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STUDY NARRATIVE

1.0 PROJECT DESCRIPTION

In response to consistent flooding within Lower Gwynedd Township around the Houston Creek,
tributary to the Wissahickon Creek, the Lower Gwynedd Board of Supervisors applied to, and
were subsequently awarded funds from the Commonwealth Financing Authority — Flood
Mitigation Program for a study of the subject area. The goal of the study being to identify
potential projects which could be implemented to reduce the frequency and severity of flooding
in the area.

The total study area is the 280-acre Houston Creek watershed, as identified on the aerial map
contained in Appendix A. Also included within Appendix A is FEMA Flood Insurance Map
42091C0286G, which identifies the project area as containing Zone A (100-year floodplain with
no Base Flood Elevations). Available existing HEC-RAS (Hydraulic Engineering Center —
River Analysis System) data was received from FEMA and used as a base for the HEC-RAS
calculations compiled as part of the project. An on-site survey was performed to supplement the
data received from FEMA and generate accurate cross sections at various obstructions (bridges,
culverts, dam, etc.) throughout the study section of the creek. The existing drainage area was
estimated using a combination of available LiDAR (light imaging and ranging) contours, aerial
photography, land development plans, and on-site investigations. Runoff calculations were
completed utilizing the SCS (Soil Conservation Service) 24-hour Type II storm distribution with
inputs from the NOAA (National Oceanic and Atmospheric Association) Point Precipitation
Estimates for this location in Lower Gwynedd. The runoff analyses were completed for the 2-
year and 100-year recurrence intervals.

The study is structured into three separate analyses: Conveyance Capacity at creek obstructions,
Runoff Rate / Volume reduction, and investigation and evaluation of localized neighborhood

flooding issues.

2.0  STUDY ANALYSES

2.1 CONVEYANCE CAPACITY ANALYSIS

The stream begins at headwaters just north of an existing dam on the Wissahickon School
District property. From the outlet of the gabion dam, the creek flows south before
crossing under Knight Road via a box culvert, then traversing the rear yards of residential
properties along Brookside Avenue and Marion Avenue before crossing under Spring
Garden Street via a box culvert and continuing under the parking lot for the Ambler
Yards development. The creek continues in a combination of box culvert and triple 36”
reinforced concrete pipes as it travels under Building #19 within the Ambler Yards
development before entering an open channel and discharging under SEPTA tracks via a
combination box culvert and elliptical corrugated metal pipe. @ From the dam to the
SEPTA culvert, there are various obstructions within the creek that were analyzed using
Mannings Equation for open channel flow. The purpose of the analysis was to determine
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if any “pinch points” exist where capacity is substantially reduced due to inadequate
capacity at an obstruction that doesn’t match the upstream and downstream capacity in
the stream channel. = The following pages contain photographs of various obstructions
within the creek along with their corresponding capacities as calculated utilizing
Mannings Equation:






Knight Road Culvert - Upstream



Knight Road - Downstream

Box Culvert in Knight Road

Open-Channel Flow Calculations - Rectangle

Q= Av
= (1.49/n)ARA(2/3)SM(1/2)
n= 0.013 concrete or RCP
= 2.667 ft= 32 in (depth of rectangle)
w = 8.000 ft = 96 in (width of rectangle)
= 21.33 ft* (Area of rectangle)
P= 21.33 ft (Wetted Perimeter)
R= 1.000 ft (Hydraulic Radius)
S= 0.0565 = 5.65%
Length = 55 ft

Top Elev= 242.02

Bottom Elev= 238.91

Q= 581.43 cfs

v= Q/A= 27.25 ft/s




PED BRIDGE 450 MARION AVE.

4’ high x 10’ wide opening available for flow.



SLAB BRIDGE 448 MARION AVE.



Box Culvert Driveway Bridge

Open-Channel Flow Calculations - Rectangle

Q= Av

= (1.49/n)ARM(2/3)S7(1/2)

n= 0.013 concrete or RCP
d= 4.333 ft= 52 in (depth of rectangle)
w = 11.000 ft = 132 in (width of rectangle)
A= 47.67 ft’ (Area of rectangle)
P= 30.67 ft (Wetted Perimeter)
R= 1.554 ft (Hydraulic Radius)
S= 0.0575 = 5.75%
Length = 12 ft

Top Elev= 236.55

Bottom Elev= 235.86

Q= 1,757.88 cfs

v= Q/A= 36.88 ft/s




DRIVEWAY BRIDGE 446 MARION AVE.

