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Progress Report Topics
1)Model Development and Testing
2)Flooding in the PennypackWatershed
3) Site Surveys and BMP Opportunities
4) Development Scenarios



Model Development
and Testing

ÅTesting of Original
10 Subasin Hydrologic
Model

ÅDevelopment of 
Revised  Hydrologic
Model
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Testing of Original 10 Subasin Model

ÅThe 10 subbasin model was originally calibrated for eight large storm

events and used in the updated flood insurance study for the Pennypack.

ÅWith the assistance of the Philadelphia Water Department, the 10        

subbasin model was tested for 2007 and 2008 precipitation events.

Å15-minute interval precipitation data measured at eight stations in or 

near the watershed was provided by the Water  Department.  Data for 

four of those stations was purchased by the Department from Weather 

Bug, Inc.

ÅThiessen polygons were used to determine weightings for each gage 

and distribute the precipitation for each event to the 10 subbasins.

ÅThe USGS stream gaging station at Rhawn Street was used to 

compare predicted vs. observed data for 60 precipitation events.
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Thiessen Polygons Used for 
Precipitation Gage Weighting

Subbasin 1

Subbasin 2

Subbasin 3

Subbasin 4

Subbasin 5

Subbasin 6

Subbasin 8

Subbasin 7

Subbasin 9

Subbasin 10

PWD Precipitation Gage

Weather Bug, Inc. Precipitation Gage

USGS Stream Gaging Station
Rhawn Street Stream Gage



HRSHM WRMIN HTBRO ABGTN RG3 RG10 RG24 RG4

Subbasin 1 0.789 0.128 0.083

Subbasin 2 0.281 0.569 0.150

Subbasin 3 0.582 0.418

Subbasin 4 0.361 0.308 0.332

Subbasin 5 1.000

Subbasin 6 0.828 0.093 0.079

Subbasin 7 0.025 0.752 0.222

Subbasin 8 0.082 0.086 0.832

Subbasin 9 0.814 0.186

Subbasin 10 0.360 0.101 0.539

Weightings for Precipitation Gages
Weightings are the fractions of a subasin that are assigned to a particular gage

Precipitation Gages



*The model was run for

2007 and 2008

rainfall events.

*60 different events were 

modeled.

*Predicted peak flow and

volume from the model

were compared to 

observed data at the

USGS gaging station at

Rhawn Street.
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Observed flow at USGS Stream Gage at Rhawn Street
Analysis of results was performed by the Philadelphia Water Department

Test  Results for Sixty Precipitation Events ï2007-2008

The model output for each of 60 events and compared to Observed Data



Observed volume at USGS Stream Gage at Rhawn Street
Analysis of results was performed by the Philadelphia Water Department

Test  Results for Sixty Precipitation Events ï2007-2008
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Pennypack Watershed Delineation for Detailed Model

ÅThe Original model had 10 subasinsand 6 reaches
ÅThe new model has 68 subasinsand 50 stream reaches
ÅSmall subasinswere delineated using WMS software and

were edited using ArcMapand PWD boundaries for
sewer sheds within the Philadelphia city limits.



The new hydrologic model was developed using HEC-HMS and the
NRCS Curve Number Method for the 68 subasins

Separate models

for each of the 10

large subasins were

also created for testing

against the original model.



Physical Characteristics of the Pennypack Watershed
Dense Development with Open Main Stem Corridor in Mid and Lower Reaches

Elevation Existing Land Use



Physical Characteristics of the Pennypack Watershed

Soil Erodibility RatingHydrologic Soil Group



Pennypack Watershed

Runoff Curve Numbers

Composite Values for

2005 Land Use
(Includes Impervious Cover)

Less than 70

70-75

75-80

80-85

Greater than 85

Based on 2005 Land Use Data from the DVRPC and on NRCS Soils Data

Curve Numbers are a function of Soil Group 

and  land use and determine the relative

runoff volume for a given storm event.





Comparison of Model Results for Design Storms ςPennypack Creek Watershed  
-Peak flows and volumes for 1 year thru 500 year events have been compared at
junctions and for large subasin outlets

Original 10 Subasin Model Detailed Model ς68 Subasins

Junction 4.4

Junction 7.5

Junction 9.7 (Rhawn St.)



