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DUFFS RUN

STORMWATER MANAGEMENT REPORT

INTRODUCTION

This report presents the results of a study of the runoff and flooding
characteristics of the Duffs Run watershed in the Municipality of Penn
Hills, Allegheny County. The entire watershed area of some 513 acres,
from the intersection of Rodi and Frankstown Roads south to the Penn
Lincoln Parkway, was first analyzed to determine runoff generation
factors. A thorough examination of hydraulic structures and local
flooding was then completed along the mainstream of Duffs Run, from

tt un Hills Shopping Center downstream.

The purpose of this study is to determine the reasons for the flooding
which increasingly is affecting sections of Duffs Run adjacent to Rodi
Road. The Municipality of Penn Hills commissioned this report to pro-
vide alternative courses of action for safeguarding property by control-
ling existing stormwater flows, and preventing future increased runoff
generation. The report was prepared by the Turtle Creek Watershed
Assoclation in cooperation with Alex Hutchinson & Son consultants,

englneers for the Municipality.



EXECUTIVE SUMMARY

Basin Description

The Duffs Run Watershed is an elongated basin 513 acres in size, oriented north
to south, with the discharge point near the intersection of Rodi Road and the
Penn Lincoln Parkway. The basin exhibits classic conditions for generating
flash flooding due to urban development. It has thin soils and steeply sloped
terrain. A narrow stream channel is attended by little adjacent flood plain

for flood dispersal. Extensive development is located at the most critical
areas for generating flood conditions; and storm sewers down the steep slopes
quickly concentrate the runoff. As a result, hydraulic structures in the main-
stream, designed long ago for much smaller flows, are now inadequate and causing

flooding.

Land Use

Present land use is a mix of commercial uses, dense residential sectors, attending
arterial and service roads, and open spaces. Development that generates the
highest percentage of runoff -- roads, parking lots and roofs -- occupy about

35 percent of the area, and residential uses cover another 30 percent. The
remaining 35 percent of land is in open spaces, mainly in the lower portions

of the basin.

Of the 176 acres in open space, a total of 116 acres comprise existing lots
previously subdivided. Most have some constraint to development. However,
several large residential tracts, likely to be developed in the near future, are
located adjacent to Duff Road, and bounded by Tulip and Hoover Roads. Both of
these areas require strict control of new development to prevent generation of

additional runoff. Also, the strip commercial area along Rodi Road is of



concern because future development here could lead to stream improvements,

accelerating stream flow. Higher peaks downstream would then result.

Rodi Road Flooding

Four general areas along Rodi Road are periodically subjected to flooding. At

the Penn Hills Shopping Center, indadequacies of the collection system to properly
catch and convey runoff often leads to inundation of adjacent Rodi Road. The
runoff then flows down the roadway and, sometimes combined with overbank flooding
of Duffs Run just below the Shopping Center, affects road traffic and several
businesses below. A second problem is found upstream of the Carpet Warehouse
site. Here the culvert under the embankment sometimes clogs with debris, causing

backwater flooding to several businesses.

A third frequently flooded location, around the Brentano Building and Garden
Supply Company, has resulted from the stream channel being stabilized. Now,
increased flows resulting from upstream development often damage several homes,
businesses and storage sites. The fourth flooding area, from Tulip Road down-
stream to the Rodi Road culvert (opposite to the Long Printing Company), is

the reach of Duffs Run most often flooded and suffering the most damages.

Both the Rodi Road and Tulip Road culverts are undersized, and several piped

sections between the culverts are inadequate.

Hydraulic Structures

There are a total of 16 culverts and other hydraulic structures in Duffs Run

from the Penn Hills Shopping Center downstream to the mouth. Most are improvised
.facilities constructed by private owners to convey Duffs Run past their properties.
Many were built before heavy development of the basin had taken place, and were

sized to accept flows from a watershed in natural condition. Peak flows are much

)



greater now. Of the total, nine are subject to frequent flooding, while four

are periodically inundated.

A comprehensive project for replacing structures presently unable to carry a 100
year design storm would require improvements toc all or portions of 13 culverts
or bridges. Total project costs would range from about $1.1 million to $1.3

million, depending on the type of replacement facilities chosen.

Alternatives for Flood Reduction

Only one alternative is reasonable for abating Duffs Run flooding -- replacing
in-gtream hydraulic structures. Also investigated for flood reduction were a
system of detention ponds, several small flood control dams and retro-fitting
stormwater controls at major generators. It was found that there is no available
land for detention ponds. The only available sites for flood control dams are
small and the available storage would not significantly affect flood crests.

Finally, it is legally doubtful that retro-fitting can be required.

By process of elimination, replacing hydraulic structures is the only feasible
method of abating Duffs Run flooding. Analysis of downstream effects from
structure replacement indicates that no significant impacts at any critical

measuring point would occur by inplanting new and larger facilities.

Recommended Plan

If sufficient monies become available, a comprehensive project should be
undertaken. However, a piecemeal approach will almost certainly be required
because of financial limitations. The 13 structures requiring replacement have
been prioritized from one through nine, based on a set of selection criteria,

(The four structures on Brentano properties are considered as one unit.)

i~



Priority one is replacement of the PennDOT-owned culvert under Rodi Road near
the Long Printing Company, followed by improving the next culvert upstream.
Replacement of the Tulip Road culvert is priority three, and upgrading the pipe
near Joe & Jennie's Lounge is four. Replacing the culvert near Moore Building
Supply is priority five, then the Brentano culverts, the pipe under Duff Road
and the pipe on the Carpet Warehouse land follow in that order. Priority nine

is improvement of the passageway of two buildings just upstream of Tulip Road.

At the Penn Hills Shopping Center, an in-depth study of the collector lines and
catch basin system should be undertaken by the Shopping Center's owners, or some
interested party. Also, PennDOT should place open-top drains at curb cuts that

they have permitted and tie them to the Rodi Road drainage system.

Implementation

Barring any large committment of financial aid from the State for a comprehensive
project, which at this time is doubtful, it rests with each property owner to
subsidize the repair of an inadequate culvert on his land. Implementation of any
project will likely be based on the desire of each owner for action because of
property damages he is suffering, or personal liability, and supplemental

financial aid, possibly from the Municipality.

There are several exceptions. PennDOT should be immediately petitioned for repair
of the Rodi Road culvert near Long Printing Company, and for constructing open-top
drains at the entrances to the Penn Hills Shopping Center to protect State Route
791 from runoff. Also, the Municipality should include repair of the Tulip Road

culvert in Penn Hills' Six Year Capital Improvement Plan.



With the remaining culverts, it may be in the Municipality's interests

to participate with the land owners in repairs. Based on precedents
established at a number of other drainage problems, the Municipality might
provide direction and a subsidy of a percentage of the project costs. The
project timetable would then be set by owners desiring to replace undersized
structures slated for improvement in this report, in cooperation with the

Municipality of Penn Hills.

Controlling New Runoff

Controls on new runoff generators are already in place in the form of a storm-
water management section in the Municipality's Site Plan Ordinance (effective
September 4, 1980). With proper administration and enforcement, the regulations
are essentially adequate for compelling developers in the Duffs Run Watershed

to control additional runoff generated at their sites. However, several im-
provements are advisable. It is recommended that a 25 year design storm for
sizing controls now in effect be upgraded to a 100 year design storm, for

added protection, and that the regulations require stormwater controls for all

subdivisions and single lots developed in the Watershed.

Also, future improvements to the Duffs Run channel could cause a rapid
concentration of runoff, leading to higher flood threats downstream. Therefore,

additional piping of Duffs Run above Tulip Road should be carefully considered.
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LAND USE & RUNOFF GENERATION

Study Area Description

The Duffs Run Watershed is a long, narrow, north-south oriented watershed 513

acres in size, with a flow length of 10,300 feet. Except for the lowest section

which is in Wilkins Township (and is almost entirely occupied with a Penn
Lincoln Parkway interchange) the remainder of the study area is within the
Municipality of Penn Hills. All of the flooding problems and property damage

occur within the limits of Penn Hills.

In the north, the watershed is bounded by Frankstown Road, to the east by
Jefferson Road, Lougeay Road and Westward Ho Drive, and to the west roughly
by Pheasant and Burton Drives. In addition to the main watercourse, Duffs

Run has two significant tributaries. One parallels Duff Road and enters Duffs
Run near the intersection of Rodi and Duff Roads. A second drains an area
above Tulip and Hoover Roads and enters Duffs Run near the intersection of

these roads with Rodi Road.

Duffs Run Watershed exhibits many of the classic geographical conditions for
massive runoff generation as land is developed. Worst-case conditions for
generating destructive stormwater are said to be small watersheds, steeply
sloped with thin soils, lacking natural or artificial storage (ponds), con-
taining few flood plains, and with extensive urban development. This exactly
identifies the Duffs Run area. It explains, in part, the major increases in

flooding presently being experienced along Duffs Run.