2 RCP Pipe Culvert Driveway Bridge

Open-Channel Flow Calculations - Full or 1/2 Full Circle

Q= Av

= (1.49/n)ARM2/3)SA(1/2)

n= 0.013 concrete or RCP

d=D= 3.667 ft= 44 in (depth of water = diameter of pipe)

= 5.28 ft’ (Area of pipe)

= 9.43 ft (Wetted Perimeter)

= 0.560 ft (Hydraulic Radius)

S= 0.0567 = 5.67%

Length = 12 ft

Top Elev= 234.71

Bottom Elev= 234.03

Q= 97.88 cfs

v= Q/A= 18.54 ft/s

Total Flow Capacity = 195.8 cfs






Second Stretch of Culvert in Spring Garden Street:
One 8'x4' RCP Box

Open-Channel Flow Calculations - Rectangle

Q= Av

= (1.49/n)ARMN(2/3)S7(1/2)

n= 0.013 concrete or RCP
d= 4.000 ft = 48 in (depth of rectangle)
w = 8.000 ft = 96 in (width of rectangle)
A= 32.00 ft* (Area of rectangle)
P= 24.00 ft (Wetted Perimeter)
R= 1.333 ft (Hydraulic Radius)
S= 0.0227 = 2.27%
Length = 391 ft

Top Elev= 210.00

Bottom Elev= 201.13

Q= 669.20 cfs

v= Q/A= 20.91 ft/s

*Capacity reduced to 250 CFS if assume rock / silted bottom.



36” PIPES UNDER BUILDING 19 @ AMBLER YARDS

(3) 36" PIPES UNDER BUILDING #19

Open-Channel Flow Calculations - Full or 1/2 Full Circle

Q= Av

= (1.49/n)ARM2/3)S7(1/2)

n= 0.013 concrete or RCP
d=D= 3.000 ft = 36 in (depth of water = diameter of pipe)
A= 7.07 ft* (Area of pipe)
P= 9.42 ft (Wetted Perimeter)
R= 0.750 ft (Hydraulic Radius)
S= 0.0152 = 1.52%
Length = 165 ft

Top Elev= 202.50

Bottom Elev= 200.00

Q= 82.32 cfs

v= Q/A= 11.65 ft/s

Total Flow Capacity = 247 cfs



Looking from Building 19 toward SEPTA



SEPTA CULVERT @ AMBLER YARDS



SEPTA CULVERT - AMBLER YARDS

Open-Channel Flow Calculations - Full or 1/2 Full Circle

Q= Av

= (1.49/n)ARMN(2/3)S7(1/2)

n= 0.013 concrete or RCP
d=D= 5.500 ft = 66 in (depth of water = diameter of pipe)
A= 23.76 ft” (Area of pipe)
P= 17.28 ft (Wetted Perimeter)
R= 1.375 ft (Hydraulic Radius)
S= 0.0100 = 1.00%
Length = 100 ft

Top Elev= 198.00

Bottom Elev= 197.00

Q= 336.71 cfs

v= Q/A= 14.17 ft/s

Open-Channel Flow Calculations - Rectangle

Q= Av

= (1.49/n)ARMN(2/3)S7(1/2)

n= 0.013 concrete or RCP
= 5.167 ft= 62 in (depth of rectangle)
w = 4.000 ft= 48 in (width of rectangle)

= 20.67 ft* (Area of rectangle)

= 18.33 ft (Wetted Perimeter)

= 1.127 ft (Hydraulic Radius)

S= 0.0100 = 1.00%

Length = 100 ft

Top Elev= 198.00

Bottom Elev= 197.00

Q= 256.57 cfs

v= Q/A= 12.41 ft/s

Total Flow=Q= 593.28 cfs
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Based on the calculations, there are two identified “pinch points” where flow within the
creek is being significantly impacted by culverts that do not have adequate capacity to
convey flow. The first “pinch point” is a concrete bridge culvert that serves as the
driveway to the rear of a dwelling located at 446 Marion Avenue. The subject culvert has
the capacity to convey 195 cubic feet per second while the immediately upstream box
culvert under Knight Road has capacity to convey 580 cubic feet per second. The drastic
capacity reduction of at the driveway culvert causes overflows onto Brookside Avenue.
Since this driveway culvert is situated on private property, outside of the Township’s
right-of-way, the recommendation is for the Township to work with the property owner
to have the driveway bridge either removed or replaced with a box culvert that will have
increased capacity.

