The maximum rate of flow of water at a given point and time
resulting from a specified storm event.

"Peak Flow".. Maximum flow.

"Performance standard™: A standard which establishes an end result or outcome
which is to be achieved, but does not prescribe specific means for achieving it.

"Pervious": A surface which permits the pa,s:'sage or entrance of water or ather
liquid. ¢ ‘

“Point of interest": A point of hydraulic concern such as a bridge, culver, or channel
section, for which the rate of runoff is computed or measured.

"Rate of runoff": The instantaneous rate of water flow, usually expressed in cubic
feet per second. o

Revised October 28, 1998 17 “ “\
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"Stormwater runoff volume": The quantity of water resulting from a storm event,
usually expressed in cubic feet, acre feet, or inches over acreage of the watershed.

"Stream": A watercourse, whether perennial or intermittent.

"Subbasin™: A portion of the watershed that has similar hydrologic characteristics
and drains to a common paint.

"Swale™: A low-lying stretch of land which gathers or carries surface water runoff.

"Time of concentration™; The time period necessary from surface runoff to reach the
outlet of a subarea from, hydraulically, the most remote point in the fributary
drainage area.

"Watercourse": Any channel far conveyance of surface water having a defined bed
and banks, whether natural or artificial, with perennial or intermittent flow.

"Watershed": The entire area drained by a river, stream, or other body of water
whether natural or manmade. A "designated watershed” is an area delineated by
the Pennsylvania Department of Environmental Protection.

"Watershed stormwater management plan®;..: The plan for managing stormwater
runoff throughout a designated watershed adopted by Allegheny County as required
by the Pennsylvania Stormwater Management Act.

1.00.07 STORMWATER PLAN REQUIREMENTS.

(a) General Requirements. No final subdivision or land development plan shall be
approved, no permit authorizing construction issued, or any earth-moving or land
disturbance activity initiated until the final stormwater management plan for the
development site is approved in accordance with the provisions of this article.

(b) Exceptions for Smali Developments.

(1)  Atthe time of application, the-Municipality shall determine if the subdivision
or land development qualifies as a "small development" and, therefore, is
eligible for a simplified stormwater plan submission.

(2) Small developments shall be exempt from the preparation of a detailed
stormwater management plan as specified by subsections (c) and (d) hereof.
However, such developments shall: still provide safe management of
stormwater runoff.

Revised October 28, 1998 119 @m’i
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(3)  Applications for small developments shall include a plan which describes,
narratively and graphically, the type and location of proposed on-site
stormwater management techniques or the proposed connection to an
existing storm sewer system. The plan should show accurately site
boundaries; contours at five-foot intervals for areas of greater than
twenty-five percent (25%) slope gradient and at two-foot intervals for areas
with less than twenty-five percent (25%) slope; lacation of watershed and/or
subarea boundaries on the site (if applicable), and any watercoursss, flood
plains, or existing drainage facilities or structures |ocated on the site.

(4)  Wheneverthe submission of runoff calculations are required by the Municipal
Engineer, they shall be prepared in accordance with Section 1.00.11.

(6)  The Municipal Engineer shall review.and approve the proposed provisions
for stormwater management for a small development. Where the applicant
is propasing to connect to an existing storm sewer, the applicant shall
demonstrate that sufficient capacity exists in the storm sewer from the point
of connection to the point of outlet in the natural drainage system. The
Municipal Engineer shall detenmine if the proposed development site is part
of a larger parcel or tract for which a stormwater management plan was
approved previously and, therefore,.subject to any specific stormwater
management control contained In the-prior plan.

(6)  For a parcel or tract of land held under single ownership, only one application
for a small development, as defined:above, shall be-permitted before
requiring a stormwater management plan for the entire parcel.

(1) General format. The stormwater plap shall be prepared using the general
requirements for plan format contamed in the subdivision regulations with the
following additions:

A. Watershed location. Provide.a key map showing the development
site location within the watershed.and watershed subbasin(s) (consult
Watershed Stormwater Plan for boundaries). On all site drawings,
show the boundaries of the watershed(s) and (where applicable)
subbasin(s) as they are located on the development site and identify
watershed name(s) and subbasin number(s).

B. Flood plain boundaries. ldentlfy 100-year flood plains on the
development site (as appropnate) or determine the 100-year flood
plain for any watercourse-or w_ater body on the development site.

R R o

:‘Ji’; ;’?‘-":;-’, . (i)
Revised October 28, 1998 11-10 _»I @@ﬁ m
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1.00.09 STORMWATER PLAN AFTER FINAL APPROVAL.

Upon recording of the final plat, the applicant may commence to install or implement the
approved stormwater management controls, subject to the provisions of Section
1.00.05(b)(6). If site development or building construction does not begin within eighteen
manths of the date of the final approval of the plan, then before doing so, the applicant
shall resubmit the stormwater management plans to verify that no condition has changed
that would affect the feasibility or effectiveness of the previously approved stormwater
management controls. Furthermore, if for any reason development activities are
suspended for eighteen months or more, then the same requirement for resubmission of
the stormwater management plan shall apply. The terms of these subsequent reviews
shall be subject to the provisions of the subdivision regulations.

1.00.10 STORMWATER PLAN MODIFICATION.

Requests for modifications of the final approved stormwater management controls shall be
submitted to the Municipa! Engineer as follows:

(@) If the request is initiated before constructlon begms the stormwater plan shall be
resubmitted and reviewed according 1o the pracedures in Section 1.00.05.

(b)  Ifthe requestis initiated after constructian is. underway the Municipal Engineer shall
have the authority to approve or dlsapprove the modifications, based on field
inspection, provided the requested changes in stormwater controls do not result in
any modifications to other approved MumCIpallty land use/development
requirements (such as required building setbackKs, yards, etc.). A plan madification,
in accordance with applicable Municipality procedures shall be necessary if any
such requirements are affected. The Municipal Engineer shall submit a record of
all approved changes for the stormwater management controls to the Municipality
prior to the acceptance of any improvements by the Municipality. Modifications shall
not affect the compliance of the plan with the performance standards set forth in
Section 1.00.08 and 1.00.08. ,

1.00.41 STORMWATER MANAGEMENT -PERFERMANCE STANDARDS.
(a) Watersheds.

(1)  Forthe purposes of stormwater management the Municipality is divided into
the following watersheds: :

A. Flaugherty Run.

(1)  The location and boundaries of the watersheds and subbasins
‘are adopted as overlay d|stncts to the Municipality Zoning Map
and are shown on the ‘riap in the Watershed Stormwater
Managemeri Fian for the subject watershed.

j ()
Revised October 28, 1998 11-14 LIJ lﬁ
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1.0 INTRODUCTION

Background

On October 4, 1978, with the passage of the Storm Water Management Act
(Act 167) and its companion bill, the Flood Plain Management Act (Act 166), the
Commonwealth of Pennsylvania embarked upon a significant new course to reduce
flooding and the problems caused by inadequately controlled stormwater runoff.
Recognizing the repeated threats to public health and safety, the legislature mandated a
comprehensive approach to planning and controlling excess stormwater runoff. The Storm
Water Management Act sets up a program for controlling accelerated runoff so that it does
not lead to increased flooding. The Flood Plain Act provides for the preservation and
restoration of flood plains, which are natural floodwater storage areas.

Since the early 1900s, substantial portions of Pennsylvania's landscape have
changed dramatically. With the advent of the automobile, residential, commercial, and
industrial development spread across the countryside, transforming it from farms and rural
villages to sprawling urban-suburban communities. The alteration of natural surface
contours through the construction of buildings, streets, and large parking areas has
modified rainfall/runoff patterns to such an extent that local flooding problems now plague
communities throughout the Commonwealth.

In some areas, these problems occur on a house-to-house basis. Runoff from one
or more lots in a single development may damage walls, or driveways, or end up as a pond
on a neighbor's lot. In other areas, runoff from streets and storm sewers in one residential
development or from a large commercial development causes flooding of lands and
buildings farther downstream. The cumulative effect of development has resulted in the
flooding of both small and large streams, with property damage running into the millions
of dollars and even causing loss of life.

Storm Water Management Act 167

The statement of legislative findings at the beginning of the Storm Water
Management Act sums up the critical interrelationship between development, accelerated
runoff, and flood plain management. [t says:

"Inadequate management of accelerated runoff of storm water
resulting from development throughout a watershed increases flood flows
and velocities, contributes to erosion and sedimentation, overtaxes the
carrying capacity of streams and storm sewers, greatly increases the cost of
public facilities to carry and control storm water, undermines flood plain
management and flood control efforts in downstream communities, reduces
ground-water recharge, and threatens public health and safety.

1-1 @
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A comprehensive program of storm water management, including
reasonable regulation of development and activities 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."

In the past, stormwater management was oriented primarily toward a single site or
development. Good stormwater management was getting the water off the site as quickly
as possible and into the nearest stream or river. Minimal attention was given to the effects
on downstream locations (frequently because they were in another municipality), or to
designing stormwater controls within the context of the entire watershed.

Act 167 changes this approach by instituting a comprehensive program of
stormwater planning and management. The act requires counties to prepare and adopt
watershed stormwater management plans for each "Designated Watershed" located in the
county, as identified by the Pennsylvania Department of Environmental Protection
(PaDEP). These plans are to be prepared in consultation with the municipalities located
in the watershed, working through a Watershed Plan Advisory Committee (WPAC).

The legal analysis of Act 167 assisted in the technical work by clarifying the
purposes and intent of the act and the basic standards established by the act for
stormwater management. The legal analysis also provided a basis for determining the
types and nature of regulatory measures that could and should be applied to implement
the Flaugherty Run Stormwater Management Plan. This is an important consideration
because Act 167 requires local governments to adopt and enforce necessary land use and
development controls to implement the plan.

This management plan includes proposals for ordinance provisions designed to
implement the recommended technical measures. These ordinance standards are
intended to provide a guide for the municipalities in enacting or amending their existing
ordinances. The model ordinance provisions that are provided with this plan can be used
as the basis for preparing specific ordinance language for each municipality within the
watershed.

A comprehensive watershed stormwater management plan cannot be implemented
effectively on a piecemeal basis. A watershed management approach and
intergovernmental cooperation is required to provide consistent and effective stormwater
management. Therefore, this study identifies several approaches that the municipalities,
counties, and state can take to implement a workable stormwater management system.
The system should be capable of performing various required functions, including planning,
construction, operation and maintenance, regulation, and financing. The management
system finally selected for each watershed will vary depending upon the physical,
economic, and development characteristics of the watershed. The local officials and
residents of each watershed will have to determine the system that will function most
effectively and economically in their specific area.

1-2
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Contents of the Plan

This Flaugherty Run Stormwater Management Plan contains the plan text and
describes the background and general characteristics of the study area, the methods used
for data collection, the analytical tools used, results of the analysis, and stormwater runoff
control alternatives. The content and format of the plan generally follows guidelines
recommended by the Pennsylvania Department of Environmental Protection. The
Pennsylvania Department of Environmental Resources (PaDER) was reorganized during
the preparation of this plan. The Department of Environmental Protection (PaDEP) now
administers the Act 167 program for the state. Specific management and regulatory
responsibilities are identified as they relate to developers, local and county officials, and
state agencies. The location of existing obstructions and identified problem areas, and
projected development are presented. The plan also contains a watershed release rate
percentage map which presents the proposed stormwater management strategy. Copies
of the computer model analyses and calculations are on file with the County of Allegheny,
Department of Economic Development.

A separate Executive Summary of this plan is available. The summary highlights
the key technical findings and recommendations of the watershed study. It also outlines

watershed management alternatives, as well as required additions and changes to
municipal land use and development regulations to implement the watershed plan.

91503-s1.kIflcwi9
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2.0 ACT 167 WATERSHED-LEVEL STORMWATER
MANAGEMENT PLANNING AND IMPLEMENTATION

General

An analysis of stormwater management would not be complete without some
discussion of the law that created the stormwater management program, along with the
other laws that relate to its implementation. In addition to the Storm Water Management
Act, there are four other laws which collectively provide the legal powers and mandates to
implement a comprehensive stormwater management plan. They are the following:

. Dam Safety and Encroachments Act (Act 325-1978)

. Clean Streams Law (specifically, the erosion and sedimentation regulations
adopted pursuant to the law)

. Flood Plain Management Act (Act 166-1078)
. Pennsylvania Municipalities Planning Code (Act 247, as amended)

Key provisions of each of the five primary statutes are presented here. Highlighted
are the elements that are most pertinent to the watershed stormwater plans and
management programs. A brief overview on governmental immunities is included because
it is helpful for the municipalities to understand their potential liabilities.

It should be noted that the comments on these acts are not intended to be official
legal opinions, nor are they to constitute advice on any specific issue or case. Instead, this
chapter is provided to assist in a general understanding of the legal framework for
stormwater management.

Storm Water 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 for
managing stormwater runoff to prevent problems resulting from uncontrolled runoff,
including flooding, erosion and sedimentation, landslides, and pollution and debris often
carried by storm runoff.