Modifications to the drainage system, along with land-use changes, appear to

be about equal in their contributions to the flooding problems along Duffs

8
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Run. As many small, moderate and several large-~sized tracts changed land-use
from natural to urban uses, and with virtually no provisions incorporated to
deter new runoff from roofs, roads and other impervious surfaces, cumulative
effects of runoff have led to major increases in storm flows. Also, studies
indicate that the storm sewer systems that serve these new developments, by
cutting down on travel times of the runoff getting into nearby streams, are
as important as the impervious surfaces themselves in generating downstream

flooding.

Sub-Area Breakdown

The Duffs Run Watershed is an area highly impacted by intensive urban devel-
opment, with extremely high rainfall/runoff characteristics. In additionm,
these impervious areas are located at the fringes of the watershed, primarily
at or near the top of the watershed boundary, where concentration and acceler-

ation of this runoff in storm sewers can do the most harm.

The most obvious runoff generator is the Penn Hills Shopping Center, but each
and every tract that has changed from natural conditions to a more intensive

use 1s a contributor.

Computer analysis of the study area indicates that the cumulative effects from
(1/8) acre tracts throughout the study area are enormous. To better understand
the contributory effects of different locations, the watershed has been divided

into Sub-Areas for land use and flow generation analysis,

The best planning tool for evaluating the contributory effects of urbanization

on runoff from sub-areas is judged to be the Soil Conservation Services (sCs)
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Tabular Hydrograph Method, as defined in the SCS pamphlet "TR-55." The method
was computerized for this report and used to determine past, present and future
storm flows in the watershed. A criteria using the Tabular Method for accurate

projection of flows is that all sub-~areas be at least 50 acres in size.

Therefore, the Duffs Run Watershed was divided into 8 Sub-Areas, ranging in size
from about 50 to 87 acres, and attempting to roughly coincide where possible
with tributary drainage basins. Flows from these Sub-Areas were then determined
to understand where present problems were being generated, and where future
controls can be affected. Figure (1) is a combination map identifying the

Watershed study area, as well as the breakdown of the Watershed into Sub-Areas.

Fresent Land Use

The Duffs Run area enjoyed extensive growth in the form of tightly-set,

single family homes in the decade of the 1950's, through the mid-1960's.
Completion of the Penn Lincoln Parkway to Rodi Road in that period contributed
to this section of Penn Hills becoming a bedroom community for Pittsburgh, and
its rapid growth. While a number of individual homes were located directly
along Rodi Road near the Parkway interchange, most were placed in subdivisions

on flat terraces and hilltops near the edges of the watershed boundary.

Shortly thereafter, in response to this development and the fact that Rodi Road
serves as the gateway to the Municipality, the Penn Hills Shopping Center was
established at the very top of the study area. Commercial and industrial firms
has been attracted along Rodi Road since that time because of the excellent

business potential offered by the large daily traffic volume.

Today, land-use analysis indicates that the study area is one of the more heavily

impacted watersheds in Allegheny County, outside the City of Pittsburgh,

10
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concerning development-induced storm runoff. Development that causes the
highest percentages of runoff -- roads, parking lots and roofs -- occupy 35
percent of the area, while residential uses, most in (1/8) acre lots, occupy

another 30 percent.

The remaining 35 percent of the study area is in open spaces, with most con-
sisting of steep-sloped land near the Parkway Interchange and along the lower
sections of Duffs Run. Figure (2) defines the acreage of the present land use
in the study area. (A complete breakdown by Sub-Area is found in Appendix B.)

FIGURE 2
Present Land Use

Land Use Total Acreage Percent of Total
Residential
Lot 1/8 acre 118 23Z
Lot 1/4 to 1/2 acre 22 ¥4
Lot 1 acre or more 15 37
Commercial/Business
Roof 30 6%
Parking Lot 48 9%
Commercial 29 5%
Affected
Roads 76 15%
Open Spaces 175 35%
Totals 513 1007Z

The map on the following page identifies present land use in the Duffs Run

Watershed.

12
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Future Growth Potential

Of the 176 acres of Open Space land now available in the Duffs Run Watershed,
about 116 acres are located in areas where runoff generation from development
could contribute to damages along Rodi Road. The remaining open spaces are
around the Parkway interchange and on both sides of Rodi Road in the vicinity
of the Penn Hills pumping station. Generally, these areas are too low in the
study area to be contributing factors to the Rodi flooding. Also, these 60

acres are not readily developable and are generally wooded, steep slopes.

The remaining 116 acres are comprised chiefly of existing lots that were pre-
viously subdivided, and have constraints to development. There are a few
notable exceptions. Several large, adjacent tracts about 20 acres in total
size and zoned "R1" residential are located in Sub-Area 4, off of Duff Road.
Adjacent to this is some 3 acres in "R~5" high-density residential zoning.
Also, a large-sized tract zoned "R-2" medium density residential is located

uphill from Tulip Road in Sub-Area 6.

Of the 116 acres of open space lands, about 39 acres are zoned for commercial
and industrial uses in the Rodi Road corridor. A total of 41 acres are in
"R1" quarter-acre residential, while 22 acres are in "R-2" which provides for
one-eighth acre residential lots. Only about 3 acres are in classifications

that allow apartments and other dense residential use.

If all of these areas in slopes 25 percent or less are eventually developed,

and 1if no on site stormwater controls are used, an increase of 15 to 20 percent

in the peak flood crest will be realized in the area from Duff Road downstream.

14
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The major contributions will come from development along Duff Road, in
Sub-Area 4, and above Tulip and Hoover Roads, in Sub-Area 6. These two
areas are critical in any planning to control runoff generation from

future development.



el &3

-
e

=3

3

,_...
L

B wm AL

- ~—-“ ‘r————w

—_—

RODI ROAD HYDRAULIC CORRIDOR

This section contains a detailed analysis of hydraulic structures and flooding
characteristics of Duffs Run along Rodi Road, from the Penn Hills Shopping
Center down to the confluence of Duffs Run with Chalfant Run. It consolidates
data from a flood damage survey, past hydraulic studies, computer analyses

of flood flows, along with a field survey of structures.

Stream Conduits

The first consolidated flows of Duffs Run are observed as they exit from a

48 inch discharge pipe that serves the Penn Hills Shopping Center rainwater
collection system. Flowing parallel to Rodi Road, the waters of Duffs Run

pass through a number of hydraulic structures that support roads, buildings,
parking lots and open lands. Most are improvised drainage structures con-
structed by private property-owners, and were built at a time when construction
guidelines by both the Municipality and State were either lacking or rarely
enforced. A number of the pipes are hodgepodge affairs where different sized
pipes connect underground, often at an angle. One pipe consists of old tanks
(with tops and bottoms cut out) that are welded together. Another, reportedly,

is in-part a box culvert built out of railroad ties.

At present, nearly all of the structures are inadequate to pass even a modest
storm event, and overbank flooding is frequent. Damages to buildings, parking
lots and storage areas are often suffered, and traffic on Rodi Road must fre-
quently halt until the flood water inundation is past. Most of the flooding
and damages are suffered in the critical areas directly below the Penn Hills
Shopping Center and from Duff Road downstream to the Municipality of Penn

Hills' pumping station along Rodi Road.

16
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Flooding Problems

Part of the flooding at the Penn Hills Shopping Center is due to inadequacies

of the collection system to properly catch and convey the large amounts of
runoff from roof and parking lot areas. Thus, during even modest sized storms
water escapes onto Rodi Road. The PennDOT drainage system is inundated, causing
flooding of low spots and closing Rodi Road to traffic. Using the road as a
conveyor, the runoff continues downhill and leaves the road at curb cuts causing
damages to Joe & Jennie's Lounge, and other properties. During very large

storms, overbank flooding of Duffs Run below the shopping center is also a factor.

A second flood problem is periodically in evidence just upstream from the Carpet
Warehouse. Here a 5 feet diameter pipe conveys Duffs Run under a 15 feet embank~
ment. Clogging of the pipe during past high waters has caused a large lake to
form, sometimes backing onto upstream properties. Damages to Saville Company, Inc.
and other locations have been suffered. Also, sediments from upstream have filled
the stream channel in this general area, causing frequent flooding of several

parking areas.

A third flood area is in the vicinity of the Brentano Building and Garden Supplies
establishment. Here the old stream channel was earlier gstabilized, and now
increased flows from upstream development cannot be contained. Several homes,

a metal shop and storage areas often suffer damages.

A fourth flood area is located from Tulip Road downstream to the Rodi Road culvert.
Here damages and flooding are most frequent. Inability of the Rodi Road culvert

to carry flows because of inadequate size is the main factor. But frequent
blockage of a culvert near the Airtite Company site is a contributing factor.
Upstream near the Payless Gas Station, flooding is sometimes experienced because

the culvert under Tulip Road also is inadequate.