The other identified “pinch point” is on the Ambler Yards property where creek
transitions from a 4’x8’ box culvert with 670 cubic feet per second of capacity to a
configuration of three (3) 36” pipes with a total capacity of 247 cubic feet per second.
The recommendation to Ambler Yards is to explore replacing the triple 36 pipes with a
12°W x 3’H box culvert that would have capacity to carry 700 cubic feet per second.

Lastly, the additional recommendation that comes out of the performed capacity analysis
is related to the Township engaging PennDOT to discuss continued maintenance of the
culvert that carries the stream under Spring Garden Street. This culvert is owned by
PennDOT and at the time of investigation there was observed accumulated sediment in
the bottom of the culvert. Accumulated sediment and debris have the potential to
significantly reduce the carry capacity of the culvert so continuous maintenance is key to
keeping the maximum capacity ahead of large rain events.

2.2 RATE / VOLUME REDUCTION ANALYSIS

In conjunction with the capacity analysis, runoff rate/volume calculations were conducted
to identify existing flows to certain study points and then calculate the rate reductions that
could be achieved by implementing stormwater facilities which would serve to reduce
rate and volume of runoff to the creek.

For rate analysis, study points of Knight Road, Spring Garden Culvert, and SEPTA tracks
culvert were utilized to demonstrate the potential rate reductions that can be achieved.
Proposed Best Management Practice (BMP) locations were identified via desktop
analysis, site walks, and evaluation of available land development plans.  Existing
stormwater BMPs within the study area are very limited and consist of a basin adjacent to
the Wissahickon School District (WSD) administration building, an existing dam on the
WSD property, and an underground basin that was installed on Ambler Yards property as
part of a redevelopment in 2018. Existing & Proposed BMPs are delineated on the aerial
exhibit plan included in Appendix B of this report.
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Potential BMP locations were identified as the following:

Retrofit Existing Dam w/ Multi-Level Outlet Structure

The existing dam on the WSD property is constructed of concrete and gabion baskets
with a singular outlet pipe located at the bottom of the dam. The outlet pipe is a 30”x48”
elliptical pipe that doesn’t provide much rate reduction in smaller storms. The potential
exists to install a smaller orifice at the bottom of the dam to attenuate the smaller storms
and then have a larger discharge at higher elevations to control against overflow in larger
rain events. However, when evaluated and routed through the Hydroflow modeling
software, this option proved unfeasible because while the flow rate was reduced in
smaller storms (1-year to 5-year), it was increased in larger storms (10-year to 100-year).
All runoff calculations and routings are included in Appendix C. Below table provides a
pre/post rate comparison for the outlet structure reconfiguration:

MODIFY DAM OUTLET CONTROL STRUCTURE

PEAK FLOW SUMMARY (DAM OUTLET)

1YR 2YR 5YR 10 YR 25 YR 50 YR | 100 YR
Pre-Development Flow (cfs) 101.3 122.5 143.6 155.3 188.8 303.9 452.9
Post-Development Flow (cfs) 58.7 75.1 133.8 161.0 267.2 389.1 545.2

Flow Reduction (%) -42% -39% 7% 4% 42% 28% 20%

Enlarge Dam Impoundment & Modify Outlet Structure

To provide rate reductions in all storms, it was determined that increasing volume behind
the dam was necessary in addition to modifying the outlet control structure. To achieve
the additional capacity volume, a forest area would need to be cleared along with the
excavation and removal of the earth. It’s unclear at this time whether rock excavation
would be required; however, due to the proximity to the creek bed, it is assumed that
some rock would need to be removed to achieve the volume considered in the routing
calculations. Rate reductions from this alternative are in the tale below and represent
reductions across all analyzed storms:

MODIFY DAM OUTLET STRUCTURE /INCREASE IMPOUNDMENT AREA

PEAK FLOW SUMMARY (KNIGHT ROAD)

1 YR 2 YR 5 YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 178.2 224.7 288.0 338.3 424.8 624.9 883.5
Post-Development Flow (cfs) 83.2 120.6 177.6 231.8 310.4 387.6 489.4
Flow Reduction (%) -53% -46% -38% -81% -27% -38% -45%