Watershed Stormwater Plans. As discussed in the preceding section, one of the
act's innovative features is the creation of a public stormwater planning, management, and
control system at the watershed level. These plans are to be prepared for each
"Designated Watershed" as delineated by PaDEP.
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The counties that are responsible for preparing the plans must organize a watershed
plan advisory committee (WPAC) composed of representatives from the municipalities in
the watershed. The committee is to advise the county during the planning process, and
the plans are to be adopted by the county commissioners and approved by PaDEP after
public review and comment. The completed plans must be consistent with local land use
plans and state plans, such as the regional water quality plan, the state water plan, and
flood plain 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 the Pennsylvania Department of
Transportation [PennDOT]) shall be conducted in a manner consistent with the plan. This
provision gives the stormwater plan a definite legal status. Unlike municipal
comprehensive plans, which are only advisory documents, watershed stormwater plans
will be legally binding

Also, within six months of the approval of the watershed stormwater management
plan, each municipality in the watershed must adopt the land use and development
ordinances to implement the plan. These regulations must be consistent with the plan as
well as with the standards of the Storm Water Management Act. Failure to adopt and
implement the necessary ordinances could result in the state's withholding monies from
the General Fund for which the municipality might otherwise be eligible.

Basic Standard for Stormwater Management. The basic premise of the act is that
those whose activities will generate additional runoff, increase its velocity, or change the
direction of its flow, should be responsible for controlling and managing it, so that these
changes will not cause harm to other persons or property now or in the future. The policy
is that Pennsylvania's legal system will no longer condone those who negligently disregard
the impact of runoff from their activities. It will not allow them to shift the burden of runoff
management to the public and to downstream property owners.

Section 13 of Act 167 defines the legal duties owed by developers and others
engaged in the alteration of land by setting performance standards for runoff management.
This section of the act became effective immediately upon its signing (October 4, 1978).
These new standards essentially replace prior common law drainage rules. Common law
rules, however, will still apply to all developments and land alterations occurring prior to
October 4, 1978.

Section 13 provides:
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
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watershed stormwater plan as are reasonably necessary to prevent injury to
health, safety, or 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;

(2) to manage the quantity, velocity, and direction of resulting stormwater
runoff in a manner which 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.
When, for example, public agencies build storm sewers, roads, buildings, or utility lines,
they must implement runoff control measures that 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 the taking of
reasonable steps to prevent harm or injury to health and property. This general duty is
contained in the language which precedes Sections 13(1) and 13(2). Thus, the "bottom
line" for stormwater management is: Do not cause harm. The section prescribes two
alternatives [Sections 13(1) and 13(2)] for meeting this basic objective.

Further, when Section 13 is read in conjunction with other portions of the act, it
becomes apparent that the intent of the act is to apply the standard to protect persons and
property not only immediately adjacent to the site but also downstream of the site being
altered. In other words, Section 13 is not spatially limited; it applies not only as runoff
leaves a site but as far as its impact can be reasonably determined.

Section 2 of the act states that the legislature found that inadequate 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 was intended to manage runoff at the watershed level.

Further, Section 5(c)(1) requires that the watershed plans contain provisions to
manage stormwater so that an activity in one municipality does not have adverse effect on
persons or property in another municipality in the watershed to which the watershed is a
tributary. Therefore. it is clear that the stormwater plans and management activities must
consider the impact of land alteration activities on the watershed. and runoff controls must
be designed to prevent reasonably foreseeable harm from the boundary of the site
downstream to the base of the watershed.

Section 13(1). Section 13(1) requires that any land alteration not cause an increase
in the "maximum rate" of stormwater runoff; that is, the maximum (peak) rate of runoff after
development for any level storm may not be higher than the peak rate that would have
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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
because it would only be possible to meet a standard that did not permit any increase in
volume at sites where additional runoff could be permanently stored or recharged on-site.

In summary, Section 13(1) means that development cannot increase the maximum
rate of runoff, or of flow contribution, at any point from the boundary of the site to the outlet
of the watershed. Also, development may not cause an increase in maximum rate of flow
in any other watershed to which its watershed is a tributary. The downstream cutoff point
for purposes of Section 13(1) seems to be the foreseeability of harm. Where it is
reasonably possible for the developer to foresee a higher peak rate resulting from the
activities, then the duty imposed by Section 13(1) applies.

Section 13(2). One of the purposes of Section 13(2) is to make the statutory
drainage standard more flexible. Section 13(2) permits changes in runoff characteristics,
including increased runoff rates, provided they do not cause harm. For example,
Section 13(2) permits increased rates of runoff to be discharged into storm sewer systems
when the storm sewers can handle increased volumes and velocities without, in turn,
causing harm.

Prior to the adoption of a watershed plan, the availability of the more flexible
Section 13(2) alternative standard will not necessarily result in the implementation of the
best runoff management solutions. Neither will it necessarily avoid over-regulation.

Particularly when projects are small, it may not be economically feasible for
developers to do the detailed watershed-level hydrological and engineering analysis
necessary to determine that increasing the rate of runoff from their development will not
cause harm, now or in the future. This usually will require an analysis of the watershed as
a whole.

In most instances, it seems that deciding when Section 13(2) permits increased
runoff rates can be done only within the context of a watershed plan. The watershed plan
should identify those areas where increasing runoff rates will not cause harm or will be
beneficial. Thus, the watershed plans will result in a more defined and, therefore, a more
usable Section 13(2) standard

Implementation of a watershed plan may also expand the areas to which the
Section 13(2) standard can be applied. For example, increased runoff could be permitted
as a result of the installation of regional stormwater retention systems, either upstream or
downstream, that reduce existing or potential runoff. The adoption of ordinances that
regulate runoff throughout a watershed will limit the maximum possible future runoff. This,
in turn, will limit the range of possible future peak rates and allow developers and municipal
officials to identify additional areas where increasing the peak rate will not cause harm.

]
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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.

Violations, Penalties. Remedies. Section 15 of the Storm Water Management Act
makes any violation of the provisions of the act or of the watershed stormwater plan a
public nuisance. Any aggrieved person, county, affected municipality, or PaDEP can
institute an action to restrain or abate violations of a watershed plan or of ordinances or
regulations adopted under the act. Any person injured by the conduct of a person
developing land in violation of the watershed plan and ordinances may recover damages
from the responsible party.

Dam Safety and Encroachments Act (Act 325-1978)

Act 325 replaces several older state statutes dealing with dam safety, water
obstructions, and encroachments. This act is the primary source of regulation for dams,*
existing and new obstructions, encroachments, fill in the flood plains, culverts, bridges,
retaining walls, and outfalls (e.g., of storm sewers) in a stream or a (100 year) flood plain.
The act requires permits for the construction or alteration or abandonment of dams,
obstructions, and encroachments. The owners of existing obstructions or encroachments
are also required to obtain permits. Permits are issued by PaDEP pursuant to the act and
regulations (15 Pa. Code Chapter 105).

Because it includes new and existing structures, the Dam Safety and Encroachment
Act is quite broad in its coverage. It also requires permittees and owners of obstructions
to inspect, maintain, and repair the structures. For example, owners of culverts must
inspect them annually and remove silt and debris if the carrying capacity is reduced by
10 percent or more (Regulations, Section 105.171). If conditions change so that the
design of an obstruction or encroachment no longer conforms to the performance
standards in the act or regulations, the permittee or owner has a duty to make such
alterations as are necessary to achieve compliance.

PaDEP is the prime agency responsible for administering the act. It must adopt
regulations to implement the act and it is the permit issuing agency. The regulations
[Section 105.14(b)(9)] require PaDEP, when approving permits, to consider the project's
consistency with state and local flood plain and stormwater management programs. Thus,
the standards and provisions of the Storm Water Management Act and stormwater plans
appear to be applicable to obstructions and encroachments. It is important to note that
once the watershed stormwater plan is approved PaDEP must review obstruction permits
in light of the plan's standards and criteria. Also, municipalities should not issue local
building permits until any necessary obstruction permits are obtained.

*On some cases, larger retention/detention facilities may qualify as dams under the definition
of the act and regulations and, therefore, require a permit from PaDEP.
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Clean Streams Law (Erosion/Sedimentation Regulations)

Pennsylvania's Clean Streams Law was enacted in 1937. lIts original scope was
limited to regulating discharges of sewage and industrial wastes. Since its original
enactment, its scope and duties have expanded substantially. In 1972, PaDER determined
that sediment constitutes a water pollutant under the provisions of the law and
promulgated regulations for the control of erosion and sedimentation caused by
earthmoving activities (15 Pa. Code, Chapter 102).

The general requirement of the erosion/sedimentation regulations is that
earthmoving activities (including excavations, land development, mineral extraction, or any
other activity that disturbs the surface of the land) be conducted in a manner to prevent
accelerated erosion and resulting sedimentation of streams and other watercourses, such
as culverts. Persons engaged in earthmoving activities must prepare and implement an
erosion/sedimentation control plan for the site, regardless of the size of the site.

These plans must be available for inspection at the site at all times. The National
Pollutant Discharge Elimination System (NPDES) permit program has been expanded to
incorporate stormwater runoff from construction activities. This NPDES program is handled
jointly by the PaDEP and the County Soil Conservation Districts. As with obstructions and
flood plain permits, local building permits should not be issued prior to receiving the
NPDES/Erosion and Sedimentation Plan approval, if required. In Allegheny County and
in Beaver County, PaDEP has delegated the administration of the regulations to the
Natural Resources Conservation Services District offices, which review plans for permits.

Because the Clean Streams Law antedates the Storm Water Management Act, it
does not mention the Storm Water Management Act. However, it can be assumed that
erosion/ sedimentation controls should be consistent with the Storm Water Management
Act and an approved watershed stormwater plan. Because they could affect stormwater
runoff management for a site, they would have to comply with Act 167 standards. Also,
the Dam Safety and Encroachments Act requires that obstruction permits comply with the
Clean Streams Law, including the erosion regulations, which in turn must be consistent
with stormwater management programs.

PaDEP has major administrative and regulatory responsibilities for implementing the
Clean Streams Law. PaDEP may also issue enforcement orders. Failure to comply with
an order is a nuisance and exposes the violator to abatement actions as well as civil and
criminal penalties.

Flood Plain Management Act (Act 166-1978)

The Flood Plain Management Act requires municipalities with flood plain areas to
participate in the National Flood Insurance Program and to adopt flood plain management
regulations that control new development, at least, in accordance with the minimum
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requirements established by the Federal Insurance Administration/Federal Emergency
Management Agency.

Municipalities participating in the National Flood Insurance Program must require
building permits for all construction and development occurring within identified flood plain
areas. Such permits are not to be issued until all other required federal and state permits
have been received by the applicant. Thus, municipalities should not issue building
permits for development within flood plain areas unless the applicant has obtained any
necessary encroachment and erosion/sedimentation permits. Of course, building permits
should not be issued unless the proposed activity complies with the stormwater
management regulations that have been adopted by the municipality.

Through this interrelated permitting process, the Flood Plain Management Act
assures control of all activities in a flood plain. It assures compatibility among the actions
governed by the different laws.

As noted earlier, preservation of natural flood plains and a comprehensive program
of flood plain management are a key part of effective overall stormwater management.
Natural flood areas should be maintained as part of a watershed's natural stormwater
control system. Similarly, effective future stormwater management will help to preserve
flood plain areas and assure that properties not now subject to flooding do not become so
in the future.

Pennsyivania Municipalities Planning Code (Act 247. as Amended)

The Pennsylvania Municipalities Planning Code (MPC) is related to stormwater
management because of the authorities it grants to municipalities and counties.* The
MPC enables communities to prepare comprehensive and land use plans and capital
facilities programs. It also empowers them to prepare and adopt zoning (including regional
zoning), subdivision and land development, planned residential development, and official
map ordinances. The various municipal codes (borough, township, etc.) authorize
communities to adopt building/housing codes pursuant to their health, safety, and general
welfare powers.

These are the major planning and regulatory mechanisms that municipalities will use
to implement the watershed plans. Section 11 of the Storm Water Management Act
specifically requires municipalities to adopt "... such ordinances ..., including zoning,
subdivision and development, building code, and erosion and sedimentation ordinances
..." to regulate development activity consistent with the watershed plan and Act 167.

**The MPC excludes first and second class cities and counties, including Allegheny County and
the City of Pittsburgh; these both draw their land and development powers from their

respective municipal codes.
(]
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It is necessary to understand that these various ordinances - zoning, subdivision
and land development, and building - regulate different and distinct aspects or parts of the
land use and development process. It is not possible to adopt one type of ordinance,
zoning for example, and simply include the items and controls covered by the other types
of regulations. In other words, a community cannot regulate land usage or lot size (a
zoning power) in a subdivision and land development ordinance, nor can it establish
structural standards for building construction (a building code regulation) in a subdivision
and land development ordinance, and so forth. In most cases, a comprehensive
development regulation system requires the utilization of all three types of ordinances.

Whenever stormwater is being regulated for a land use or development activity that
falls within the scope of one of the enabling authorities contained in the planning code (i.e.,
zoning, subdivision/land development, planned residential development) or under the
building codes' power in the municipal codes, then the applicable stormwater controls
should be included in the proper ordinance. For example, if the activity being regulated is
a subdivision, then the relative stormwater provisions belong in the subdivision ordinance.
If a community utilizes a separate, single-purpose stormwater ordinance, the ordinance
should be clearly referenced into the appropriate sections of the municipality's zoning,
subdivision/land development, and building codes. Also, the preamble of a separate
stormwater ordinance should indicate that it is being adopted pursuant to the Pennsylvania
Municipalities Planning Code, the Storm Water Management Act, and applicable sections
of the municipal code.