17
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Flood Damage Survey

A flood damage survey was conducted as a part of this study to determine actual
flood damages sustained in the last ten years in the Rodi Road corridor. A
total of 34 letters were sent, with 14 respondents claiming damages of just
under $60,000. These are only property damages and do not include “down time"
and the expense of cleaning mud and debris from premises. This figure is con-
sidered conservative because many property owners could not reconstruct damages

not recently incurred.

Flow Modeling

A combination of the SCS-TR-55 '"Tabular Method" and the more commonly used
Rational Method were used to determine design flow for selected points along
Duffs Run. While the SCS Tabular Method is the best method available for
analyzing changing land use, contributions from different portions of a basin
and the effects of pipe surcharging and storage facilities, a recent report
by Penn Stati University cautions against its use in basins of less than 1 square

mile in area. Its projections are often unrealistically high for small drainage

areas.

Penn State's recommendation was to use the Rational Method as a basis for

determining design flows for basins of the size of Duffs Run watershed. So

the two methods were consolidated in this report where the Rational Method was
used to provide peak flows, and the Tabular Method, with its hydrograph capa~
bilities, was used to assess the effects of sub-area contributions, surcharging

and detention based on the peak flows of the Rational Method.

l"Recommended Hydrologic Procedures for Computing Urban Runoff from Small
Watersheds in Pennsylvania, 'David Kibler, et. al., the Penn State University,
January, 1982.

18
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Peak Flow Increases

According to computer projections based on land use, precipitation and stream
gage data, peak flows along Duffs Run have increased from a factor of just over
two-fold near the mouth to about five-~fold just below the Penn Hills Shopping
Center. These increased flows over what occured when the basin was in natural
foliage are directly due to the increased impervious faction resulting from

basin development and the speed with which rainfall now enters the streams.

It is little wonder that most of the hydraulic structures and a number of
locations along Duffs Run can no longer carry even annual storm events. Appendix
in the back of this report provides past and present land use hydrographs which
may be compared to determine areas of the basin that have contributed the greatest

increases of runoff to Duffs Run flows.

Future flows are also projected, revealing that Sub Area 4 around Duffs Road
and Sub Area 6 above Tulip and Hoover Roads will require close supervision

during development if destructive accelerated runoff is not to be generated.
Without controls, future growth could add from 14 to 20 percent to the flood

peaks now experienced below Tulip Road.

Stream Morphology

The cross-section and flow characteristics of Duffs Run have changed dramatically
as the peak flows have increased. In response to the greater amount of water

now expected to be carried, and the energy that water contains, the channel

cross section has begun to correspondingly increase. According to contemporary

2
studies, a doubling of peak flow will result in a 75 percent increase in

2
"Stream Channel Enlargement Due to Urbanization," Thomas R. Hammer,
RSRI Discussion Paper Series: N0O55, May, 1972.
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channel cross-section.

Thus, below the Shopping Center where flows have increased by a factor of five,
the stream channel will increase in size by a factor of four. Erosion and
debris from this channel increase will be carried dowmstream and can be ex-
pected to clog hydraulic structures below and fill areas of the channel where
the flow gradient begins to decrease. Any effort to inhibit this natural
process will require structural improvements to the channel. Otherwise, over
a period of 15 to 20 years, the stream will widen and deepen, possibly washing

out or damaging existing pipes and culverts.

Selecting a Design Flow

Act 167 of the State of Pennsylvania, the Stormwater management Act, requires
that all new and replacement hydraulic structures on "urban watersheds' such
as Duffs Run be built to carry a 100 year design flood. The division of Dams
and Encroachments of PennDER will not provide the necessary permits for con-

struction of hydraulic structures if these minimums are not attained.

The determination of the amount of water that these conduits should safely pass
is based on land use, area of the watershed, steepness of the land and hydraulic
improvements. An intensive study of these factors was made for this report, and

the 100 year flood was then projected.

An interesting combination along Duffs Run of slope, area, and land-use combined
to provide stream flow hydrographs that reveal similar peak crests for points
below the Duff Road intersection with Rodi Road. From this point, where a

major tributary enters Duffs Run, peak flows are within 5 percent of one another.
(Hydrographs, with Sub-Area contributions for selected points, are found in

Appendix C.)
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Because of this, a common 100 year design flow has been selected for all points
below the Duff Road intersection. Figure 4 identifies all present hydraulic
structures along' the Rodi Road corridor and the design storm flows that each

should carry when replaced. The map on page 31 locates each structures.

Analysis of Hydraulic Structures

Following in this section is an analysis of existing structures below the Penn
Hills Shopping Center, down to the mouth of Duffs Run. Detailed information.
on structure, location, size, flow carrying capacity, condition and ownership
is given in narrative form. Photographs of each are found in Appendix A

providing visual reference.

Determination of the capacity of each structure was based on the cross-sectional
geometry, pipe entrance capacity and the surcharging capabilities at that
location. The pipe entrance capacity is the amount of water that is able to
enter the pipe when the water level upstream is at the exact crown of the pipe.
It is usually much less than the pipe can actually carry at full flow, since
turbulence, determined by the type of inlet, restricts the amount of water

that may enter. (Pipe entrance capacity, without any surcharging, is the flow

PennDER requires when they determine the adequacy of any proposed new structure.)

Surcharging, conversely, increases the amount of water that enters a pipe.
Where embankments are found, as the headwater level above a pipe increases
during flooding, the increased pressure forces more water into the pipe. The
capacity of hydraulic structures along the Rodi Road corridor were determined

using the surcharging capabilities that now exist at each location.

21
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Figure 4
DUFFS RUN

HYDRAULIC STRUCTURES CAPABILITIES

EXISTING CAPACITY(CFS)

DESIGN FLOW (CFS)

RCP = Reinforced Concrete Pipe
CMP = Corrugated Metal Pipe

22

;BUCTURE DESCRIPTION LENGTH WITH AVAILABLE SURCHARGING 10yr. 25yr. 100yr.
U] Concrete Arch Culvert 600" 2000 + 470 540 640
(10' x 9')
r*
| 2 Concrete Box Culvert 105" 1150 470 540 640
) (10' x 6.5")
| oMP (8' @); 150" 500 470 540 640
= Concrete Arch (9' x 7'") 50" 540
rﬁ 4 CMP (8' @) 50 650 470 540 640
I\_'
5 RCP (8' x 4.5' arch) 38! 242 470 540 640
6 CMP (5' @); Block & 254" 250 470 540 640
Concrete Box (5.5'x3.5"')

7 CMP (6' @) 240" 350 470 540 640
8 RCP (5' @) 47" 180 470 540 640
(- Metal Pipe (8' 9) 218" 525

9 Structure Passageway 40" 450 400 450 540
ﬁ. (12' x 5.5%
=10 CMP (9' x 6' oval) 22" 320 400 450 540
[' 11 Bridge Opening (9.5'x5"'") 12.6" 328 400 450 540

12A Bridge Opening (10'x3.8') 20° 230 400 450 540
-

L 12B RCP (7' x 4' oval) 28° 160 400 450 540

. 12C Bridge Opening (6.5'x3.5"') 25" 131 400 450 540

[ 12D Concrete Slab Box (9'x4'); 79' 222 400 450 540
Concrete Slab Box (7'x6') 42 317

I

J 13 Bridge Opening (6' @) 50' 340 325 360 440

14 CMP (5' ) 650' 400 325 360 440

Lt 15 CMP (4' 9) 722' 140 325 360 440
CMP (5.5' @) 220

16 RCP (5' 0) 20' 200 220 220 220
. Symbols: @ = round
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Surcharging was allowed up to the point where flow over the embankment would
occur, or damages began to a nearby structure because of backwater effects.
It should be noted that this surcharging capability may change as the culvert

is extended upstream, or a change is made to the inlet or embankment.

OPEN CHANNEL-SIZE REQUIRED

FLOW DESIGN FLOW
REQUIRED
Q=C.F.S. Required K D8 S laq
n 3 2
1. 400 5' wide, 4.5' deep 1:1 side slopes 466
2, 540 5' wide, 5' deep 1:1 side slopes 575
3. 640 5' wide, 5.5' deep 1:1 side slopes 696
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STRUCTURE #1 is a concrete arch culvert 10' wide by 9' high with wing walls

under the Penn Lincoln Parkway East and owned by PennDOT. Length of the
structure is approximately 600'. This concrete facility is in excellent
condition both from a structural and maintenance standpoint. Flow carrying
capacity exceeds 2,000 cfs (with surcharging), which is about three times
the expected flow from a 100 year design storm, set at 640 cfs for this
point. This is the only structure along Rodi Road that can carry a 100

year storm without surcharging, with a pipe entrance capacity of 655 cfs.

STRUCTURE #2 identifies a concrete box culvert with wing walls 10' wide by

6.5' high, passing for a length of 105' under an entrance ramp to the Penn
Lincoln Parkway East. It also is owned by PennDOT. The conduit is in
excellent structural condition, with no sediment blockages. Flow carrying
capacity is about 1150 cfs with surcharging, and it can pass a 100 year

design storm.