PEAK FLOW SUMMARY (AMBLER YARDS)

1 YR 2 YR 5 YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 241.9 312.5 410.1 490.2 628.3 870.6 1188.9
Post-Development Flow (cfs) 144.7 206.2 299.8 387.9 509.0 636.1 772.1

Flow Reduction (%) -40% -34% -27% -21% -19% -27% -35%
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New Basin (Houston & Knight Road)

While available land for the implementation of new BMPs within the study area is
limited, the corner of Houston & Knight Road was identified as a potential location for a
new stormwater basin. This property is currently wooded and owned by the Wissahickon
School District. Drainage from approximately 21 acres comprised of Houston Road and
the WSD High School parking lot drain through this area before ultimately discharging to
the creek just above the Knight Road culvert. By capturing and providing peak rate
attenuation in this area the potential exists to provide the rate reductions as outlined in the

table below:
NEW BASIN @ HOUSTON / KNIGHT (OPTION 3)
PEAK FLOW SUMMARY (KNIGHT ROAD)

1YR 2YR 5YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 182.2 234.9 308.2 365.3 444.9 546.2 779.6
Post-Development Flow (cfs) 151.6 191.1 2441 284.2 338.8 437.5 638.0
Flow Reduction (%) -17% -19% -21% -22% -24% -20% -18%

PEAK FLOW SUMMARY (AMBLER YARDS)

1YR 2YR 5YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 245.0 321.7 431.5 518.5 643.3 798.7 1096.8
Post-Development Flow (cfs) 215.0 277.6 367.2 440.8 537.3 691.0 952.4
Flow Reduction (%) -12% -14% -15% -15% -16% -13% -13%

Combined Flow Reduction (Houston/Knight Basin & Dam Enlargement)

The analysis was run to determine the maximum flow reduction that could be achieved in
this part of the drainage basin by implementing both potential improvements:

NEW BASIN (HOUSTON / KNIGHT) + DAM ENGLARGEMENT/MODIFICATION

PEAK FLOW SUMMARY (KNIGHT ROAD)

1 YR 2YR 5 YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 182.2 234.9 308.2 365.3 444.9 546.2 779.6
Post-Development Flow (cfs) 61.7 90.4 137.2 173.1 238.1 287.9 357.5
Flow Reduction (%) -66% -62% -55% -53% -46% -47% -54%

PEAK FLOW SUMMARY (AMBLER YARDS)

1 YR 2YR 5 YR 10 YR 25 YR 50 YR 100 YR
Pre-Development Flow (cfs) 245.0 321.7 431.5 518.5 643.3 798.7 1096.8
Post-Development Flow (cfs) 124.3 175.4 258.0 325.4 437.8 526.0 651.8

Flow Reduction (%) -49% -45% -40% -37% -32% -34% -41%
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2.3 HEC-RAS ANALYSIS

The Hydraulic Engineering Center — River Analysis System (HEC-RAS) was utilized to
analyze the effects of recommended improvements on the floodplain elevation at various
stream cross-sections throughout the study area. Included in the report are exhibits
depicting the existing and proposed limits of the 2-year and 100-year floodplain based on
the following combinations of recommended improvements:

Option A — Remove and/or Increase Capacity at 446 Marion Driveway Bridge

The 2-year flood depth is reduced by 9-23” at cross-sections 2172 and 2110, which are
located immediately upstream of the subject driveway bridge. This depth of flow
reduction correlates to a reduction in the overall width of the 2-year floodplain in this
area and would serve to reduce the frequency of water overflowing the creek banks onto
Brookside Avenue. 100-year flood depth reductions are approximately 2-3” because of
the bridge removal; however, the overall width of the 100-year floodplain is only
nominally affected by this improvement.

Option B — New Stormwater Basin @ Houston / Knight Road

The 2-year flood depth is reduced throughout the entire study area by depths in the range
of 3-10” because of the reduced rates that can be achieved through the implementation of
this project. Additionally, the 100-year floodplain is reduced throughout the study area
by depths between 2-4”. Again, the overall width of the 100-year floodplain is impacted
only minimally from this improvement.

Option C — Enlarge Dam Impoundment & Modify Outlet Control Structure

The 2-year flow depth is reduced in the range of 3-20” throughout the study area and the
100-year flow depth is reduced in the range of 3-10". While this improvement
represents the most improvement in 100-year flow depth of Options A, B, and C, the
width reduction of the 100-year floodplain does not serve to remove buildings from the
limits of the calculated floodplain.