With either approach, when a development activity is within the scope of the MPC,
the municipality should be sure to follow the various plan review processes and other
administrative procedures prescribed in the MPC, including procedures for enacting and
amending zoning and development regulations. The inclusion of specific procedural
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, or building
applications, the stormwater reviews should adhere to the procedures required in the
respective ordinances.

In this study, a Municipal Questionnaire was completed which identified and
compiled the existing municipal ordinances and agencies. The questionnaires are
presented in Appendix A of this plan. More specific information is provided in Section 8.

Governmental Tort Immunity

Municipal immunity is becoming a concern to local communities and officials who
will be adopting and implementing stormwater management regulations. Also,
Pennsylvania and municipal immunity statutes have been subject to recent changes and
litigation, including the relationship of the new (1979) Political Subdivision Tort Claims Act
to stormwater management issues in local municipalities. Municipal officials, of course, will



have to be guided by the advice of their solicitors on potential liabilities as specific cases
or situations arise.

Federal and State Immunity. At common law there were three distinct levels of
governmental tort immunity: sovereign immunity, political subdivision immunity, and public
official immunity. Sovereign immunity was part of the common law from its very beginnings
and became part of the law of this country and Commonwealth when the common law of
England was adopted after independence. The concept behind the doctrine was that the
king was sovereign and could be sued only if he consented.

Congress, by statute, has dramatically limited the doctrine of sovereign immunity
as applied to the federal government. The Federal Tort Claims Act (Title 28 U.S.C 13486,
2671 et. seq.) provides (subject to certain enumerated exceptions) that the federal
government can be held liable to the same extent as a private individual for the negligent
acts or omissions of its employees.

With respect to the state sovereign immunity, the trend among states is to abolish
or severely limit the doctrine by statute or case law. The belief is that the doctrine is unfair
and not suited to the times. The Pennsylvania courts grudgingly applied the sovereign
immunity doctrine, while pointing out its unjust results and strongly suggesting the need
for legislation to reform the law. The Pennsylvania Supreme Court abolished the doctrine
in Maybe v. Pennsylvania Department of Highways, 479 Pa. 384 (1978), but before the
end of September of that year, the legislature had recreated sovereign immunity by statute
(42 Pa. C.S.A. 58521 et. seq.). This statute provides for some very limited specifically
enumerated exceptions, most of which go to negligent failure to adequately enforce state
statutes and regulations. The statute also limits the amounts that can be recovered in suits
brought under the exceptions. It is important to note that state immunity extends to state
agencies, such as PennDOT and PaDEP.

Municipal Immunity. The second level of government tort immunity which developed
as common law was applied to political subdivisions (i.e., municipalities, counties,
municipal authorities, municipal agencies, commissions, and departments, including
planning commissions and zoning hearing boards). The historical basis of the doctrine was
that local governments were the agents of the king.

A substantial number of states have abolished municipal immunity by statute or
judicial decision. The Pennsylvania Supreme Court first limited the doctrine by holding that
it applied only to torts arising out of governmental functions (i.e., those activities which are
typically performed by government, e.g., police, fire, regulatory, etc.) and not to torts arising
out of a municipality's proprietary activities (i.e., activities that could be carried on by private
corporations, such as owning and operating utilities).

Finally, in 1973, the court abolished the municipal immunity doctrine in Ayala v.
Philadelphia Board of Public Education, 453 Pa. 584.
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This was the situation until 1978 when the Pennsylvania legislature enacted the
Political Subdivision Tort Claims Act. The result of this legislation is that since its effective
date (January 24, 1979), the doctrine of municipal immunity, with certain statutory
exceptions, has been resurrected in Pennsylvania. (The provisions of this act have been
amended and recodified at 42 Pa. C.S. 38501 et. seq.)

The Political Subdivision Tort Claims Act applies to municipalities, municipal
authorities (e.g., sewer and stormwater authorities), and counties. The purpose of the
statute is to limit the liability of political subdivisions for the torts of their agencies,
appointed and elected officials, and their employees. Under the act, a municipality is not
liable for damages caused by the negligence of an officer, employee, or agent unless
specific preconditions are met (see Section 8542).

The Political Subdivision Tort Claims Act only protects municipalities and their
officials from private suits. It does not protect them from enforcement orders issued by a
state agency or from any criminal penalties provided by a state statute. Both the
Encroachments Act and the Clean Streams Law provide for PaDEP enforcement orders
and criminal penalties for violations of the statutes.

Official Immunity. 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 Political Subdivision 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 to control.

91503-s2.klffcwi9
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3.0 DESCRIPTION OF THE FLAUGHERTY RUN WATERSHED

Location

The Flaugherty Run Watershed, illustrated on Figure 3-1, the Watershed Location
Map, is located north of the Pittsburgh International Airport, in western Allegheny County
and eastern Beaver County. The watershed is situated in Pennsylvania Congressional
Districts 42nd and 47th (Senatorial), and 28th and 15th (Representative), encompassing
portions of Crescent, Moon and Findlay Townships, in Allegheny County, and Hopewell
Township in Beaver County (see the map, Figure 3-2). A summary of the land area
associated with each township is presented in Table 3.1.

Table 3.1

SUMMARY OF TOWNSHIP AREAS IN FLAUGHERTY RUN WATERSHED

Township County Area (square miles)
Moon Allegheny 6.52
Crescent Allegheny 0.84
Findlay Allegheny 0.30
Hopewell Beaver 1.20
TOTAL 8.86

Flaugherty Run is a tributary of the Ohio River, draining approximately 8.86 square
miles. Figure 3-3, the Watershed Map, shows Flaugherty Run and its major tributaries,
including Boggs Run (3.15 square miles) and Spring Run (0.45 square mile). The
headwaters of Flaugherty Run lie in Moon and Findlay Townships. Flaugherty Run flows
east-northeast to its confluence with Boggs Run, then turns northward to enter the Ohio
River at Glenwillard, in Crescent Township. Boggs Run arises in Hopewell and
Findlay Townships, and flows east-southeast to Flaugherty Run. Spring Run arises in
Moon and Crescent Townships and merges with Flaugherty Run at Glenwillard. The
watershed has a relatively compact drainage system, with Flaugherty Run and Boggs Run
each contributing approximately 40 percent of the total watershed area at their confluence.

Topography

The Flaugherty Run watershed is characterized by narrow, steep-sided valleys and
broad, rounded ridges. The valleys are generally less than 500 feet in width, whereas the
ridges typically reach 1000 feet in width. The valley side slopes range upwards to
30-70 percent; consequently, developed and developable land is restricted to the valleys
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and the ridges. The Slope Map, shown on Figure 3-4, is based on slope ranges given by
the Allegheny County and the Beaver County Soil Surveys (References 1 and 2).

The runoff conditions can be significantly affected by development on the ridges.
Where the basin is undeveloped, runoff flows generally become concentrated into defined
channels in the valleys and lower portions of the hillsides. As the ridges become
developed, however, runoff flows become concentrated at the ridges. These concentrated
flows may significantly increase the flood peaks in downstream areas, and may also
increase the erosion potential in the receiving channels. Planned development and
appropriate stormwater management controls can mitigate many of the adverse effects.

Wetlands

The National Wetland Inventory Maps (NWI, References 3 and 4) for the Ambridge
and Aliquippi quadrangles show five (5) isolated areas of wetlands within the Flaugherty
Run watershed. The wetland types shown correspond to palustrine unconsolidated bottom
and palustrine forested wetlands. These areas are shown on Figure 3-5, the Wetland
Inventory Map. The total area of the wetlands shown is approximately 5 acres. Additional
wetlands may be present in the watershed, and a site investigation would be required to
identify the presence of wetlands at any specific site.

The general absence of widespread wetland areas would indicate that wetlands play
a relatively insignificant role in flood reduction in the Flaugherty Run basin.

Geology

Rock strata encountered in the Flaugherty Run watershed are the relative flat-lying
Casselman and Glenshaw Groups of the Conemaugh Formation. These rock strata
generally consist of cyclic sequences of sandstone, shale, redbeds, and thin limestone and
coal seams. Several fossiliferous limestones occur in the Glenshaw Group, including the
Ames Limestone, which is the uppermost unit in the group. The general dip of the rock is
less than one (1) percent to the northwest, and is controlled by two structural features that
parallel the valley: The West Middletown Syncline to the north and the Crows Run
Anticline to the south.

There has been no activity associated with coal mining in the valley. The Pittsburgh
Coal, which marks the bottom of the Monongahela Group and separates it from the
Conemaugh Formation, has been eroded over the extent of the valley. The Upper
Freeport Coal, which is the uppermost unit of the Allegheny Formation immediately below
the Conemaugh Formation, is not of sufficient thickness to make it economically feasible
for mining in this part of western Pennsylvania.
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Soils

The soils in the Flaugherty Run watershed are typically residual soils, from the
in-place weathering of bedrock. Alluvial soils are found in the base of the valley, and
residual soils are found on the valley walls. Soils in the base of the upper valleys are
characteristic stream deposits, whereas soils in the lower valley areas are a result of the
ponding of the area's major rivers by glaciers. The residual soils on the valley walls above
approximate elevation 920 feet, mean sea level, are derived from claystone strata of the
Lower Grafton and Upper Saltsburg segments of the Conemaugh Formation. Residual
soils below this elevation are primarily from sandstones and shales of the Lower Saltsburg,
Buffalo, and Mahoning sections. Soil complexes commonly found in the watershed are the
Gilpin-Upshur-Atkins associations in the valleys and lower slopes, and the
Gilpin-Wharton-Upshur associations along the ridges. These associations are
characterized by moderately deep and deep, well-drained and moderately well-drained
soils, overlying shales in the uplands and poorly-drained soils in the flood plains
(References 1 and 2). Figure 3-6 presents the Soils Map, based on the Allegheny County
and the Beaver County Soil Surveys (References 1 and 2) and the Allegheny County GIS
(Reference 5).

The Gilpin, Atkins, and Wharton soils are silt loams, and the Upshur soils are silty
clay loams. The erosion potential of these soils is largely dependent on the topography
(Reference 1, p. 38-42), with the greater potential occurring on the steeper slopes. The
erosion potential caused by runoff flows being concentrated in the upper areas of the
hillsides because of ridge development is therefore increased.

Climate

Southwestern Pennsylvania has a humid continental climate, with the weather
primarily dictated by continental air masses (Reference 6). Large storms may also occur
due to air masses originating in the Gulf of Mexico or in the Atlantic Ocean, typically during
the months of June-November. Summers are relatively mild, with average monthly
temperatures in the low 70s and relative humidities in the 70 percent to 80 percent range.
Precipitation averages 36.4 inches peryear. The greatest seasonal precipitation occurs
in the spring and summer months, March-August, when the monthly averages range from
3.1t0 4.0 inches. The fall and winter months experience less precipitation, ranging from
2.4 to 2.9 inches. A summary of monthly climatic data for the National Weather Service
station at the Pittsburgh International Airport (Reference 7) is presented in Table 3.2.

In the spring, the combination of high precipitation and saturated and/or frozen soil
conditions can exacerbate flooding conditions. In the summer and fall, flooding may be
caused by short, intense thunderstorms or tropical storm systems. The small size and
compact shape of the Flaugherty Run watershed can accentuate the flooding. The
watershed is small enough that all or a significant portion may be affected by a
thunderstorm, and the relatively rapid response time (drainage time) and compact drainage
network can quickly concentrate flows.
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Table 3.2

SUMMARY OF CLIMATIC DATA

Average Average
Monthly Monthly
Temperature Precipitation Average Mean Number of Days With
Month (°F) (inches) Snow Precipitation Thunderstorms

January 299 2.85 3.6 16.4 0.2
February 311 2.46 2.8 13.9 0.4
March 39.9 3.28 24 15.7 1.7
April 51.0 3.08 0.5 13.5 3.3
May 61.7 3.38 0.1 12.6 5.2
June 70.1 3.74 0 11.5 6.8
July 74.3 3.99 0 10.8 6.9
August 72.5 3.25 0 9.7 5.6
September 66.2 2.70 0 9.5 3.2
October 54.7 2.44 0.1 10.4 1.2
November 43.1 2.48 0.9 13.0 0.6
December 33.3 277 25 _16.3 _03
Year 52.3 36.43 12.9 153.3 35.4

SOURCE: "Local Climatological Data. 1994, Annual Summary with Comparative Data,
Pittsburgh, Greater Pittsburgh Airport,” National Oceanic and Atmospheric
Administration, National Climatic Data Center, Asheville, North Carolina.

Land Use

Development in the Flaugherty Run watershed has followed the traditional pattern
of concentrating first at the mouth and in the downstream valleys, then spreading to the
more upland and upstream areas. Major transportation routes are State Route (SR) 51 in
the northeast portion of the watershed; SR 60 along the southern and western boundaries;
and Flaugherty Run Road, which runs northeast-southwest across the watershed, and
connects SR 51 and SR 60 (see Figure 3-1). Pittsburgh International Airport is located
south of the watershed, and is the major developmental force in western Allegheny
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County. Developmental pressures may be anticipated to increase as a result of the airport
and the availability of lands for development. Due to the steep hillsides within the
Flaugherty Run watershed, these pressures will concentrate development along the
remaining valleys and ridges. The steepness of the valley walls and compactness of the
drainage system will make stormwater management a critical factor in minimizing potential
adverse effects.