STRUCTURE #3 is a combination of an 8' diameter corrigated metal pipe (CMP)

which passes under the paved area of a B.P. Gas Station, and a 9' x 7' concrete

arch culvert which runs under Rodi Road. The current property owner appears
responsible for the CMP pipe, while PennDOT must maintain the arch culvert.
The CMP pipe is in excellent condition and extends for 150', where it
discharges flow at a 45 degree angle into the 50' long arch culvert. The

latter shows some concrete spalling, but is otherwise structurally sound.
Neither section of this facility is encumbered by sediment accumulations,

but a log has jammed at the mouth of the CMP pipe, somewhat restricting

flow. Flow carrying efficlency is sufficient to carry about a 25 year storm,
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After which the flood waters would inundate the B,P, Gas Station and flow

across Rodi Road back into the channel.

STRUCTURE #4 represents an 8.0' pipe about 50' long that supports the

service road for the Municipality of Penn Hills' pumping station. The
Municipality of Penn Hills is responsible for maintaining this structure.
The pipe is in excellent condition both structurally and as far as
maintenance is concerned. With surcharging capability utilized at

this location, the pipe will carry a 100 year storm. Any overbank flooding

would result in flows around the structure and back into the channel with

little or no damages to property.

STRUCTURE #5 is a 38' long concrete 8' x 4.5' arch culvert, under Rodi

Road in front of Long's Printing establishment. PennDOT is responsible

for maintenance of this facility. At present, the culvert is in both poor
structural and maintenance repair. Spalling of concrete on the headwall
faces, both at upstream and downstream ends, is in evidence. Sediments have
thoroughly clogged this conduit and threaten frequent flooding of the road-
way and adjacent properties. Surcharging causes resistence upstream through
several pipe sections and may contribute to overbank flooding at these
points. At design efficiency, the concrete culvert can carry about 242 cfs,

which is less than a 5 year storm at this point. However, with the existing

sediment constriction, probably less than 100 cfs is now being carried, and
this facility and Rodi Road can be expected to be inundated several times

a year. This structure was designed and built in the 1920's.

STRUCTURE #6 represents a hodgepodge of CMP pipe, railroad ties forming

a box culvert, and a block-and-concrete box culvert. It extends for a
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distance of 254' under the parking areas of Airtite Caulking and Long
Printing Companies. Structure dimensions range from a 5' CMP pipe at

the upstream end to a 5.5' wide by 3.5' high block-and-concrete box
culvert at the downstream end. Reportedly, middle sections are comprised
of box culverts made with railroad tie walls, and concrete slab cover.
Some entrance controls consisting of concrete and sand bags aid pipe flow
upstream, while a 4' high wall near the entrance to the pipe directs any

overbank flooding out onto Rodi Road.

Complicating flow passage are reinforcing rods placed laterally about a

foot down from the roof of the block-and-concrete box culvert, which acts

to catch logs, shopping carts and debris, restricting flow. A concrete lip
on the upper end and some sediment accumulations on the lower end are further
restricting factors. The overall condition of this structure must be

evaluated as poor.

Maintenance responsibilities are with the property owners of record. With
some surcharging, this composite structure will almost carry a five-year
storm, but will overflow beyond that point. Resistance from backwater effects

from Structure #5 below could cause this structure to flood prematurely.

STRUCTURE #7 is a 6' diameter CMP pipe which extends for 240' under the

Moore Building Supply parking lot and a vacant lot. Although the tar-lined
CMP pipe exhibits some rust, it is in satisfactory condition, both from a
structural and maintenance viewpoint. With the surcharging available at
the entrance, the pipe can carry in excess of a 5 year storm, but will not

carry a 10 year storm without flooding.
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STRUCTURE #8 comprises two in-line pipes. One, a 5' diameter concrete

culvert, extends about 47' under Tulip Road, while downstream, a 218' long
section of metal pipe, perhaps old gas tanks welded together, has a diameter
of 8'. Both culverts are in satisfactory structural condition, but sediments

at the upstream'end have restricted the culvert passageway to a 3 1/2' height.

The structures, because of the limits of the 5' culvert under Tulip Road,
can carry only about a 2 year design storm at peak efficiency, but will
overflow thereafter. The concrete culvert under Tulip Road is the responsi-
bility of the Municipality, while the metal culvert is the province of the
applicable property owmer, with sections on the Payless Gas Station lot and

a portion that appears to be on the Rodi Lounge property.

STRUCTURE #9 is a 40' long passageway below two attached structures housing

the Scuro Transmission and the East Suburban Medical Supplies shops. The
buildings are on pillars over the stream that present a flow area generally
about 12' wide by 6' high, and can carry about a 10 year storm, although a
25 year flow may cause first-floor damages. The property owners are clearly

responsible for this hydraulic constraint.

STRUCTURE #10 involves an oval-shaped CMP pipe 9' wide by 6° high under a

bridge that connects two parking lots serving Cohill's Bar. This 22' long
facility is in excellent condition and free from sediments. The structure
can adequately carry only a 5 to 10 year storm, after which water will
circumvent the culvert onto the low parking area west of Duffs Run and
re-enter the channel. Little or no damages would be expected to the lot

which acts effectively as an emergency by-pass.
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STRUCTURE #11 is a 9' wide by 5' high, 12.6"' long bridge in good condition

that serves as a driveway to a private house. The circumstances are the
same as for Structure #10 only 30' below, where any overbank flooding will
proceed down a low driveway area, then over Cohill's parking lot and return
to the stream channel. A 100 year storm canm be handled in this way with no
damages to any building. Maintenance (as in #10) is the responsibility of

the property ownmer.

STRUCTURES #12A, 12B, 12C and 12D are all bridge openings and culverts on

the property of Mr. Joseph Brentano et al. Included are storage areas and
driveways for Brentano Speciality, and Brentano Building and Garden Supplies.
Any overbank flooding at these structures will proceed along the low area
which the Brentano companies use as storage areas. This low area may handle
a 100 year flow, but damages will probably be sustained by several homes
owned by the Brentano's and their specialty metal fabricating shop, as well
as to products stored in the low area, because of the narrow stream channel
and inadequacy of the structures. Maintenance of all of the structures is

the property owner's responsibility.

* The Bridge at 12A is 10.5' wide by 4' high and 20' long, in satisfactory

condition. It can handle only a 2 to 5 year storm safely.

* The Oval-Shaped Culvert, 12B, supporting a driveway, is 7' wide by
4" high and 28' long. It will overflow at about a 2 year storm.

* Facility 12C is a bridge box-culvert with an upstream opening 6.5'
wide by 3.5' high, expanding to a downstream end 25' below of 9'
wide by 2.75' high. It is in good structural condition but can
handle only a one year storm safely.

* The Box Culvert at 12D has an upstream end of 9' wide by 4' high
and converts to a downstream end 7.0' wide by 6' high. This concrete
slab covered facility is in satisfactory condition, and can handle
between a 2 and 5 year storm.
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STRUCTURE #13 is a 6' diameter RCP under Duff Road. It has wing walls for

entrance control and is 50' in length. This reconditioned facility, which
is maintained by the Municipality of Penn Hills, can handle with surcharging
probably a 50 year storm flow, after which the water will flow over Duff
Road back into the stream. However, damages to several structures may occur

between the 10 and 25 year storm. There are no sediment problems at this site.

STRUCTURE #14 is a 5' diameter CMP pipe that dog-legs under an open area,

then beneath the parking lots of the Carpet Warehouse and Weaver Motor Service
properties, a total distance of about 650 feet. The facility exhibits some
rusting and is in only fair structural condition, with no sediment problems

in evidence, There is a large surcharge storage area at the upper end of

the pipe. The facility with surcharge flow can carry about a 50 year design
storm. (In the past, logs and debris have clogged this facility causing
backwater damages to several businesses upstream). However, filling of the
lowland area for future development could have a negative impact on the
storage capacity above this structure. The structure is the responsibility

of the property owners of record.

STRUCTURE #15 includes a combination of several pipes that dog-leg a

distance of about 722 feet, starting some 100 yards below the Penn Hills
Shopping Center and passing through properties of a private home ownmer,
downstream under Joe & Jennie's parking lot, an open field, and under the

parking lot of Mister Donut restaurant.

The 4' diameter CMP pipe which is badly rusted at its upper end, eventually

exists as a new 5.5' diameter CMP pipe near Mister Donut. Structure #15,
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which is the responsibility of property owners through which it passes,
can handle about a 1 year design flow, but will probably overflow before

the 2 year design flow is attained.

STRUCTURE #16 is an excellent, new 5' diameter RCP culvert under a private

road immediately adjacent to the Penn Hills Shopping Center's embankment.
Since the discharge pipe from the Center's storm system drainage is the

only significant flow to Structure #16, it should handle nearly all expected
flows from the Center's 4' diameter concrete storm sewer only 3' away. Pipe
entrance turbulence because of the 3' gap, however, will cause Structure #16

to overflow when the Center's discharge pipe is flowing full.
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ALTERNATIVES FOR FLOOD REDUCTION

Only two alternatives are practical for reducing or eliminating the flooding
along Rodi Road: providing detention dams or ponds upstream and replacing

inadequate culverts with larger facilities.