Option D — Combination of A, B & C.

The 2-year flow depth is reduced in the range of 3-34” throughout the study area and the
100-year flow depth is reduced in the range of 4-18”. This iteration of the HEC-RAS
analysis represents the greatest reduction in flow depth for the 2-year and 100-year
storms. While the 100-year floodplain is not reduced to a point where dwellings would
be removed from the floodplain limits, there are several areas along Brookside Avenue
where the width of flow from the 100-year event is reduced by up to 35-feet.
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Option E — Combination of A & B

The 2-year flow depth is reduced between 3-25” throughout the study area and the 100-
year flow depth is reduced between 3-7”. This iteration was run to show the potential
improvement of Options A & B should they be implemented prior to the larger
undertaking that is an expansion of the existing dam.
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2.4 LOCALIZED NEIGHBORHOOD FLOODING

In June 2022 the Township Engineer toured the neighborhood of Brookside Avenue,
Francis Avenue, and Knight Road to talk with residents about the stormwater issues they
have been experiencing to gain a deeper understanding of the drainage area. From those
site meetings came the understanding that the stormwater issues are not solely related to
flooding in the creek, but additional problems exist throughout the area primarily related
to inadequate or undersized existing stormwater infrastructure.

In response to information from residents along Brookside Avenue and Francis Avenue
confirming stormwater overtopping curbs in heavy rain events, the Township
commissioned Sewer Specialty Services to conduct TV inspection and cleaning of the
storm pipes within this area to evaluate the condition as well as determine if any
blockages existed that could be contributing the experienced drainage issues. The results
of the inspections were that the pipes are in good condition and no blockages were
observed.

From site observations and desktop evaluation of the available LiDAR contours, it
appears that stormwater is flowing down Francis Avenue from Knight Road where the
general topography of the area suggested that historically the gutter flow had continued
down Knight towards the Creek. In recent years there have been a few watermain breaks
that resulted in the need to excavate and repave portions of the roads in this
neighborhood. One of those such breaks was at the intersection of Knight Road and
Francis Avenue. It is possible that when the intersection was repaved after the water
main was repaired, the crown & gutter line were affected enough to direct stormwater
down Francis rather than continuing along Knight as would have been the case
historically. A recommendation of the study will be to gather detailed survey
information of that intersection to determine if regrading can help alleviate some of the
stormwater problems experienced by residents on Francis Avenue and the rear yards of
residents on Brookside Avenue. An additional recommendation is to evaluate the
potential for additional stormwater infrastructure (inlets, pipes, curbs) within the
neighborhood to reduce the frequency and severity of road gutter and yard flooding.
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3.0 RECOMMENDATIONS

The below list of recommendations is a summary of the items that were identified as
improvements through the various analyses completed in the study. The “Priority Level” is
intended to assist the Township is determining how to utilize funds as they become available.
Engineer’s Opinion of Probable Cost for improvements can be found in Appendix D.

*Explore potential for replacement of private driveway bridge (serves 446 Marion) to
increase flow capacity. This is a private driveway on private property. Installation of box
culvert in place of the existing structure would significantly increase capacity at this
location. (Priority Level 1)

*Explore roadway drainage improvements (inlets, pipes, re-grading intersections, etc.)
within areas of Knight, Francis, Brookside to alleviate street / yard flooding. Evaluate and
potentially re-contour Knight/Francis Intersection. (Priority Level 1)

*Explore partnership with Wissahickon School District for construction of new basin at
corner of Houston & Knight Road and retrofit of existing basin near admin building.
These improvements have rate / volume reduction and water quality potential making
them eligible for many grants. (Priority Level 2)

*Explore partnership with Wissahickon School District for expansion of existing dam or
development of additional stormwater detention, volume reduction, or water quality BMPs
elsewhere on WSD campus. (Priority Level 3)

*Engage PennDOT regarding ongoing maintenance of Spring Garden Street culvert
(Priority Level 3)
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APPENDIX A — AERIAL MAP & FEMA FLOOD MAP
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APPENDIX B — PROPOSED IMPROVEMENT AERIAL MAP
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APPENDIX C — RUNOFF CALCULATIONS & HYDROGRAPHS