Existing Land Use. The Allegheny County GIS database (Reference 5) indicates
that approximately 62 percent of the watershed was still wooded in the early 1990s.
Residential areas at roughly 15 percent and grassland/open space at roughly 14 percent
constituted the next largest land uses. Recent development has resulted in a decrease in
wooded acreage, and increases in residential and open space acreage. Commercial,
industrial and public areas comprise a total of about 4 percent of the watershed. Table 3.3
and the Land Use Map, Figure 3-7 present a summary of the existing land uses in the
Flaugherty Run watershed, based on 1992 data in the Allegheny County Department of
Planning GIS (Reference 5), U.S. Geological Survey (USGS) mapping (Beaver County,
References 8 and 9), and field estimates. A summary of land use by municipality is
presented in Table 3.4. The Zoning Map, Figure 3-8, summarizes the current municipal
zoning in the watershed, based on the Allegheny County GIS database (Reference 5) and
available information from Hopewell Township. The bulk of the watershed is zoned as
residential, with commercial/industrial zoning concentrated along the major transportation
routes.

Table 3.3

SUMMARY OF LAND USE BY AREA

Percent of Watershed Acres
Forest 62.4 3,540
Grassland/Open Space 14.3 810
Low Density Residential 15.1 860
Medium Density Residential 0.9 50
Non-Vegetated 2.5 140
Commercial 1.6 90
Malls 0.9 50
Transportation 0.9 50
Agricultural/Pasture 0.9 50
Industrial _05 _ 30
TOTAL 100.0 5,670
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Table 3.4

SUMMARY OF LAND USE BY MUNICIPALITY

Crescent Moon Hopewell Findlay
% % % %
Forest 60 62 60 26
Grassland/Open Space 5 13 24 10
Low-Density Residential 20 15 10 25
Medium-Density Residential 5 1 0 0
Non-Vegetated 2 3 2
Commercial 2 2 1
Malls 0 1 0 10
Transportation 5 1 1 5
Agricultural/Pasture 0 1 0 20
Industrial 1 1 2 0
NOTE: Percentages have been rounded to the nearest integer.

SOURCE: Allegheny County GIS and USGS Topographic Quadrangle, "Aliquippa,"
1954, Photorevised 1990.

Projected Land Use. Residential development, and to a lesser extent commercial
development, is anticipated to continue in the Flaugherty Run watershed. Based on
information obtained from Moon and Crescent Townships, several residential and
commercial projects are in various stages of planning and/or expansion. All but one of
these projects are located along the ridges (see the Projected Future Development Map,
Figure 3-9). Table 3.5 presents a summary of the projected development, based on
information provided by the townships, the Greater Pittsburgh International Airport Impact
Area Study (Reference 11), and the Southwest Pennsylvania Regional Planning
Commission (Reference 12). Available developable land within the watershed lies mainly
along the ridges, and in the remaining undeveloped stream valleys. It is estimated that
approximately 25 percent of the watershed is potentially developable, with the major
portion situated in the upland areas to the south and west. These areas are in close
proximity to the major transportation routes and to the airport. The Zoning Map, Figure 3-8,
shows where the residential and commercial development is currently planned to occur.
The watershed is zoned for various densities of residential development, with the higher
density residential zones situated in the upstream areas and ridges of the watershed. The
commercial and industrial development zones are located along the major transportation
routes.
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Table 3.5

SUMMARY OF PROJECTED DEVELOPMENT 1995-2005
FLAUGHERTY RUN WATERSHED

Commercial and

Residential Industrial Sewered Total
Township (acres) (acres) (acres)
Moon 408 166 574
Crescent 100 0 0
Findlay 3 32 35
Hopewell 39 17 116
TOTAL 450 275 725

SOURCES: "Moon Township Municipal Authority Feasibility Study for the Flaugherty Run
Waste Water Treatment Plant Expansion,” (Reference 10), "Greater
Pittsburgh International Airport Impact Area Plan," (Reference 11), and data

from the Southwestern Pennsylvania Regional Planning Commission”
(Reference 12).

Personal Communication, Crescent Township Commissioners (Mr. Roy
Weatherbee), July 17, 1996 at WPAC meeting

91503-s3 kif/cwi9
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4.0 WATERSHED HYDROLOGY

General

The hydrologic description of a watershed consists of those factors which affect how
precipitation/rainfall occurs, how the rainfall is converted to runoff, and how the runoff
drains through the watershed. These factors include the types of precipitation events, the
runoff characteristics of the ground (soil conditions, land cover, imperviousness); and the
hydraulic characteristics of the stream and its tributaries (drainage network, channel and
flood plain flow capacities, and obstructions such as culverts, dams, and bridges).

Rainfall

As discussed in a previous paragraph, flooding in the watershed can occur any time,
and especially due to summer thunderstorms, spring rains, and/or snowmelt. The small,
compact shape of the watershed results in a rapid runoff response, and in a greater
susceptibility to basin-wide storms than a larger basin would have. The rainfall distribution
and intensity of a storm can, therefore, be of equal or greater significance as the total
rainfall amount.

The Flaugherty Run watershed is sufficiently smali (8.86 square miles) that all or a
significant portion of the watershed could experience a short, intense thunderstorm as well
as a regional or frontal system storm. Therefore, the potential exists for sudden floods with
little or no warning. Planning for floodplain development and stormwater management
should keep this potential in mind.

Runoff Characteristics

The major runoff characteristics are land cover (or land use), soil type and
conditions, and imperviousness. These characteristics influence how the rainfall is
converted to runoff, surface storage, evaporation/transpiration, and infiltration. Land use
is typically divided into two groups, "developed" and "undeveloped". "Developed" areas
are generally associated with man-made alterations to the land, and typically include
impervious surfaces (paving, buildings) and/or large scale earth disturbance. Examples
include residential, commercial, and industrial lands, strip mines, airports, and urban parks.
"Undeveloped" areas are areas in which vegetation predominates the land surface, and
includes woods and meadows. The "quality" or degree of vegetation is also considered.
Agricultural lands may generally be considered to be undeveloped, in that their function is
typically oriented toward vegetation, and there is little or no impervious surface. However,
some types and practices of agriculture may result in little or no vegetal cover at various
times of the year. Imperviousness is associated with pavement and buildings, and is a
measurement of the land surface on which negligible infiltration would occur. Soil
conditions which affect runoff include the infiltration capability and the soil moisture
conditions. The "Hydrologic Soil Group" (HSG) is an indication of a soil's minimum

(o)
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infiltration rate, and is commonly used with land cover characteristics to obtain a measure
of the runoff characteristic of a soil. Soil moisture conditions take into account both the
surface permeability (moisture in the soil before the storm) and the physical state of the
moisture (frozen or unfrozen). Saturated soils and frozen soils typically produce higher
runoff rates than drier, unfrozen soils. By incorporation of these factors, a single measure
of the runoff characteristic of a land surface, commonly in the form of the Soil Conservation
Service (SCS) "curve number”, can be determined.

Hydraulic Characteristics

Once runoff has formed, the hydraulic characteristics dictate how the runoff collects
and merges with runoff from other areas, and flows through the watershed. The geology
and topography dictate many of the hydraulic characteristics of a basin. The presence or
absence of highly-erodible or non-erodible rock, limestone, coal (and coal mining), the dip
of rock strata, and the basin rock strata soils are examples of geologic conditions which
can establish hydraulic characteristics. Similarly, the steepness of the valley walls, the
presence or absence of ridges or plateau areas, and the valley floor topography are
examples of topographic conditions affecting a basin's hydraulic characteristics.

Hydraulic characteristics commonly include the drainage network, flow capacities
of the streams, flood plains, and obstructions, and travel times for the passage of flow
through the basin.

. The drainage network is the collection and connection of the swales, gullies,
streams, and valleys which drain the land. The finer the network, the faster
the runoff enters a stream, and the more rapid the collection and conveyance
of water.

. Flow capacities affect the passage of flow through the watershed. Streams
are usually more efficient at passing flow (i.e., flow at high velocities) but
their capacity is limited due to the size of the channel. Excessive flows or
velocities in the channel may also cause accelerated erosion. At high flows,
the flood plains must pass a portion of the flow, and flood damages
frequently result. Flood plains, although generally much greater than
channels in size, are less efficient in passing flow, in that velocities are much
slower. Obstructions such as bridges and culverts may restrict the flow
capacity of a channel, or of a flood plain. An example of this is a road
embankment, which elevates the road above the surrounding ground in the
vicinity of a bridge or culvert. In this situation, the flood plain flow may be
forced back into the channel so as to pass through the bridge or culvert. The
typical results are higher velocities, raised flood levels, and greater potential
for scour and accelerated erosion at the bridge.

. Travel times are a measure of the ability of channels and flood plains to
convey flow. Short travel times imply short distances, or large or more



efficient channels and flood plains. Efficiency is not always beneficial in
preventing or reducing flood damages, however. The greater velocities
present in more efficient channels and flood plains may also present a
greater risk of erosion, property damage, and possible loss of life. In
addition, making a channel more efficient may only serve to exacerbate
flooding conditions in more downstream areas.

The combination of the basin's hydraulic characteristics can be expressed as the
response time of the basin. The shorter the response time of a basin, the greater is the
number of storms which affect the entire basin. The greater the number of storms which
affect the entire basin, the more frequent and greater is the susceptibility to flooding in the
basin. One of the usual results of development is a decrease in the response time. And,
while a single development may have a seemingly insignificant impact on the response
time, or runoff flows, or other hydrologic results, the cumulative impact of several
developments may be dramatic.

Hvdrologic Description

The Flaugherty Run watershed can be divided into four (4) relatively distinct parts:

. upper Flaugherty Run basin (upstream of confluence with Boggs Run),

Boggs Run;

Spring Run; and
. lower Flaugherty Run basin.

These areas are shown on Figure 4-1, the Major Basins Map. The Boggs Run basin
(3.15 square miles) is approximately the same size as, and is hydrologically and
hydraulically similar to, the upper Flaugherty Run basin (3.88 square miles). These two
streams funnel flows into the lower Flaugherty Run basin. The lack of stormwater controls
or the use of inappropriate controls in these upper basins may significantly impact the
areas downstream of their confluence. As will be described later, runoff flows from the
upper Flaugherty Run and Boggs Run basins peak at about the same time under a
basin-wide, uniform storm event, a not uncommon occurrence due to the relatively small
size of the entire watershed. This occurrence can be seen on the Runoff Impact Map,
Figure 4-2, which shows how runoff hydrographs combine at selected locations in the
watershed. Flaugherty Run downstream of the confluence becomes a bottleneck for the
upstream flows, and therefore may dictate the level of controls necessary in the upper
basins to prevent increased flooding downstream.
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Flood History

Flaugherty Run does not have a stream flow gage which would aid in identifying
past floods. Consequently, precipitation records at the National Weather Service Station
at the Pittsburgh International Airport were used to identify large storms. A summary of the
available storm information is presented in Table 4.1. Additional information is provided
in the following paragraphs.

Table 4.1
MAJOR RECENT STORMS IN THE FLAUGHERTY RUN WATERSHED
Year Date(s) Rainfall (inches)
1972 June 20 - June 24 4.14*
September 12 -  September 13 2.50
1973 May 24 2.31
October 28 - October 29 2.18
1974 May 11 - May 12 2.13
1975 February 23 - February 24 2.75
July 8 - July 9 2.40
September23 -  September 24 2.26
1978 December 8 - December 9 2.00
1980 May 12 - May 13 2.38
July 8 2.27
May 1 - May 2 1.95
November 3 - November 4 3.30
November 15 -  November 16 1.97
1986 June 5 - June 6 2.83
July 8 - July 9 2.55
1987 June 20 2.96
August 4 - August 5 2.88
1989 June 20 - June 21 1.99
1990 December 30 2.76
1991 June 30 2.18
1992 August 27 - August 28 2.31
1993 April 25 - April 26 1.89
1993 November 13 - November 14 1.98
1994 August 2 212
1995 July 17 212

SOURCE:

Tropical Storm "Agnes" - measured at the NWS raingage at the Federal

Building, Pittsburgh.

NWS Raingage, Greater Pittsburgh International Airport, Local Climatological

Data, NOAA, except as noted.
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Flood Hazard and Stormwater Problem Areas

The areas of past flooding, due to high stream flows or runoff flows, are shown on
the Areas of Past Flooding Map, Figure 4-3. These areas were identified by municipal
officials and residents during the field reconnaissance. Table 4.2 presents pertinent
information on the history of past floods at these areas. Flooding caused by high stream
flows has occurred at sporadic locations in the watershed. Stream bank erosion has
occurred at several sites along Flaugherty Run and Spring Run, and may constitute the
most common problem caused by flood flows. Evidence of past attempts to remedy
stream bank erosion using concrete rubble and/or rock were observed at several locations.
These attempts appear to be largely ineffective, due in part to the absence of an
engineered filter for the large rubble.