A third concept might be to require large runoff generators to retroactively
provide stormwater detention at their sites. However, this is impractical

since there is little space available at these sites and any retro-fitting

of facilities would be extremely expensive. Also, it is doubtful that property
owners could legally be required to act. Legal history suggests they would not,
since stormwater regulations were not in effect when these properties were

developed.

Detention Facilities

Theoretically, many small detention ponds high in the watershed or several large
flood control dams in midstream areas could be used to control flooding caused by
runoff from land-use changes. Neither 1s satisfactory in the Duffs Run watershed
because of the lack of available land, and the large volumes of water that need

to be controlled.

To be effective in any meaningful way, the detention ponds or dams would have to
absorb sufficient water during storms so that it would not be necessary to replace
a majority of the existing culverts. A suitable test would be to determine whether
the costs of detention facilities would be less than the costs of replacing the
culverts. But along Rodi Road, most of the culverts fail with even small storms.
This means that extremely large volumes of runoff would need to be stored, requiring

large dams that would far exceed in cost the replacement of the undersized drainage
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structures. Any partial storage of runoff serves no purpose since nearly all of

the culverts would still require replacement.

1.

Detention Ponds

The option of placing many smaller detention ponds high in the watershed
on minor tributaries of Duffs Run 1is not realistic. Nearly all available
land is now occupied by homes and businesses since it was these less-—

steep fringes of the watershed that were first developed. The very few
sites left in open spaces are all steeply sloped, requiring the most
expensive type of facilities, and total storage available is insignificant.

It should be noted that there exists a small quantity of detention
storage active at many of the existing culverts. Pooling of water
occurs, to some extent, upstream of most of the culverts adjacent to
Rodi Road during flooding. However, in comparison with the flows
coming down Duffs Run, this incidental storage is negligible, rarely
affecting flood peaks in any substantial way.

Flood Control Dams

The term flood control dam in this report differs from a detention pond
only in the size of the structure. Both perform the same functions:
storing water to lower peak runoff downstream.

Presently, there are only two sites in the entire Duffs Run basin where
such facilities might be considered. Both would occupy sections of
ground extremely valuable to the Municipality, and together they do not
provide for enough storage to significantly reduce flood crests. On
the main stream, just above the Carpet Warehouse, is a ravine that
could be converted for use as a storage area. A second site is located
along Duff Road in Sub-Area 4, just above the intersection of Rodi

and Duff Road.

The Site above the Carpet Warehouse 1s a natural ravine, now partially
occupied by business structures and their parking facilities. The
embankment for the "fill" that supports the Carpet Warehouse provides
a dam, while a 5' diameter CMP pipe carries the waters of Duffs Run
under the fill area. With surcharging, the pipe can carry about a

50 year storm.

If the existing buildings were removed, the embankment improved, and a
650' replacement pipe installed, the site could provide 35,000 cubic
feet (.8 acre feet) of storage. However, this would be extremely
expensive, and the small amount of storage obtained would be miniscule
in comparison with Duffs Run peak flows.

The site along Duff Road allows for a 5 feet high, 100 feet long

earthen dam. A sedimentation pond recently has been built by a local
developer at this point. This pond could be improved to provide for a
potential 15,000 cubic feet (.34 acre feet) of storage:. Again, land
costs and the necessity of providing an extremely secure structure to
protect downstream properties make this small amount of storage
prohibitively costly.
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Conclusions on Detention

Computer analyses indicate that if both flood control facilities were built,
the peak crests of the 10, 25 and 100 year floods would remain unaffected.

The runoff is so great during storms of this size that the available storage
capacity would be quickly absorbed, long before the peak of the flood occured.
Other negative considerations include the following:

* Estimated total cost for the two facilities would likely approximate
1 million dollars.

* Operating these types of facilities in an urban enviromment would
present safety hazards to children playing nearby, and possibly to
businesses and structures downstream should they fail.

* Maintenance would fall to the Municipality, and liabilities might be
very large should damages occur because the structures were not fully
operational when a major storm occured.

* Despite the flood control dams, most downstream hydraulic structures
would still need to be replaced to prevent flooding.

Because of the above arguements, it is obvious that it is unadvisable to con-
sider detention facilities in any way as a solution to the existing Duffs Run

flooding problems.

Structure Replacement

By default, replacing the existing structures with facilities capable of
carrying a 100 year design flow is the only solution available for eliminating
the flooding now being experienced along Rodi Road. Development of much of

the study area precludes any other possibility.

The extent to which inadequate facilities should be replaced depends on the
flood abatement goals which are set, and the financial ability of those
responsible for reconstruction. Based on the damage survey compiled for this
report, the flooding of Duffs Run must be considered nuisance flooding, since

only about $60,000 in damages has occured within recent memory. (This includes
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the effects from several large storms that occured in 1972, 1978 and 1981 that

were in the range of 10 to 25 year frequencies in the basin.)

A goal set to alleviate the worst of the nuisance flooding obviously would be
considerably less costly than a goal of abating all flooding along Duffs Run.
However, the latter might be considered if the financial circumstances permit.
In this section, a summary of replacement structures will be given for all those
presently undersized, along with estimated project costs. In the "Recommended
Plan" section, alternatives and priorities will be discussed for implementing

a program.

As identified in the section "Selecting a Design Flow" on page 20, the
Pennsylvania State Department of Fnvironmental Resources (DER) requires that

3
a 100 year design flow be established for the Duffs Run Watershed.

The section on "Selecting a Design Flow" also identifies that a common 100 year
flow will be used below the point where Duff Road crosses Duffs Run. To contain
the 640 cfs at peak flow, these are three options that are available: (1) a 10'
wide by 8' high box culvert, (2) a 9' round pipe, or (3) a 12.5' by 7.9' corrugated
metal eliptical pipe. Determination of which is best at any site will be based

on cost versus strength needed. These options are selected because they are

standard sizes and meet DER requirements.

Between Duff Road and the Penn Hills Shopping Center, the 100 year design flow
is 440 cfs. An 8' by 7' box culvert, an 8' round, or a 10.25' by 6.75' eliptical

CMP are three options. It should be recognized that these sizes, and the costs

3DER has three watershed classifications for sizing hydraulic structures,
depending on land use: rural, suburban and urban; with a 25 year, 50 year and
100 year storm required, respectively. DER was contacted for this study and
confirmed that a 100 year design storm was necessary for the Duffs Run basin.
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shown in Figure (7) are for planning purposes only. Costs are based on normal
installation. Additional depth and limited access to the site could sub-
stantially increase costs. Each replacement structure should be engineered

specifically, to PennDER requirements.

Finally, the design flows utilized assume that no increase in runoff will
occur because stormwater controls will be required at all new developments
in the basin. Following are brief descriptions of replacement structures. A

summary of optional facilities and their costs are found in Figure (7).

STRUCTURES #1, 2, 3, 4

These hydraulic structures appear satisfactory as they now stand.
Structure #3 is the only one that is undersized, but only slightly.
Flooding of Rodi Road and one gas station might be expected to occur
an average of once in every 25 years, and does not appear to warrant
the cost of replacement.

STRUCTURE #5

Reconstruction of the existing culvert under State Route 791 with an
enlarged concrete arch or box culvert, realigned to better accept the
640 cfs design flows coming downstream, is recommended to eliminate or
greatly reduce the flooding at this site. Below the outlet, the stream
channel regime should be lowered as much as possible to maintain an
adequate flow gradient to prevent sediment accumulations. The channel
in this reach should be rip-rapped to sustain the discharge without
causing erosion. Details on sizes and costs are shown in Figure (7).

STRUCTURE {6

To accomodate the 100 year storm, the existing conglomeration of pipe

R



and makeshift box culverts should be replaced with either an eliptical-
shaped, corrugated metal pipe, a concrete box culvert, or a reinforced
concrete pipe. Relative costs and the fact that the culvert will underlie
only parking lots suggest the former would be adequate for releiving the
flooding and back-up problems here.

STRUCTURE 7

The existing 5' corrugated metal pipe at this location, similar to
Structure #6, supports only a parking lot and replacement with an eliptical
corrugated metal pipe sized to carry the 100 year storm of 640 cfs appears
adequate. The other options of a box culvert or reinforced concrete pipe
could be utilized if additional strength is desired.

STRUCTURE #8

This facility is composed of a 5' reinforced concrete pipe upper section

and an 8' pipe lower section. To accommodate the 100 year flow,

replacement of the 47 long upper section of 5' concrete pipe under

Tulip Road is required. A concrete box culvert is required because

height limitations preclude using a round or oval pipe. The flow from

this section should then be adequately carried by the metal pipe com-
prising the lower section. When replacement 1s warranted here, an eliptical
corrugated metal pipe should be sufficient.

STRUCTURE #9

This underpassage of two buildings is presently inadequate to pass the
design flow. However, with additional supports to the buildings, this
drainage structure could possibly be expanded to accommodate the 100 year
storm, should the owners desire to do so.

STRUCTURES #10, 11

Neither of these structures needs replacement, since any overflow passes

through parking areas and back into the stream. The only damages that
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might be incurred would be to cars left unattended.

STRUCTURES #12A, 12B, 12C, 12D

A complete renovation of the stream channel and structures through the
Brentano property would be required to reduce frequency of flooding.
A wide, low box culvert would need to be placed wherever driveways

or storage areas Cross the stream.

STRUCTURE #13

This culvert, under Duff Road, can carry between a 10 to 25 year storm
before damages occur to businesses because of surcharging. Replacement
should be with the appropriate sized reinforced concrete pipe or box culvert.

STRUCTURE #14

This culvert can almost carry (with surcharging) the design storm of
440 cfs. Replacement should be with the appropriate sized corrugated
metal pipe as shown in Figure (7).

STRUCTURE #15

Comprised of a 4' corrugated metal pipe upper section and a 5.5' corrugated
metal pipe lower section, replacement should be with a corrugated metal
pipe sized to carry the 100 year flow of 440 cfs at this point.

STRUCTURE #16

This culvert is almost adequate and does not require replacement. Only
extension of the pipe upstream to connect directly to the Penn Hills
Shopping Center's 48' concrete pipe is required to obtain 100 year design
flow carry. An inlet should be constructed over the junction to receive su

surface water.
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Figure 7
)

ALTERNATIVES COSTS FOR REPLACING INADEQUATE
HYDRAULIC STRUCTURES

]

’ Estimated Costs of Design
iydraulic Description Alternative Facilities Flow
Jtructure of Repairs Length Sizes Cost/ft App. Total (cfs)

#5 Construct concrete app. 38’ (PennDOT Design) $150,000 640

reinforced arch or
box culvert

N————

#6 Replace existing pipes 254" 12.6'x7.9°'CMP $400 101,600 640
and box culverts 9' § RCP 450 114,300
10'x8"' box 500 127,000
#7 Replace existing CMP 240° 12.5'x7.9"' 400 96,000 640
9' @ RCP 450 108,000
10'x8"' box 500 120,000
#8 Replace upper section app. 47' 20'x5"' box 1200 56,400 640
i of 5' # concrete pipe
{#t9 Increase size of app. 40’ 250 10,000 540
passageway under
building
#12A,12B  Increase channel size 195" + 10'x7' box 450 87,750 540
12¢,12p and replace all four
structures
#13 Replace with box 50' 8' @ RCP 400 20,000 440
culvert or RCP 8'x7' box 450 22,500
#14 Replace existing CMP 650" 10.25"'x6.75'CMP 500 325,000 440
8' f RCP 550 357,000
8'x7' box 600 390,000
f#15 Replace existing CMP 722! 10.258x6.75'CMP 350 252,700 440
8' § RCP 400 288,800
8'x7' box 450 324,900
CMP Corrugated Metal Pipe

RCP
i

Reinforced Concrete Pipe
PennDOT Estimate
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Downstream Effects from Structure Replacement

Pennsylvania's new Stormwater Management Act (Act 167) requires that consider-
ation be given to downstream effects from changes to land use upstream. The

Act, in Section 13, requires that increased runoff must not be generated from
"alteration or development of land." The Act does not directly specify alter-
ations to existing hydraulic facilities, and it remains a legal question as to
whether they are included under the Act's jurisdictions. In this study, it is

assumed that they are included.

Evaluating the downstream effects of improvements to upstream structures, par-
ticularly for a watershed such as Duffs Run, can be a complex and sometimes
contradictory process. For example, by removing constricting pipes in a stream,
flow velocities will increase. This may actually improve the flood hydrograph
of a tributary stream if the constrictions are low in the basin, but may be a

negative factor somewhere in the main stream below.

In this report, consideration has been given to the effects of improvements,
both on Duffs Run and to Chalfant Run below, at points where damages to improved
property could be inflicted. A thorough analysis indicates that removing con-

stricting culverts on Duffs Run will have little, 1if any, effect downstream.

This is because the watershed and the main stream are steeply sloped, resulting
in a channel that is narrow and rarely conducive to large amounts of storage.
Adjacent development has further restricted any available storage because of
earth fill and stream enclosure. The result 1s that ten of the culverts and
bridges prescribed for eventual replacement in this report altogether have an
insignificant amount of total storage, should they surcharge because of flooding.

Only one, an embankment with a 5' CMP discharge just upstream of the Carpet
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Warehouse (Structure #14) is of justifiable concern.

The embankment and the deep ravine located here provides for a storage capa-
bility of some 35,000 cubic feet., To put this into some perspective, the 100
year flood at this point would have 440 cfs peak flows. Thus the storage
available could contain about 80 seconds of total flow. With the discharge pipe
working efficiently, there is attenuation of smaller flood peaks, but only to a

very small degree.

Following are computer projections of peak runoff at the points below where

Duff Road crosses Duffs Run, and down at the mouth, for design storms from 1 to
100 years. A comparison is made between present flows with storage, and the in-
creases that would occur if the existing pipe was replaced with a pipe sized to

carry the 100 year design flow.

ATTENUATION OF FLOODING BECAUSE
OF SURCHARGE-STORAGE AT STRUCTURE 14

Peak Runoff Rate for the
following Design Storms

Location Pipe Status 1vyr. 2 yr,. 5 yr. 10 yr. 25 yr. 100 yr.
Present
Condition 144 215 338 402 482 629
Below Duff Road
With Pipe 177 255 338 402 482 629
Reconstructed
Present
Condition 144 219 319 420 493 638
Mouth of Duffs Run
With Pipe 173 219 319 420 493 638
Reconstructed

The analysis just completed shows that only the 1 and 2 year flows will in any way
be affected. It is concluded that the impact below would be insignificant as far

as damage to property is concerned if Structure #14 is improved to carry a 100 year

storm.
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RECOMMENDED PLAN

Responsibility for Repairs

Maintenance and repair of inadequate culverts along Duffs Run are primarily the

responsibility of the property owner whose land contains the structure. It may

seem infair, but until recently the '‘Common Enemy" law prevailed in matters of
stormwater runoff. This principle of common law suggested that upstream property
owners were free to develop as they would, without regard for runoff generation,
while downstream property owners were free to protect themselves as they would.
(Recently, certainly since Act 167 was passed on October 4, 1978, upstream
property owners are fully responsible for runoff that they generate.) Thus,
repair of the old, undersized structures on Duffs Run, no matter the reason for

their failure, rests with the owner of record.

1¢ is unclear whether the Municipality has any form of responsibility to aid in
repairs. According to opinions of several state officials, municipalities that
do not plan and oversee the engineering of such facilities bear some liability.
However, at the time most of the undersized structures were built, the State of
Pennsylvania did not have the laws or present the guidance to her subdivisions

to prevent the circumstances that have been generated, not only along Duff's Run,
but in many places in the Commonwealth. By that rationale, the State also would

be liable.

The conclusion is reached that the Municipality has no legal requirement to replace

flood-causing facilities, except for those owned by the Municipality.

However, in keeping with the principle of a municipality "safeguarding the
health and general welfare of the public," a municipality may want to
participate in cooperation With private owners in improvements, if general good
is to be realized. The deciding question might be whether the improvement is

of benefit only to the private land owner, or to many in the community.
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These same conclusions hold true for state involvement in repairs. State action
on similar problems in the Commonwealth have been based on héving a "proper
cost/benefit ratio" to qualify a project for state involvement. This ratio
requires that the value of damages alleviated (usually for a 100 year design

storm) would at least equal the cost of repairs.

Priorities and Recommendations

1f sufficient monies were available, all of the undersized bridges and culverts
identified in Figure 7 would be recommended for immediate replacement through a
comprehensive project. Thus the Section "Structure Replacement" and its Summary
Chart formulate a Master Plan for rectifying flooding along Duffs Run. The only
element missing would be the catchment and control of the Penn Hills Shopping
Center's runoff from parking areas, which does not constitute an in-stream
structure, but is a flood generator. Recommendations on this problem are found

at the end of this segment.

The desire to abate all flooding of Duffs Run must be tempered with the realization
that financial resources are likely to be scarce, and that a pilecemeal approach to
resolving the nuisance flooding along Rodi Road will almost certainly be required.
To best utilize available monies and to concentrate action where it will do the

most good, a set of selection criteria have been established.