Table 4.2

SUMMARY OF PAST FLOODING

Date or
Frequency
Location Flooding Source of Occurrence Extent of Flooding
The Flaugherty House Flaugherty Run Frequent Lawn flooding
Residences Along Spring Run Annually Stream bank
Spring Run Road erosion, clogging
of culverts
Residence Flaugherty Run  Once (June 1972) Basement
flooding
Residence Flaugherty Run Frequent Lawn flooding

Flood Insurance Mapping. Flood insurance studies have been prepared for the
Townships of Crescent, Moon, Findlay, and Hopewell (References 13, 14, 15, and 16).
Flaugherty Run was not studied in detail for any of these townships. The Ohio River
produces significant backwater effects on Flaugherty Run, as shown on Figure 4-4, the
Flood Boundary and Floodway Map for Crescent Township. The absence of Flaugherty
Run in these studies indicates that, at the time of their preparation (late 1970's), flooding
along the stream was considered not to be of significance.

Flood-Prone Mapping. The flood-prone maps for the Ambridge and Aliquippa
quadrangles (References 17 and 18) show only minor areas of flooding in the Flaugherty
Run watershed for the 100-year event. The Flood-Prone Area Map, Figure 4-5, presents
the flood-prone areas in the Flaugherty Run watershed, based on the flood-prone maps.
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Summary. As late as the mid-to-late 1970's, flooding was apparently considered
to be not significant in the Flaugherty Run watershed. Flood hazard and stormwater
problem areas identified by local authorities and residents in this study are scattered along
the main stems of Flaugherty Run and Boggs Run, in general agreement with the areas
shown on the flood-prone area mapping. Consequently, flooding problems in the basin are
still relatively minor. Recent development in the watershed, spurred in part by the
Pittsburgh International Airport, is currently managed by restricting post-development
peak flows to be no greater than pre-development peak flows. As will be described in a
subsequent section, this approach may actually exacerbate downstream flooding
conditions. The implementation of a watershed-wide stormwater management plan is,
therefore, of significance to the prevention of increased flood damages.

Stream Obstructions

Obstructions to flow are commonly created by bridges, culverts, excessive flood
plain development, and accumulation of sediments and debris. Stormwater management
facilities may also be obstructions if they are inadequate to control flows. In the Flaugherty
Run watershed, bridges and culverts make up the bulk of the obstructions (see the
Obstruction Map, Figure 4-6). There is also one small dam situated on Flaugherty Run,
near its headwaters (obstruction #13). The dam appears to be privately-owned, and may
be used for general recreational purposes, as there is no development in the area. A
listing of the obstructions in the watershed is given in Appendix B. A listing of the more
significant obstructions is provided in Table 4.3. It is noted that there are numerous
private, residential driveway bridges and culverts in the watershed, especially along
Spring Run, and the lower reaches of Flaugherty Run also contain several significant
obstructions (see Figure 4-6). These latter obstructions are of particular significance as
they occur below the confluence of Boggs Run with upper Flaugherty Run, the hydrologic
importance of which has been discussed in previous sections. In general, any structure
or embankment which reduces either the flow area or the efficiency of the channel or flood
plain can cause increased flooding. Stormwater planning, therefore, must take into
account the presence of existing obstructions, and proposed obstructions must take into
account stormwater management to minimize their impact. Current PaDEP permitting
requirements ("Dams and Encroachments Act") mandate consistency with stormwater
management plans. An on-going maintenance plan, consistent with PennDOT and PaDEP
regulations and procedures, would reduce the effect of sediment and debris at the
obstruction sites.

Description. The list of obstructions given in Appendix B consist primarily of bridges
and culverts. No significant obstructions due solely to sediments or debris were identified
during the site visits. These materials were, however, observed at several bridges and
culverts. In addition, incidental and/or deliberate accumulations of trash and other debris
were also observed.
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Table 4.3

LISTING OF SIGNIFICANT OBSTRUCTIONS

Obstruction Number Description Municipality
3,4 Flaugherty Run Road on Flaugherty Run Moon
5 Broadhead Road on Flaugherty Run Moon
26, 27, 28 Spring Run Road on Spring Run Crescent
20-25, 29-30 Private Residence Driveways on Spring Run Crescent

Obstruction Numbers are keyed to Figure 4-6, the Obstruction Map.

Most of the recent development has occurred on the ridges, where flows are being
concentrated sooner and prior to reaching Flaugherty Run, Boggs Run or Spring Run. The
hillsides are steep and wooded, with soils classified as moderately erodible (References
1 and 2). The potential for the occurrence of debris and sediments at obstructions in the
watershed is therefore considered to be high.

Evaluation and Analysis. Measurements were taken of each obstruction listed in
Appendix B, and hydraulic analyses were performed to estimate the approximate flow
capacity of the obstruction, and the maximum flow capacity prior to overtopping of the road
or obstruction. This information is presented in Appendix B.

A significant number of the obstructions were found to have flow capacities on the
order of the 10-year event, based on the hydrologic modelling performed. The effects of
sediments or debris were not specifically analyzed where these deposits were present at
the structures, unless it appeared that maintenance was minimal or absent. Critical
obstructions or areas of obstructions are noted in Table 4.3. These obstructions present
inordinate flow constrictions or restrictions, and may be appropriate for further study to
lessen their effects.

Stormwater Management Facilities

The effects of existing and proposed stormwater management facilities were
investigated with the assistance of township officials. Where appropriate, these facilities
were incorporated into the technical analyses of this plan.

Existing Stormwater Management Facilities. Stormwater management for recent
developments in the Flaugherty Run watershed has generally followed the "no increase
above existing conditions peak flows" philosophy. The 25-year storm is currently being
used in the watershed as the upper limit for storm events to be evaluated under this
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management philosophy. As will be discussed in subsequent sections, this philosophy can
lead to increased flood flows and increased flood damages in downstream areas.

There are seven existing or proposed and approved developments with stormwater
management (SWM) facilities in the watershed; five are located in Moon Township, and
one each is located in Crescent and Hopewell Townships. The locations are shown on the
Stormwater Management Facilities Map, Figure 4-7. The SWM facilities typically consist
of ponds, although rock sumps and underground pipes are also being used at some
locations. Specific information on the SWM facilities is presented in Table 4.4. The SWM
facilities considered to have a significant impact on stormwater flows were included in the
hydrologic models. The developments in Moon Township are low-density residential. The
Shelbourne Plan is a proposed development which has an initial phase that has been
approved by Moon Township, and, therefore, this development's initial phase was included
in the existing conditions. The Sunrise Hill Estate Plan is currently under review by
Crescent Township, and has not been included in this plan.

Proposed Stormwater Management Facilities. Residential and commercial/industrial
developments were identified in a Moon Township Municipal Authority planning document
(Reference 10) as proposed for construction in the next 10 years. Each development
will be subject to the existing stormwater management regulations or those proposed
herein, and will, therefore, require stormwater management facilities.

Existing and Proposed Flood Control Facilities. There are no existing flood control
facilities (exclusive of the site stormwater management facilities) in the Flaugherty Run
watershed. The PaDER completed the construction of a channel improvement and
stabilization project on Flaugherty Run in 1985. The purposes of the project were to
increase the channel's flow capacity and to stabilize an eroded bank to alleviate flood
damages to adjacent residences. Additional information is provided in Appendix C. This
project provides only localized flood control. No other flood projects in the watershed are
known to exist or are known to be planned by either the U.S. Army Corps of Engineers
(Pittsburgh District), the PaDEP, or the Soil Conservation Districts.

Storm Sewer Systems

Storm sewer systems are required improvements for developments within the
Flaugherty Run watershed as stipulated in the ordinances for all townships.

Existing Storm Sewers. Storm sewers exist for each development in the watershed,
including those listed in Table 4.4, and for road drainage. Approximately 10 percent of the
watershed is currently drained by storm sewers. The design storm for storm sewers is the
25-year in Moon Township. Crescent Township does not establish a minimum design
storm
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Table 4.4

SUMMARY OF STORMWATER MANAGEMENT FACILITIES

Area Number Type Operational
Name of Type of Controlled of of Management  Maintenance
Development  Location Development (acres) Eacilities Facilities Procedure Responsibility
Whispering Moon low-density 51 1 pond match
Woods residential 14 rock sumps pre-existing
flows to
25-year
Broad Hill Moon low-density 102 5 ponds match
Farms and residential pre-existing
Broad Hill flows to
Farm Courts 25-year
Heldon Moon low-density 24 1 pond match
Estates residential pre-existing
flows to
25-year
Shelbourne Moon low-density 4.4 1 pond match
Plan* residential pre-existing
flows to
25-year
Hopewell Hopewell industrial 3.9 1 pond match
Business and pre-existing
Industrial Park flows to
25-year
Heritage Hills Moon low-density -- 1 pond match
residential pre-existing
flows to
25-year
Sunrise Hill Crescent low-density 32+ 3 ponds match
Estates™* residential pre-existing
flows to
25-year

*

ke

Projected Future Storm_ Sewers.

Proposed and approved -- included under existing conditions.

Proposed only -- not included under existing conditions.

Proposed development will be required to
construct storm sewers. ltis projected that approximately an additional 13 percent of the
watershed will be drained by storm sewers within the next 10 years.

Financing Construction. New storm sewer systems and stormwater management

facilities would be constructed by and paid for by the developer/owner.
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projected development is private, and therefore private developers would finance the
construction with minimal or no capital costs incurred by municipalities.

Operation and Maintenance. The operation and maintenance responsibilities for
storm sewer systems and stormwater management are currently split between the
municipalities and the owners. Currently, the municipalities generally accept responsibility
once the construction is complete, and is accepted/or approved by the municipality.
Crescent Township generally accepts storm sewers, but to date has never accepted a
stormwater retention facility, and currently does not plan to do so. The ability of an owner,
homeowner's association, or other private entity to assume operation and maintenance
responsibilities should be evaluated carefully, in light of changes in ownership or
membership of the entity. The advantages of a municipality assuming responsibility
include continuity of ownership and a trained work force. The municipality also has a
vested interest in the areas downstream of a SWM facility, whereas a private entity's
interests typically end at the property line.

91503-s4 .klf/cwi9
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5.0 WATERSHED TECHNICAL ANALYSES AND MODELLING

Introduction

To evaluate the need for managing stormwater from future developments, it was
necessary to create a hydrologic model of the watershed. The hydrologic model predicted
flood flows and volumes for specified storms, which were used to evaluate the existing
runoff conditions, and the potential impacts of projected development. Determinations
were then made of the adverse impacts due to uncontrolled or inappropriately controlled
development, and of the need and benefits of a coordinated, watershed-wide stormwater
management system. Given the need and benefits of a watershed-wide stormwater
management system, an evaluation of recommended strategies to achieve effective and
practical management can be made.

This section describes the hydrologic model selection, the data collection and
preparation, and the technical analyses performed. The modelling results are presented
in Section 6. Discussion of the proposed stormwater management procedure can be found
in Section 7.

Model Selection

The purpose of the hydrologic model is to assist in the development of a practical
and effective stormwater management plan for the Flaugherty Run watershed. The Penn
State Runoff Model (PSRM) was selected for use in the Flaugherty Run study for the
following reasons.

. The PSRM can perform standard hydrologic modelling, and can be used to
track and analyze the peak flows, runoff volumes, and the timing of various
runoff flows as they travel through the watershed. This capability can
determine not only the effects of upstream basins on downstream areas, but
can also be used to identify appropriate management policies and to
evaluate specific management strategies.

. The PSRM has been used in the preparation of several Act 167 stormwater
management plans in Allegheny County and in Pennsylvania, including the
plan for the adjacent Montour Run watershed. The model is, therefore,
familiar to the County of Allegheny, Department of Economic Development
and to some of the involved municipalities.

. Data collection, preparation, and model set-up for the PSRM are relatively
straight-forward, and the procedures in the PSRM are also similar to the Soil
Conservation Service (SCS) methods currently used in standard engineering
design for stormwater management.

The 1993 version of the PSRM software program was used in this study.
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Modelling Methodology

The PSRM software was used to develop hydrologic models of "Existing Conditions"
and of "Projected Future Conditions." The models were used to simulate six design
storms, ranging from the 2-year storm to the 100-year storm.

Existing Conditions. The existing conditions model served as the baseline for the
technical development of the watershed-wide stormwater management plan. The flow
contributions of individual basins within the watershed were computed, and used to
evaluate various management policies. The existing conditions model was based on
information provided by Allegheny County and the municipalities, and from several site
visits conducted during the summer of 1994. Spot checking of the GIS land use data was
performed in July-August 1994. Obstructions were identified and described, and
computations were performed to predict the hydraulic capacities (see Appendix B).
Existing stormwater management facilities and facilities under construction, using design
and as-built information obtained from the townships, were included as appropriate in the
existing conditions model.

Future Projected Conditions. The projected future conditions model served to
simulate potential hydrologic conditions in 2005 (10 years ahead). The projected future
development was estimated from discussions with township and county officials, available
zoning, water, and sewerage information, published planning documents, and information
provided by the Southwest Pennsylvania Regional Planning Commission (SPRPC). The
resulting model represents "reasonably-expected development,” and is not a "worst-case"
condition. The projected future conditions model incorporates the current stormwater
management philosophy in the watershed of "no increase in peak flows from the site." The
results of the projected future conditions model were then compared to those of the
existing conditions model to better quantify the impacts of development and to permit an
evaluation of the need for stormwater management.