These criteria have been used to prioritize the actions recommended herein, and to
formulate a decision-making matrix (found in Figure 8) so that others can generate
their own conclusions. The matrix is to be used as a general comparison chart,
since the elements are not equal in importance. For instance, public safety in
many instances may far outwgigh property damage as a consideration. In the
decision-making matrix, each of the elements has been given a value of 1 to 9 (the

number of structures to be replaced), with one reflecting the highest priority.
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Figure 8

DECISION-MAKING MATRIX
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STRUCTURE #5 1 1 1 1 7 5 1
Structure #6 3 2 2 2 6 3 2
Structure #7 5 5 5 4 5 3 2
Structure #8 4 3 8 3 3 4 3
Structure #9 9 8 9 8 1 1 9
Structures {#124A, 2 6 3 6 4 8 6

12B, 12C, 12D

Structure #13 7 7 7 7 2 7 7
Structure #14 7 9 6 9 9 9 8
Structure #15 6 4 4 5 8 6 4

46




Following are brief narratives of the hydraulic structures recommended for re-

placement. They are ordered with the highest priority first.

Structure #5 under Route 791 should be replaced by PennDOT, at the earliest

opportunity. Not only is this the most frequently flooded site along Duff's
Run, but the safety hazard posed is considerable to travelers on State Route
791 (Rodi Road). With the sedimentation normally present, this facility
usually fails several times a year, stopping traffic on Rodi Road. Damages

to adjacent buildings often occur and also to buildings above, because the
surcharging backwater causes other hydraulic structures to fail prematurely
upstream. In addition to realigning the culvert to better accent upstream
flows, the stream regime below should be lowered as much as possible to achieve
adequate flow and the banks rip-rapped to prevent erosion. A regular main-
tenance program should be carried out at this site until reconstruction

can begin.

Structure #6 is listed as priority two because of frequent flooding, public

safety concern and property damages. Surcharging at the pipe entrance
causes premature flooding at upstream pipes, and any overflow is directed
onto Rodi Road by a wall near the pipe entrance. The pipe is the most
likely one to clog with debris, because of the many changes in size and the

reinforcing rods extending across the flow area.

Structure #8 (the 47' section under Tulip Road) should be replaced by the

Municipality. While great property damage is not generated by flooding at
this location, public safety and the frequency of the floods is of concern.
Also, surcharging effects could contribute to the premature flooding of

buildings only a few feet upstream.
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Structure #15 bares the brunt of concentrated flows from the Penn Hills

Shopping Center and floods frequently. Safety problems, property damages
inflicted and poor structural conditions suggest this facility should be
replaced soon, at least as far down as the new CMP pipe serving the

Mister Donut property.

Structure #7 1s given the next priority, despite its relatively good

structural condition and the fact that it is the largest culvert in the
reach from Tulip Road down to the Rodi Road culvert. While it will benefit
from relief of backwater effects by repair of Structure #5 and #6 below, it.

still will not be able to handle flows greater than the five year storm.

Structures #12A, 12B, 12C and 12D pose difficult replacement questions.

Because the stream bed is only about four feet below ground level, a box
culvert will be required to carry the design flows. Widening of the stream

to accommodate the box culvert with the existing development in place will

be very expensive. This problem is confined almost solely to private property
and the general public is rarely affected. However, the owners are victims

of circumstances. High flows from upstream development cause damage almost
yearly while the culverts and retaining walls were built at a time when ex-

pected flows were not great.

Structure #13 has been given a low priority for replacement based on its

history of no flood damages over being recorded near this structure. However,
it will flood an adjacent tire retail outlet and an upstream business probably
an average of about once in every 25 years, and eventually should be expanded

or replaced.

48



e ed sy 1 { !

Structure #14 presently can pass with surcharging about a 50 year storm.

However, it can be clogged by floating debris, and upstream development
could change its surcharging capabilities. Also, the CMP pipe appears to
be in only fair condition. Its great length and depth of fill will make

replacement very expensive.

Structure #9 expansion must be considered the sole responsibility of the

owners of these buildings. While improving the passageway beneath these
businesses may not be expensive, liabilities associated with any cooper-
ative venture could be incurred if floors, walls or ceilings were displaced
as a result. Flooding has never occured on first-floor levels, and the
owners may choose to incur the costs of damages rather than the costs of

reconstruction.

The Penn Hills Shopping Center

Frequent flooding of Rodi Road is resulting because storm runoff from the large,
steeply sloped parking areas of the Center are poorly contained, and frequently
overload the collection system. Flowing quickly down the long and often un-

broken stretch of bituminous surface, the runoff concentrates at the curbs separating
the parking lot and Rodi Road. Then flowing over the curb or escaping containment

at curb cuts made for entrance roads, the pooled runoff in a low section often

requires the closing of Rodi Road until the storm has passed.

On the basis of information available, it appears that an inadequate number and/or
the placement of storm inlets is the reason the excess runoff from the Shopping
Center often inundates Rodi Road. Following are recommendations for approaching

and rectifying the runoff problems from the Shopping Center.
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(1) An in-depth study of the collector lines and storm inlet adequacies
should be completed by the Shopping Center's owners, or some
interested party.

(2) Some of the likely corrective actions of the study would include:
*Traffic control islands might be placed laterally across the

parking areas, along equal elevation contour lines, directing

water to the storm inlets.

*The center portion of the islands might be excavated as a detention
area. A french drain would then be located at the bottom and tied
to the Shopping Center's collection system. Large stones could be

used to fill the void, while cuts in the curbing would allow runoff
to enter.

*At the bottom of the parking area adjacent to Rodi Road, the curbs
could be redesigned to contain runoff, directing it to a new,
expanded storm sewer system.

*Adjacent to Rodi Road and on Shopping Center property, oversized
pipes designed to store runoff could be placed parallel to the
existing collector lines.

(3) PennDOT should be requested to place open-top drains at all entrances
to the Shopping Center from Rodi Road. This is based on PennDOT's

approval of these curb-cuts, apparently without consideration for

the impact of the runoff on Rodi Road and downstream properties.

Controlling Runoff From New Development

Analysis of sub-area hydrographs in Appendix C indicates that increased runoff

from future development could lead to an increased Duffs Run flood threat. Of
particular concern is the pqtential for large increases in runoff from Sub-Area 4
(along Duff Road) and Sub-Area 6 (above Tulip Road). Both have significant

tracts of land open to development and, if runoff is uncontrolled, could lead to
increased flows from each area about 50 percent greater than at present. Particular
concern should be shown these areas by the Penn Hills' Code Enforcement

Department.
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The Municipality of Penn Hills recently enacted a stormwater management section
as part of their Site Plan Ordinance (#1509) to control runoff from new develop-
ment. With several improvements, and proper administration and enforcement,

the regulations, in effect since September 4, 1980, are adequate for compelling
developers in the Duffs Run Watershed to control new runoff generated at their
sites. The ordinance is based on the comprehensive plan for the Turtle Creek

Watershed, prepared by the Turtle Creek Watershed Association.

The Penn Hills ordinance requires that increased runoff be controlled only up

to the 25 year design storm. This is in keeping with the plan for the Turtle
Creek Watershed, which also calls for a general 25 year design storm, but which
also suggests a 100 year design storm for "heavily impacted watersheds." Duffs
Run by any standard must be considered a heavily impacted watershed, and it is
recommended that the Municipality upgrade the stormwater ordinance requiring a
100 year design storm for sizing controls in the Duffs Run Watershed. Also,
subdivisions with less than.10 lots are at present not controlled. The ordinance
should be upgraded to require all developing tracts in the Watershed to have

runoff controls. The 100 year storm is the minimum acceptable by DER.

The appendix C hydrographs reveal that any improvements to flow in Duffs Run
between the Penn Hills Shopping Center and the Rodi Road culvert could be even
more damaging than the uncontrolled runoff. Sub-Areas 1, 2 and 3 show peak

flows that occur long after the entire Duffs Run Watershed crests.

Improvements to the Duffs Run channel will cause a decrease in the travel time
between points. This could cause the large contributing portions of these
hydrographs to coincide with the overall watershed peak flow, resulting in a

much higher crest in the main channel.
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Funding Availability

To a large extent, the timing and capability of replacing undersized culverts

will depend on locating monies other than tax monies from the Municipality, or

private funds from individual land owners. Following is a "shopping list" of

possible

1'

gources of supplemental funds.

Federal Community Development Funds allocated to Penn Hills are a
source, but competition for these increasingly scarce monies is keen.
The Pennsylvania State Department of Transportation is obviously
responsible for the flooding at the Route 791 culvert (Structure #5).
Every effort should be made by the Municipality and area legislators
to obtain PennDOT's financial committment to the elimination of this
problem.

The Division of Water Resources Projects of DER is responsible for
large stream improvement projects that may qualify for state financial
participation. During the summer of 1982, DER made an evaluation of
Duffs Run and determined that the costs/benefits ratio was not satis-
factory for a comprehensive project. However, new development low in
the basin, or improvements to portions of the inadequate system could
change the ratio and allow a state re-evaluation.

The Stream Improvement Section of DER provides monies (out of DER's
operating budget) for limited-sized (single structure) stream improve-
ments. This Section is particularly receptive to emergency circum-
stances and should be notified if a culvert collapses and flooding is
imminent.