General Model Development. Development of the PSRM models generally followed
the steps listed below.

. Initial meetings with county and township officials, to obtain information on
existing policies, facilities, flooding problems;

. A series of site visits, to analyze information obtained from the officials,
conduct the obstruction survey, spot-check data, and collect additional data;

. Data analyses and evaluation, to prepare the information in a form for use
in the PSRM;

. Selection of design storms for use in the hydrologic analyses, and for
subsequent use in developing the proposed stormwater management
procedure;
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. Running the preliminary existing conditions model for each of the design

storms;

. Calibrating the existing conditions model to available flood history
information;

. Finalizing the existing conditions models;

. Obtaining projected future development data and running the projected

future conditions model; and

. Comparing the results of the existing conditions and projected future
conditions modelling.

Detailed descriptions are provided in the following sections.

Basic Data Requirements

The PSRM requires data which characterizes the hydrologic conditions of the
watershed. The data is used not only to develop the model, but also to calibrate the model
to predict past flood flows and conditions. This data includes physical characteristics
(drainage network, drainage areas, land use, soils, slopes, and lengths); storm
characteristics (amount, duration, and distribution of the rainfall); hydraulic information
(channel capacities, obstruction capacities, travel times, channel and flood plain
conveyance parameters); existing SWM facilities (type, area controlled, control procedure
and philosophy); and flood history (flows, flood levels, and damage).

Physical Characteristics. Physical watershed characteristics describe the watershed
in terms that the PSRM computer model can interpret. Each characteristic describes a
specific aspect of the watershed, and affects the formation, collection, and movement of
runoff through the watershed

. Drainage Network. The drainage network is a representation of how
drainage occurs in the watershed. A watershed is composed of a series of
channels or streams, each draining a specific area or basin. How the basins
are connected is defined by the network, in a form that the model can
interpret. A simplified version of the Flaugherty Run watershed drainage
network is shown on the Simplified Watershed Network, Figure 5-1, which
is based on the Major Basins Map, Figure 4-1. Figure 5-1 shows the upper
Flaugherty Run basin ("1") and the Boggs Run basin ("2") meeting at
basin "3", where the flows are added. The combined flows are then passed
through the lower Flaugherty Run basin ("4"). The Spring Run basin ("5")
combines with the lower Flaugherty Run basin at basin "6", which discharges
to the Ohio River.
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An initial drainage network was formulated following the municipal start-up meetings,
based on the stream drainage. Revisions were subsequently made to the network to
reflect the information collected, including the existing and the proposed and approved
SWM facilities, flood damage areas, and obstructions.

Land Use Data. The Allegheny County GIS database was accessed to obtain
recent (1992) land use data. This data was classified to one of 14 land use
categories for each basin in the drainage network. The USGS topographic quadrangles
were used to determine land uses in the Beaver County portion of the watershed. This
data was used with information on the soils and the impervious surface fraction to
determine the runoff characteristics of the land.

Soils _and Hydrologic _Soil Groups. Soils information was obtained from the
Allegheny County GIS and the Soil Surveys for Allegheny County and Beaver County
(References 1 and 2). The soil types were correlated with the Hydrologic Soil Group (HSG,
Reference 19), which describes the minimum infiltration capacity of the soil. The majority
(greater than 60 percent) of the watershed is comprised of soils classified as HSG "C",
which have low infiltration rates and a moderately high runoff potential when
thoroughly wetted (see the Hydrologic Soil Groups Map, Figure 5-2). The remainder of
the watershed is characterized by HSG "B" soils on the ridges (10 percent), and HSG "D"
soils in the stream valleys (30 percent).

Impervious Fraction. The impervious fraction refers to that portion of the
"developed" watershed that is covered by impervious surface (paving, buildings, ...). The
"developed" portion of the watershed is defined here as all land uses which contain
impervious surfaces. Developed areas, therefore, include residential, commercial, and
industrial areas, transportation corridors, and water bodies. The percent impervious
fraction typically associated with these land uses, and shown in Table 5.1, was obtained
from the SCS TR-55 (Reference 19). The importance of the impervious fraction lies in the
modelling procedures used in the PSRM, in which runoff from "pervious" and "impervious"
areas is computed separately (Reference 20).

Antecedent Moisture Condition. This parameter describes the moisture conditions
of the soils prior to the storm event. Antecedent Moisture Condition (AMC) |l was adopted
for use in this study. AMC Il is correlated to an average value for annual floods, and has
soil moisture conditions reflective of between 0.5-1.1 inches of rainfall occurring in a 5-day
period preceding the storm during the dormant season, and 1.4-2.1 inches of rainfall for
the same period during the growing season (Reference 21, Schwab, et al., p. 106).

Hydrologic Condition. The hydrologic condition is an indication of the quality of the
land cover, and is usually associated with vegetative land covers. Good hydrologic
conditions imply dense, well-established stands of vegetation and ground cover, including
vegetative litter. Poor hydrologic conditions would be characterized by scattered patches
of vegetation and/or no vegetative litter. Factors used to estimate the hydrologic condition
are canopy density, density and quality of vegetative ground cover, amount of vegetative
litter, seasonality of the vegetation, vegetative layers (presence of trees, brush, grasses),
and surface roughness. The hydrologic conditions were evaluated during the site visits for

5-5 @@l

(wm)






LEGEND
HYDROLOGIC SOIL GROUPS (HSG)

BB e ow
] mse e

Imo __O__

\\ HSG "D"

o NN

SR

FIGURE 5-2

HYDROLOGIC SOIL GROUPS
MAP

FLAUGHERTY RUN
WATERSHED

ALLEGHENY COUNTY GIS DATABASE STORMWATER

MANAGEMENT PLAN

REFERENCE:
2000' Q 2000

SOIL SURVEY OF BEAVER AND LAWRENCE COUNTIES,

: _ =
/s// SCALE: 1" = 2000' PENNSYLVANIA-APRIL 1982, SHEETS 85 & 89 @&@

GAl DRAWING NO. 1503B013.DGN i CONSULTANTS
570 Beatty Road, Monroeville, PA 15146  412/856-6400

\







Table 5.1

IMPERVIOUS FRACTION AND HYDROLOGIC CONDITION BY LAND USE

Impervious Hydrologic

Land Use Fraction (%) Condition
Water 100 N/A
Transportation 85 N/A
Forest 0 Good
Grassland/Open Space 0 Good
Agricultural/Pasture 0 Good
Low Density Residential 20 N/A
Medium Density Residential 30 N/A
High Density Residential 65 N/A
Malls 85 N/A
Commercial 85 N/A
Industrial 72 N/A
Heavy Industrial 72 N/A
Strip Mine 0 N/A
Non-Vegetated 0 N/A

N/A - Not Applicable

the major stream basins. For the purposes of this study, good hydrologic conditions were
determined to exist throughout the watershed, although lower levels may be found at
specific locations.

SCS Curve Number. The Curve Number (CN) is a quantitative description of the
average runoff condition of an area, given the land use, hydrologic condition or quality of
the land use, hydrologic soil group, antecedent moisture condition, and the impervious
fraction. The CN can vary from a value of 0 (no runoff, all infiltration) to 100 (all runoff, no
infiltration), but the usual range is 60 to 98. The PSRM computes runoff from pervious
areas and from impervious areas separately. Therefore, a CN applicable to each condition
was estimated. A curve number of 95 is assigned to all impervious areas in both the
existing and the projected future conditions modelling. For the Flaugherty Run watershed,
the CN varied from 70 for wooded areas in good hydrologic conditions to 98 for completely
paved areas. A summary of the CNs by land use is given in Table 5.2.
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Table 5.2

CURVE NUMBER BY LAND USE

Land Use Curve Number
Water 100
Transportation 98
Forest 70
Grassland/Open Space 73
Agricultural/Pasture 78
Low Density Residential 79
Medium Density Residential 81
High Density Residential 90
Malls 96
Commercial 94
Industrial 91
Heavy Industrial 91
Strip Mine 91
Non-Vegetated 91

A decrease in the curve number occasionally occurs under projected future
conditions compared to the existing conditions. This decrease is due to the projected
development occurring in the more natural (woods and meadows) areas of the basins. The
impervious fraction of these basins may also increase significantly.

Design Storm Parameters. Six design storms were selected to evaluate the range
of floods for the stormwater modelling. The storms analyzed were the 2-year, 5-year,
10-year, 25-year, 50-year, and 100-year. These storms cover a wide range of potential
flood conditions, ranging from an approximate "channel flowing-full" condition (2-year
storm) to the regulatory flood plain management criterion (100-year storm). Design storm
conditions for these events have been established by the Soil Conservation Service (SCS,
now the Natural Resources Conservation Service), with the SCS Type II, 24-hour storm
applicable to southwestern Pennsylvania. This storm type is commonly used in
engineering practice for stormwater analyses and design, and the 24-hour duration is the
standard for most of the hydrologic software packages in use. The precipitation amounts
associated with these storms are presented in Table 5.3. These precipitation values are
also consistent with those contained in the current Moon Township and Findlay Township
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Table 5.3

DESIGN STORM PRECIPITATION

Return Period 24-Hour Rainfall (inches)
2-Year 2.6
5-Year 3.3
10-Year 3.8
25-Year 4.4
50-Year 47
100-Year 5.0

stormwater ordinances. More recent precipitation data has been developed by the PaDEP
(Reference 22) with values differing slightly from the values presented in Table 5.3. For
consistency with existing township stormwater management plans, however, the values in
Table 5.3 were used in performing the stormwater management analyses in this plan.

Hydraulic Data and Analyses. The capacities of the various stream channels,
culverts, and bridges to convey storm flows were estimated using representative stream
cross sections obtained during the obstruction surveys. Manning's equation was used
to estimate flow capacities of the channels. The Federal Highway Administration's
"Hydraulic Design of Highway Culverts" (Reference 23) was used to estimate the
hydraulic capacities of the obstructions, which are presented in Appendix B. In
general, the flow capacities of the obstructions were significantly less than the flow
capacities of the stream channels. Table 5.4 presents a summary of the representative
flow capabilities at selected locations in the watershed.

Table 5.4

STREAM CHANNEL CAPACITIES

Bank Full Capacity

Channel Description cubic feet per second (cfs)
Flaugherty Run - Downstream of Boggs Run 950
Flaugherty Run - Upstream of Becks Run 800
Becks Run - Near Confluence with Flaugherty Run 350
Boggs Run - Near Confluence with Flaugherty Run 800
Boggs Run - 8000 Feet Upstream of Flaugherty Run 250
Spring Run - Near Confluence with Flaugherty Run 500

91503-s5.klif/cwi9
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6.0 PSRM MODELLING

Introduction

The PSRM hydrologic models for the Flaugherty Run watershed under existing
conditions and under projected future conditions were developed incorporating the
foregoing data and analyses, and the six design storm events were modelled. For each
basin, the models predicted the generation and the movement of the runoff flows
downstream.

Existing Condition PSRM

Table 6.1 presents the results of the PSRM calculations under existing conditions.
The peak runoff flows from the individual basins are presented in Table 6.1 under the
heading "Basin." This heading allows for the comparison of the relative flows occurring in
the basins. From the tables, it can be seen that basins "25", "33", "39", "41", and "54"
produce the greatest runoff flows. In general, due to the relative homogeneity of the
watershed, the flows are fairly proportional to basin drainage area. The computed ranges
of runoff flows/drainage area for the six design storm events are shown in Table 6.2 for
selected basins. The effects of urbanization on runoff flows can be seen in basin 60, which
contains the village of Glenwillard. The values of peak flow/area in basin 60 are several
times greater than the values for the other basins.

Table 6.1 also presents the cumulative peak flows at the outlet of selected basins
(column heading "Total"). For example, the total peak flow shown for Basin "2" is
computed as the greatest sum of the runoff flow from Basin "2" plus the upstream flow
from Basin "1". As one moves downstream in the watershed, the runoff hydrographs of
more basins would contribute to the cumulative flow. Thus, at Basin "60", the most
downstream basin, all 59 upstream basins plus Basin "60" contribute to the total flow.
The amount of flow that an upstream basin would actually contribute to the peak flow
of a downstream basin's total flow hydrograph is dependent upon the timing of the
individual basin and total flow hydrographs and the travel time between the basins. Flow
from an upstream basin takes a certain period of time to travel to the downstream basin.
Depending upon the length of this travel time, the flow from an upstream basin may occur
at the beginning, the middle, or at the end of the total flow hydrograph at the downstream
basin. This is shown pictorially on Figure 6-1 for a hypothetical watershed. Basins "A" and
"D" in Figure 6-1 contribute very little to the total peak flow: Basin "A" because its peak
flow occurs well before the time of the total peak flow, and Basin "D" because its peak flow
arrives well past the total peak flow. Only Basins "B" and "C" would contribute significantly
to the total peak flow. In the Flaugherty Run watershed, the individual runoff hydrographs
for most of the basins, especially in the upper Flaugherty Run and Boggs Run watersheds,
were determined to have significant overlap; i.e., to most closely resemble Basins "B" and
"C". This finding is attributed primarily to the small size and compact shape of the
watershed. The Spring Run watershed, on the other hand, would correspond to Basin "A".
This can be seen on Figure 4-2, the Runoff Impact Map.
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Table 6.1

EXISTING CONDITIONS - PEAK RUNOFF FLOWS
AND TOTAL FLOWS FROM THE INDIVIDUAL BASINS
(cubic feet per second)

Storm
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Basin Basin Total Basin Total Basin Total Basin Total Basin Total Basin Total
1 13 13 28 28 42 42 60 60 70 70 80 80
2 33 44 77 101 119 156 178 233 211 275 245 319
3 34 34 75 75 114 114 170 170 200 200 232 232
4 7 7 18 18 28 28 42 42 50 50 58 58
5 0 41 1 93 1 142 1 211 2 250 2 290
6 5 45 11 101 18 152 26 228 31 269 a7 309
7 0 88 1 199 1 297 1 425 2 496 2 566
8 27 14 46 19 62 28 83 45 93 53 104 60
9 15 114 37 247 59 368 92 527 110 609 129 690
10 26 19 46 27 64 38 87 55 100 75 113 95
11 38 38 71 71 100 100 141 141 162 162 185 185
12 0 55 1 95 1 130 1 186 2 219 2 267
13 21 72 45 133 68 182 100 254 118 291 138 343
14 26 26 51 51 76 76 110 110 129 129 148 148
15 0 96 1 182 1 244 1 324 2 367 2 421
16 27 115 56 224 84 304 124 385 146 446 170 498
17 0 226 1 467 1 666 1 919 2 1048 2 1179
18 17 235 32 488 46 688 67 944 79 1082 91 1215
19 48 48 87 87 122 122 173 173 200 200 230 230
20 18 18 43 43 67 67 101 101 120 120 140 140
21 0 63 1 124 1 183 1 268 2 314 2 363
22 29 89 73 184 117 264 181 368 217 427 255 481
23 0 317 1 663 1 942 1 1311 2 1499 2 1677
24 39 334 67 669 94 987 134 1364 156 1562 180 1748
25 81 81 127 127 169 169 230 230 264 264 300 300
26 16 94 41 187 67 216 106 291 129 340 1583 371
27 0 383 1 753 1 1005 1 1387 2 1587 2 1792
28 26 415 62 862 97 1199 146 1657 173 1889 202 2128
29 49 49 100 100 149 149 218 218 257 257 297 297
30 22 22 53 53 84 84 129 129 154 154 180 180
31 0 71 1 153 1 232 1 345 2 409 2 476
32 6 74 14 158 22 248 33 356 39 424 45 495
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Table 6.1 (Continued)

Storm
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Basin Basin Total Basin Total Basin Total Basin Total Basin Total Basin Total
33 42 42 106 106 170 170 264 264 317 317 372 372
34 0 115 1 255 1 391 1 565 2 665 2 769
35 4 117 11 264 17 402 27 581 32 681 37 788
36 42 42 85 85 128 128 190 190 224 224 261 261
37 0 149 1 330 1 495 1 713 2 831 2 954
38 26 165 49 361 71 536 103 771 121 896 139 1027
39 103 103 184 184 261 261 371 371 432 432 497 487
40 0 235 1 485 1 707 1 1008 2 1173 2 1347
41 37 267 88 556 140 808 216 1153 259 1342 306 1540
42 30 287 61 596 92 861 138 1225 163 1425 191 1635
43 0 699 1 1451 1 2042 1 2822 2 3222 2 3630
44 24 712 47 1475 69 2072 101 2859 118 3261 137 3671
45 9 7 17 15 24 22 34 30 39 31 44 33
46 38 741 81 1524 123 2134 181 2917 213 3336 247 3751
47 39 39 71 71 101 101 144 144 168 168 193 193
48 0 753 1 1543 1 2154 1 2956 2 3367 2 3779
49 7 3 11 6 15 13 19 18 21 20 23 22
50 13 12 21 19 27 26 36 34 41 39 46 43
51 0 14 1 25 1 38 1 52 2 58 2 65
52 9 2 15 2 19 2 26 2 29 3 32 3
53 0 15 1 27 1 39 1 54 2 61 2 68
54 68 803 144 1620 217 2244 318 3052 373 3477 433 3890
55 9 5 15 8 20 12 26 17 30 19 33 21
56 32 35 54 59 73 80 98 108 112 123 126 139
57 23 23 42 42 60 60 85 85 99 99 114 114
58 0 57 1 98 1 136 1 188 2 215 2 243
59 29 79 60 149 91 208 136 288 161 332 188 377
60 26 846 42 1683 54 2318 69 3135 77 3562 84 3995

Evaluation of the information presented in Table 6.1 allows for predicting the relative
significance of an upstream basin to a downstream basin. Table 6.3 presents, for selected
locations, a comparison of the Table 6.1 total peak flows (predicted by PSRM) with a
"peak" flow obtained by a direct addition of the peak flows applicable to each basin. The
differences in flow is due to the difference in timing between the runoff hydrographs from
the contributing basins.

6-3
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Table 6.2

SUMMARY OF PEAK RUNOFF FLOWS/AREA RATIOS
EXISTING CONDITIONS

(cubic feet per second per acre)

Storm
Basin 2-Year 5-Year 10-Year 25-Year 50-Year  100-Year
2 0.2 0.4 0.6 0.9 1.1 1.3
13 0.2 0.4 0.6 0.9 1.1 1.3
18 0.3 0.4 0.8 1.1 1.2 1.4
22 0.1 0.3 0.5 0.8 1.0 1.1
28 0.2 0.4 0.6 0.9 1.1 1.2
29 0.2 0.4 0.6 0.9 1.0 1.2
33 0.1 0.3 0.5 0.8 0.9 1.1
39 0.2 0.4 0.6 0.9 1.1 1.2
42 0.2 0.3 0.5 0.8 0.9 1.0
54 0.2 0.4 0.7 1.0 1.1 1.3
59 0.2 0.4 0.6 0.9 1.1 1.3
60 1.0 1.3 1.6 2.3 2.6 2.6
Table 6.3

SIGNIFICANCE OF TIMING - 10-YEAR STORM
EXISTING CONDITIONS AT SELECTED LOCATIONS

Predicted Sum of Individual
Total Basin Flow Contributory Peak Flows

Basin (cfs) (cfs)
Upper Flaugherty Run 987 1220
Boggs Run 861 1134
Confluence, Upper Flaugherty 2042 2687
Run and Boggs Run
Spring Run 208 243
Mouth of Flaugherty Run 2318 3557
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FIGURE 6-1

EXAMPLE BASIN HYDROGRAPH

20
15 . ~~—~ TRIBUTARY BASIN
HYDROGRAPHS
= ... PEAKIFLOW
O 4o LT AN TOTAL WATERSHED
o

/ \ HYDROGRAPH
S A //\}/\\ /C\\
AN BAC \\I/ oY
NI NN Y
) D R

Al LIS e e o oy
10 12 14 16 18 20
TIME

The times at which the peak flows from each upstream basin occur do not usually
coincide in downstream basins. Each basin hydrograph is delayed by differing amounts,
and thus the timing element is required to determine the actual contribution of upstream
basin runoff flows to downstream total flows. The significance of this timing element is
shown in Table 6.2. As can be seen for the 10-year storm, the PSRM-predicted actual
peak flow at the mouth of Flaugherty Run is 2,318 cfs, which accounts for the different
timing of the individual basin hydrographs. The total sum of the individual basin peak flows
would be 3,557 cfs. Without the consideration of timing, it can be seen how a gross
overestimate of the peak flows can be made.

Similarly, stormwater management without the consideration of timing can result in
gross underestimates of peak flows downstream. This occurs precisely because the timing
element in a stormwater management philosophy such as "no increase in peak flow from
the site" is ignored. This philosophy presumes that the proportion of a downstream basin's
peak flow is equal to a ratio of the individual basin peak flows.

The objective of Act 167 stormwater management is to preserve the effects of the
timing in the watershed, which will help maintain existing downstream peak flows, while still




allowing the generation of increased runoff volumes as would be created by development.
This is the basis for the concept of release rates, which is discussed in Section 7

Model Calibration and Validation

Limited data was available to calibrate the PSRM for existing conditions. Two
methods were used to provide reasonable validation of the PSRM analyses (see
Appendix F). In the first method, two high water marks, at the Flaugherty House and at a
residence near Boggs Run (see Figure 4.3) were identified by residents. The specific
events causing the flooding were not known, however. Therefore, the events were
assigned a range of probable return periods, and corresponding flow ranges from the
PSRM were determined. A flow estimate based on the hydraulic capacity of the channel
and flood plain at each location was then made. The flow estimates were compared to the
probable range of flows predicted by the PSRM, and reasonable agreement was obtained
at each site.

The second method used empirical equations developed by the Soil Conservation
Service (SCS), the U.S. Geological Survey, and the U.S. Army Corps of Engineers
(USACE). The equations developed by the U.S. Army Corps of Engineers were specifically
for streams in the Ohio River Basin, and use parameters different from the parameters in
the PSRM. The equations were applied at three locations: the mouth of Boggs Run,
Flaugherty Run just upstream of Boggs Run, and at the mouth of Flaugherty Run. The
USACE and USGS equation predicted lower flows, and the SCS equations predicted
higher flows than the PSRM flows. The variance in flows can be understood by the
absence of a significant watershed slope or timing factor in the USACE and USGS
equation. Considering all equation and methodologies, reasonable calibration of the
PSRM flows was obtained.

Projected Future Conditions

The results of the PSRM Modelling under the projected future conditions are
presented in Table 6.4. Column "Basin" in Table 6.4 presents the peak runoff flows for the
individual basins (similarto Table 6.1), and Column "Total" presents the peak total flows
for the outlet of each basin (similar to Table 6.1). Table 6.5 provides a direct comparison
of the predicted flood flows between existing conditions and projected future conditions.
Ratios of the total peak flows for selected basins are presented in Table 6.5. The peak
flows can be seen to increase from 10% (1.1) to 60% (1.6).

It is noted that the imposition of a "no increase in peak flows from a site above
existing peak flows" philosophy, as currently exists in the watershed, would also increase
the peak flood flows under projected future development conditions. This occurs because:

. Development generally produces a greater volume of runoff than existing
conditions, which, under the "no increase in peak flow" philosophy, is
discharged from a detention facility at or near the peak flow rate for an
extended period of time, and
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Table 6.4

PROJECTED FUTURE CONDITIONS - PEAK RUNOFF FLOWS

AND TOTAL FLOWS FROM THE INDIVIDUAL BASINS

(cubic feet per second)

Storm
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Basin  _Total  Basin Total Basin Total Basin Total Basin Total Basin Total
48 48 68 68 84 84 105 105 116 116 127 127
78 123 194 131 179 256 246 340 282 383 320 427
76 76 126 126 170 170 232 232 266 266 301 301
25 25 40 40 53 53 70 70 79 79 88 88
0 99 160 1 1 212 1 285 2 327 2 370
8 104 168 16 24 229 34 305 39 348 45 393
0 219 345 1 1 447 1 581 2 651 2 725
41 17 29 65 84 46 109 64 122 72 135 79
46 261 408 75 100 533 136 698 156 782 176 870
26 19 27 46 64 38 87 55 100 75 113 95
38 38 71 71 100 100 141 141 162 162 185 185
0 55 85 1 1 130 1 186 2 219 2 267
28 77 139 53 76 183 110 254 129 291 149 342
26 26 51 51 76 76 110 110 129 129 148 148
0 101 188 1 1 247 1 323 2 366 2 420
29 119 228 57 84 307 123 396 145 448 169 499
0 377 621 1 1 832 1 1088 2 1225 2 1360
17 386 637 32 46 852 67 1118 79 1249 91 1389
85 85 131 131 170 170 224 224 253 253 283 283
106 106 149 149 184 184 228 228 252 252 276 276
0 189 273 1 1 342 1 433 2 482 2 532
70 214 330 122 171 414 241 535 280 598 321 655
0 577 937 1 1 1248 1 1635 2 1836 2 2028
46 592 969 77 107 1292 149 1691 172 1901 197 2100
92 92 142 142 188 188 252 252 287 287 325 325
20 106 173 46 72 234 112 330 135 353 159 400
0 652 1097 1 1 1478 1 1961 2 2211 2 2464
26 670 1128 62 97 1522 146 2013 173 2253 202 2505
88 88 149 149 203 203 280 280 322 322 367 367
47 47 83 83 118 118 166 166 193 193 221 221
0 132 222 1 1 310 1 435 2 503 2 575
6-7
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Table 6.4 (Continued)