The Stormwater Management Division of DER might be a source of funds
for an inovative project, at least for the plamning portion. This
Division is now formulating guidelines for stormwater control, and
might be interested in a project establishing retroactive controls

such as those needed at the Penn Hills Shopping Center.
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Implementation

Barring any large committment of financial aid by the State for a comprehensive
project, it would be the responsibility of each property owner to subsidize the
repair of a culvert on his land. No doubt implementation of any project will
be based on the desire of each owner for action because of flood damages he is
suffering to his property and the availability of supplemental financial aid,

possibly from the Municipality.

There are three exceptions. Action on the State Route 791 culvert which is the
responsibility of PennDOT should be requested immediately by the Municipality.
Also, repair of the culvert under Tulip Road should be further studied and
possibly included in the Municipality's Six-Year Capital Improvement Plan.
Finally, the culvert under Duff Road eventually should be expanded by the
Municipality, although there is presently no history of flood damages caused

by inadequacies of the present culvert.

With the remaining culverts, it may be in the Municipality's interests to
participate with the land owner in repairs. Based on precedents established
at a number of other drainage problem areas, the Municipality might provide a
subsidy for a percentage of the project costs. The project timetable would
then be set by owners desiring to replace undersized structures slated for
improvement in this report, in cooperation with the Municipality of Penn

Hills, and after obtaining proper permits from PennDER.
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APPENDIX A

Photographs of Hydraulic Structures
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APPENDIX B
Duffs Run Watershed Land-use Data by Sub-Area
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APPENDIX 'B"

1982
LAND USE

DUFFS RUN WATERSHED

(In Acres)
Watershed
Sub Areas: 1 2 3 4 5 6 7 8 Totals:
Open Space 2.2 21.6 13.3 37.1 12.6 20.2 41.0 28.4 176.4
Residential
Lot 1/8 Acre 15.8 15.1 38.9 19.8 5.8 1l4.4 7.9 - 117.7
or less
Lot 1/4 Acre - o7 1.1 1.4 2.5 - - - 5.8
Lot 1/2 Acre 1.4 9.0 - 4.0 1.4 - - - 15.8
Lot 1 Acre - 2.2 - 7.9 3.2 - 1.8 - 15.1
or more
Commercial/Business
Roof 16.6 1.1 3.3 1.1 3.6 1.1 1.8 1.1  29.7
Parking Lot 30.6 1.8 3.2 2.9 4.0 1.5 2.9 1.1 48.0
Commercial A - o7 1.1 3.2 1.1 5.0 - 11.5
Af fected
Manicured 5.0 2.2 1.8 - 7.6 - N - 17.0
Open Space
Roads & Appurtan. 14.8 9.4 8.3 5.8 5.4 10.8 6.5 16.2 77.0
Total Acres: 86.8 63.0 70.6 81.0 49.3 48.6 67.3 46.8 513.4

64



t._.__——J = = =]

.

]

APPENDIX C

Hydrograph Computer Analysis by Sub-Area
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ANALYZING HYDROGRAPHS

This appendix contains 100 year storm hydrographs for past, present and future
land-use conditions measured at three selected points. Checkpoint (1) is located
at the confluence of Duffs Run with Chalfant Run, Checkpoint (2) is measured

pear the Rodi Road culvert opposite to the Long Printing establishment, and
Checkpoint (3) is below where Duff Road crosses puffs Run. Each basin

hydrograph is a composite of up to eight Sub-Area hydrographs, depending on the

measuring point.

The hydrographs were computer generated using the Soil Conservation Service's
"rabular Method," with a correction factor (necessary when watersheds are under
one square mile) based on the local flood history, gauging of the stream and
comparison with other flow-generating methods. U. S. Weather Bureau Type Il
rainfall distribution, in which the high rates of runoff from small areas are

usually generated by thundershowers, was a basic input.

Type II rainfall distribution is based on a 24-hour storm and is arranged with
the greatest 30-minute depth occurring between 11:30 and 12:00 (about 40 percent
of total rainfall). In the Pittsburgh area, this would result in about 2 inches

of rain falling in the 30-minute period for a 100-year storm.

The hydrographs are presented here both as an aid to area land-use planners and
engineers, and as an academic exercise. They generally allow for analysis of
both contributions from different portions of the Duffs Run basin and runoff
timing, and show the effects on peak flows of the increasing impervious nature

of the overall watershed.

In analyzing the data, it is important to note the increases in peak flows of

each Sub-Area (circled) from past through future conditions, and to observe each
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Sub-Area's contribution to the overall watershed (bottom figure) in the peak
runoff columns. Other important considerations are the decreases in time re-
quired for both the Sub-Areas and the basin to peak (after the 30-minute intense
rainfall) as the percentage of imperviousness of the basin increases and channel

improvements occur.

Past land cover was considered to be mature hardwood forests which originally
covered this area. Present land use is identified in Appendix B. Future land
use conditions were generated by determining land at 25 percent slope or less,
and then saturation developing the land according to the present zoning capability.
Consideration was given to decreased time-of-concentration resulting from storm
sewers assoclated with development, but the "future" hydrographs do not fully
show results of hydraulic improvements in the main channel, which cannot at this
time be forecast. This will likely result in some attenuation of the peak flow

of the "future' hydrographs.

About the SCS Tabular Method

The technical data presented herein is not intended for all levels of perception.
Understanding the hydrographs requires some prior knowledge of hydrology. Briefly,
the SCS "Tabular Method" uses a synthetic unit hydrograph to predict runoff

flows from ungaged watersheds.

The values for the unit hydrograph were determined from SCS studies over the
last 35 years which have resulted in empirical relationships between 1 inch of
rainfall and runoff from a 1 square mile area. The hydrographs generated for
Duffs Run represent the tunofé distribution over a 24-hour period for a 100 year
design storm, given the values of land cover, soil permeability, watershed area,

slope, time-of-concentration and travel-time through the main channel, as they

bear on a selected point. (Full input data for the computer projections is on
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file and available at the TCWA offices to responsible parties on request.)

What a reader sees when he observes the hydrographs for Checkpoint 1 (at the
mouth of Duffs Run) is the tabular representation in flows from eight

Sub-Areas (S.A.) as they affect Duffs Run at the mouth. All values in the

tables are in cubic feet-per-second flows. (The values have been rounded by
the computer and may not "add.") Also, while only six hours of runoff is shown,

this is the bulk of the direct runoff from the storm, the remainder is negligible.

The values in each row identify the hydrographs for that Sub-Area, as it
contributes to the flow at the mouth. (If a hydrograph for a Sub-Area were
measured at the perimeter of the Sub-Area, a completely different hydrograph

would result, and the peak flow would be greater.)

The bottom value below the dashed line is the watershed flow at that time, and
is the summation of all Sub-Area contributions shown in the column directly
above. Thus the watershed peak occurs when the sum of the Sub-Area contributions

are the greatest.

Analyzing Checkpoint 2

Analysis of the Checkpoint 2 hydrographs (at the most critical flood area on
Duffs Run) is used here as an example of some of the conclusions that can be made
from the hydrographs. Generally, the larger numbers in the bottom lines of the
"Past," to "Present," to "Future' hydrographs show that considerably greater
amounts of water are, and will be, affecting Duffs Run over what occurred in the
past. By multiplying each figure by the time interval preceding it, you can then
add the results, which will show the approximate total runoff volume from that

storm.
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(Any runoff before 11:00 and after 5:00 is negligible.) The increase from the

"pagt" to the "Present" total is the approximate increase in runoff resulting

from changing land use.

Not only is there more water now running off of the new land cover, but storm
sewers in the developments and culverts in the main channel have changed the
time required for water to concentrate and leave the basin. This is shown by
the cresting of the Sub-Areas (circled) which have decreased sharply in time

relative to the peak rainfall (that occurs just before the 12:00 mark.)

This has resulted in the larger amounts of runoff from development being
compressed into a shorter runoff period. Thus the resultant peak flow of the
watershed is much larger. Comparing the "Past" peak flow of 225 cfs with the
present peak flow of 637, we observe about a three-fold increase over original

peaks.

Further analysis shows Sub-Area 1 contributed about 25 cfs to the watershed peak
flow of 225 cfs under "Past" conditions. Presently, it contributes about 191 cfs.
In the future it may contribute less, primarily because the overall watershed

peak will move closer in time to the peak rainfall as a result of storm sewer
improvements at developments in Sub-Areas 3, 4 and 6. But major improvements

in the hydraulics of the main channel could again realign the Sub-Area I high
flows with the overall watershed crest. Of course, this would result in more

extensive flooding at Checkpoint 2.

A worst-case scenario might be one where channel improvements caused the peak
flows in Sub-Areas 1, 2 and 3 to coincide with the overall watershed peak.

Instead of a 681 cfs future peak flow, the result would be a peak of 979 cfs,
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Almost a 50 percent increase. Conversely, improvements to the channel
downstream and in the vicinity of Checkpoint 2 would lower the peak at

Checkpoint 2, but might cause a problem downstream.
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