Storm
2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Basin. _Total ~ Basin Total  Basin Total Basin Total Basin Total Basin Total
6 132 234 14 22 325 33 448 39 514 45 584
92 92 162 162 230 230 328 328 383 383 441 441
0 212 353 1 1 478 1 659 2 757 2 863
4 210 360 11 17 491 27 678 32 780 37 886
75 75 126 126 172 172 238 238 274 274 312 312
0 270 443 1 1 601 1 823 2 947 2 1077
31 289 480 57 80 654 113 893 131 1024 150 1162
171 171 27 271 359 359 480 480 547 547 616 616
0 434 678 1 1 903 1 1214 2 1386 2 1568
51 468 753 102 154 1008 231 1363 274 1562 320 1771
38 487 786 68 98 1058 143 1439 168 1647 196 1864
0 1120 1834 1 1 2471 1 3283 2 3695 2 4104
24 1133 1857 47 69 2501 101 3319 118 3733 137 4146
9 7 15 17 24 22 34 30 39 31 44 33
38 1155 1907 81 123 2551 181 3376 213 3802 247 4236
39 39 71 71 101 101 144 144 168 168 193 193
0 1167 1924 1 1 2581 1 3412 2 3836 2 4256
7 3 6 11 15 13 19 18 21 20 23 22
13 12 19 21 27 26 36 34 41 39 46 43
0 14 25 1 1 38 1 52 2 58 2 65
9 2 2 15 19 2 26 2 29 3 32 3
0 15 27 1 1 39 1 54 2 61 2 68
68 1209 1999 144 217 2660 318 3509 373 3946 433 4377
9 5 8 15 20 12 26 17 30 19 33 21
32 35 59 54 73 80 a8 108 112 123 126 139
23 23 42 42 60 60 85 85 99 99 114 114
0 57 98 1 1 136 1 188 2 215 2 243
29 79 149 60 91 208 136 288 161 332 188 377
26 1251 2057 42 54 2734 69 3530 77 4027 84 4476
6-8
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Table 6.5

RATIO OF TOTAL PEAK FLOWS -
PROJECTED FUTURE CONDITIONS
TO EXISTING CONDITIONS FOR SELECTED BASINS

Storm
Basin 2-Year 5-Year 10-Year 25-Year 50-Year 100-Year
Confluence, 1.6 1.3 1.2 1.2 1.1 1.1
Upper Flaugherty Run
and Boggs Run
Mouth of Flaugherty Run 1.5 1.2 1.2 1.1 1.1 1.1
. The response time of the site or basin is shortened, increasing the likelihood

of coincident peak flows in downstream areas.

The shortened response time of an upstream basin can result in the peak flow from the
upstream basin arriving when the downstream basin's peak runoff flow occurs. The
lengthened period of time that the peak flow is maintained affects the existing timing of the
watershed because there is now a greater time period during which peak flows from
basins may coincide. A dramatic increase in flood flows, and consequently flood levels,
at downstream areas may result. Section 7 presents a more detailed presentation of this
phenomenon. For the Flaugherty Run watershed, this phenomenon has been evaluated
with the projected future development operating under this philosophy. Assuming a 1-hour
lengthened period centered around the existing condition peak, it is estimated that total
peak flows in several basins would approach the summed contributory peak flows as are
presented in Table 6.3. Consequently, it is concluded that there exists a definite benefit
to implementing stormwater management in the Flaugherty Run watershed based on the
watershed philosophy under Act 167.

91503-s6.kif/cwi9
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7.0 TECHNICAL STANDARDS AND CRITERIA
FOR CONTROL OF STORMWATER RUNOFF

Introduction

The development of a parcel of land is almost always accompanied by increases
in runoff volumes and runoff peak flows. These increases come about due to changes in
the land cover and in the drainage network. Development typically alters the land cover
from one that facilitates infiltration, evaporation, transpiration, and/or surface detention, to
a cover that tends to reduce these processes, and instead facilitates runoff and the
collection and concentration of flows. Vegetative surfaces are replaced with paving, gravel,
dirt or poorly vegetated areas, buildings, and an increased proportion of impervious
surfaces. Storm inlets and piping collect and concentrate the runoff flows, directing flows
to an outlet more quickly and, usually, more efficiently, than existing drainage paths. The
objective of site stormwater management is to manage storm runoff flows from a
development site in such a manner as to prevent flooding or flood-related problems at the
site. Stormwater management under Act 167 extends the consideration of potential
flooding to locations downstream of the site.

Stormwater Management

There are several philosophies on the management of stormwater. These range
from the complete absence of management, to various policies of managing runoff flows
and volumes. The adverse ramifications of the "no stormwater management" philosophy
is demonstrated in Figures 7-1 through 7-4. Figure 7-1 shows the situation resulting from
a development in Basin "A" without any stormwater management (SWM) controls. The
increase in the runoff volume manifests itself as an increase in the peak flow from the
development, and as a more rapid response (time for the peak flow to occur). Figure 7-2
shows how the hydrograph from Basin "A" would appear at a downstream location "B"
before the development. Figure 7-3 shows the effect of the hydrograph from the
developed site at the same downstream location. As can be seen, the absence of any
SWM controls greatly increases the peak flow seen at the downstream location. The
increased flow causes increased flood levels, and flood damages result.

Site-Oriented Stormwater Management

The site-specific "no increase from pre-development peak flows" philosophy of
SWM is the most common form found in non-Act 167 watersheds. The increased runoff
volume can be discharged from the site over an extended period of time at a rate of up to,
but not exceeding, the pre-development peak flow for a specified set of design storms. No
consideration is given to the impact of these flows beyond the boundaries of the site. The
consequences of this type of SWM controls are shown on Figures 7-4 and 7-5. The
increase in runoff volume and the shortened response time occasioned by the
development causes an extended period during which, at the outlet of the site, the peak
flow is maintained (see Figure 7-4 for Basin "A"). In the pre-development condition, the
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FIGURE 7-1
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FIGURE 7-3

HYDROGRAPHS © "B"

POST-DEVELOPMENT: NO SWM CONTROLS

20 ﬂ
15
~——— POST-DEVELOPMENT, "A"
; T ||B||
S 10 i
N ! TOTAL AT "B"
]
5 A\
I IAN
0 «” RN \'_‘5__ —
10 12 14 16 18 20
TIME
FIGURE 7-4
HYDROGRAPHS @ "A"
POST-DEVELOPMENT, WITH & WITHOUT SWM
20
15
———— PRE-DEVELOPMENT
= T POST-DEVELOPMENT,
3 UNCONTROLLED
S 1w
L POST-DEVELOPMENT,
T CONTROLLED
s N
!
1 J
/I
0 = = —
10 12 14 16 18 20
TIME




FIGURE 7-5
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time at which the Basin "A" peak flow occurred in Basin "B" is after the Basin "B" peak flow.
Under the post-development condition, however, the shortened response time of Basin "A"
causes the peak flow to occur at nearly the same time as the Basin "B" peak flow. As a
result, the total peak at the downstream location in Basin "B" is increased as shown in
Figure 7-5. This SWM philosophy is, therefore, inappropriate toward preventing an
increase in flood damages in downstream areas. Site-oriented stormwater
management can worsen flood conditions at downstream locations. The objective,
therefore, is to develop SWM controls that manage both the rate of flow and its timing, to
prevent an increase in downstream flows.

Watershed-Oriented Stormwater Management

A more appropriate stormwater management philosophy would take into account
the time differences of the individual runoff hydrographs that currently exist in the
watershed. This can be accomplished by determining the proportion of flow that each
upstream basin contributes to the total peak flow of a downstream basin. This can be
visualized by plotting, for a selected location, the total flow hydrograph and its individual
component basin hydrographs on a single plot. The sum of the individual hydrographs will
give the total flow hydrograph. At the time at which the peak flow of the total hydrograph
occurs, the corresponding individual basin flows can be read off the plot. These flows
would be the runoff contribution of each upstream basin to the total peak at that
downstream location. These flow contributions would be no greater, and would likely be
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less than the individual basin peak flows. Figure 7-2 can be used to obtain the Basin "A"
flow contribution to the peak flow at "B." From Figure 7-2, the Basin "A" flow contribution
to the total peak flow at Basin "B" is approximately 5.5. Dividing each basin's flow
contribution to a downstream location by that basin's peak runoff flow would yield the
proportion of that basin's peak flow which would maintain a no-increase in total peak flow
at the downstream location. The proportion of flow calculated for each basin is commonly
termed that basin's "Release Rate."

Mathematically, the Release Rate can be expressed as:

R= vet .Tp x 100%
Qpi
where RR = Release Rate
Qi = Runoff flow from an upstream Basin "i"
Qi@t=Tp = Qi corresponding to the time at which the total
peak flow occurs at a downstream location
Qpi = Peak runoff flow from Basin "i"

Dividing the Basin "A" flow contribution of 5.5 by the Basin "A" peak flow of 6.4 (from
Figure 7-1) yields a Release Rate of 0.86, or 86 percent.

The Release Rate is, therefore, a percentage of the pre-development peak runoff
flow from a basin, or a development site. The Release Rates determined by this study
would allow computation of the maximum discharge flow from that basin or site which
achieves the intent of Act 167 -- no increase in downstream flooding. In effect, the release
rate increases the time period during which the excess runoff volume is discharged from
a site. The increased runoff volume created by the land development is managed by
controlling its rate of release from the development. The duration of the total peak flow at
the downstream location may be lengthened, but the peak flow would not increase. This
is indicated in Figure 7-6, which shows the total flow hydrographs at the downstream
location under pre-development and post-development conditions. It is noted that an
increase in the length of the total peak flow duration may cause increased flood or
flood-related problems, and, therefore, this may also require investigation. These types
of flood-related problems are generally beyond the purview of a site developer, however.

Each basin has a release rate for every downstream basin. Therefore, the approach
just described would be repeated for every downstream basin. At some point, however,
the contribution of an upstream basin to the total peak flow of a downstream basin
becomes insignificant. The most upstream basin, for example, contributes only 3 percent
(77 cubic feet per second, cfs) of the total 10-year storm peak flow of 2318 cfs at the
mouth of Flaugherty Run. Imposing a release rate on the upstream basin based solely on
the impacts at the mouth is unreasonable, since the former contributes so little to the
latter’s total peak flow. Therefore, a minimum flow level is generally established, based on
the ratio of a basin's runoff flow contribution to a downstream area's total peak flow, below
which the basin's runoff is considered to have an insignificant effect on the downstream
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FIGURE 7-6
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basin. An investigation was, therefore, made to evaluate the computed release rates,
taking into account the contributions of the basin to the peak flow downstream.

Procedure to Develop Release Rates

A multi-step procedure was used to develop the Release Rates for the Flaugherty
Run watershed. The procedure consisted of a basin analysis, utilizing the basins in the
PSRM, and leading to a regional analysis, utilizing collections of basins, or regions. In the
first step, the release rate of each basin was calculated at every downstream basin for the
10-year and 100-year storms. The 10-year storm was selected to represent the level of
storm at which significant flood plain flows may be expected to occur, and the 100-year
storm was used for consistency with flood plain management criteria. The portion of each
basin's flow contribution to every downstream basin's total peak flow was then computed.

Upon inspection of the computed results, a 10 percent contribution level was judged
to be a reasonable lower limit to establish the appropriate release rates. In other words,
where a basin's flow contribution to the downstream total peak flow was less than
10 percent, a release rate computation was not used. The reasons for this judgment are:

. It was noted that in several cases, the release rate did not significantly
change beyond a certain downstream point. This indicates that an upstream




basin may establish its timing position in the total watershed hydrograph at
a point well upstream of the watershed outlet.

. In the majority of the remaining cases, the timing of the upstream basin
placed its flow hydrograph either well before or well after the total watershed
hydrograph. This would correspond to hydrographs "A" and "D" in
Figure 6-1. The computed release rates were extremely low, 50 percent or
less. (In previous Act 167 studies [References 24 and 25], a 50 percent
release rate level was found to be a reasonable lower limit for release rates.)

. The 10 percent flow contribution was considered a sufficiently low level as
to result in minimal impacts.

Therefore, where the proportion of the upstream basin's flow contribution to the
downstream total peak flow was less than 10 percent, the release rate calculation was
neglected. The minimum of the remaining computed release rates of each basin for each
storm was then adopted to be evaluated in the second step.

Basin Analysis for SWM Using Release Rates

The lower of the two release rates presented for the individual basins would be the
basin release rate. Release rates computed for a basin whose flow contribution to a
downstream peak flow is less than 10 percent were assigned a Release Rate of 100.

Redional Analysis for SWM Using Release Rates

Upon inspection of the results of the basin analysis, it was noted that some
disparities existed, and low release rates were still computed for several basins. It was
also noted that a simpler plan would result if the basins could be combined, so as to
reduce the number of basins to consider. A regional analysis was then performed to
minimize the disparities and low release rates. Collections of basins, called "regions," were
set up based on the watershed's drainage network, with each region producing
approximately 10 percent of the total peak flow at the Ohio River. The regions are shown
on Figure 7-7, and are identified by the most downstream basin in each region

Following the same computational procedure used in the first step, except with the
region flows instead of the basin flows, the release rates were recalculated. A summary
of the regionalized release rates is presented in Table 7.1. Included in Table 7.1 are the
ranges of release rates for the individual basins comprising each regional basin. Some
discrepancies may be noted due to the lumping of individual basins in the regions, in which
the basins have differing timing characteristics.

Table 7.2 presents the results of the initial step of this regional analysis. The
release rates for the 10-year and 100-year storm events are based on the values
presented in Table 7 1, using a composite of the regional values and the individual basin
ranges for the regions. The regional release rate from Table 7.1 is presented where it is
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