0

500

1000

1500

2000

2500

3000

3500

4000

4500

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

P
e
a

k 
d

is
ch

a
rg

e
  cf
s

Time 

Original Model

Trial Model A 

Trial Model B
(M-CRouting 5 and 6)

Trial Model C
(M-C Routing 5,6,and 7)

Several Versions of the Model Have Been Tested to Obtain the Best Overall Match
Subasin Lag Times, Initial Abstraction, and Reach Routing Methods Have Been Varied

1-Yr Event at Rhawn Street Gage
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1-Yr Event at Rhawn Street Gage
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(M-C Routing 5,6,and 7)

1-Yr Event for Subasin 5 

Other Model Trials
(with Modified Puls Routing for 5,6, 7)

Although it Overpredicts Peak Flows at Rhawn Street, Trial Model C Provides

The Best Overall Peak Flow Match for the Individual Subasins. 
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In the Absence of Subasin Gages, Trial Model C is the Most Conservative Approach



2)  Flood Problems in the Pennypack Watershed

ÅRunoff Volumes from Smaller Storms

ÅErosion

ÅOvertopping of Bridges

ÅFlood Damage to Property



Runoff > 1.5ò

Runoff  = 1ò-1.5ò

Runoff  = .5ò-1.0ò

Runoff volumes are

for a 24 hour design

storm with 2.74ò of

rainfall.

1ò of Runoff= 53.3 AF

Runoff  Volume

1-Yr Storm
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Precipitation Events 2007 
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Subbasin6

Subbasin9

Many existing detention facilities do not retain significant runoff from small events.

These events account for a large portion of annual runoff volume.

Precipitation Data Provided by the City of Philadelphia Water Department



Erosion Problem

Areas Identified

From Field

Observations

*Any additional municipal

input on flood problem 

sites would  be useful.



Bridges and Overtopping

Bridges included

In HEC-RAS Model

186 Bridges

were included in the

HEC RAS Modeling

in the suburban

municipalities.



Bridges Most Frequently Flooded

> 1-Yr Storm

> 2-Yr Storm

> 5-Yr Storm

> 10-Yr Storm

Overtopped By:



Example Flood Prone Bridge:  Philmont & Red Lion Rds. in Lower Moreland Twp.

*Bridges include public roads as well as private access and golf cart paths

Overtopped by 1-Yr Storm

Overtopped by 2-Yr Storm



Same location showing 100 Year floodplain

Overtopped by 1-Yr Storm

Overtopped by 2-Yr Storm



The published flood study indicates that Philadelphia City bridges over

the main stem of the Pennypack are not overtopped by smaller storms

Pine Road                                 Overtopped by 100 Yr and 500 Yr

Veree Road Not Overtopped

Conrail Bridge Not Overtopped

Krewstown Road                       Overtopped by 500 Yr

Bustleton Ave                            Overtopped by 100 Yr and 500 Yr

Roosevelt Blvd.                         Not Overtopped

Rhawn Street Not Overtopped

Welsh Road                               Not Overtopped

Conrail Bridge                            Not Overtopped

Frankford Ave.                           Overtopped by 500 Yr

Torresdale Ave.                          Overtopped by 500 Yr

Hulme Ave.                                Not Overtopped

Conrail Bridge                            Not Overtopped     

*  Pine Road and Bustleton Ave probability of overtopping

appears closer to 1 in 50 using new discharges.



Pennypack Watershed
Damage Areas Based on
Flood Insurance Claims

1978 to 2007
This slide shows  
areas with the
highest density of 
flood insurance claims
during the past 30 years.

It does not show all flood
damage locations 
because not all floodplain
residents purchase
flood insurance.

Philadelphia

Bryn 
Athyn

Lower Moreland

Upper Moreland

Abington

Rockledge

Jenkintown

Upper
Southampton

Warminster

Horsham

Hatboro

Upper
Dublin

Source of Flood Claims Data:
Federal Emergency Management  Agency

Huntington
Valley Creek

Pennypack Creek

Southampton Creek

Flood Insurance Claim

Repeat Flood Insurance Claims

$4.7 million

$3.0 million

$0.7 million

Flood Insurance Claims



Potential Damage Concentrations Within100-Yr  Floodplain Boundary

Site A

Site E

Site B

Site C

Site D



Site A:  Southampton Creek and Tributaries near PA Turnpike 

Upper Moreland Twp. ïBetween Pioneer and Heaton Roads  ~ 20 Structures



Site B:  Huntingdon Valley Creek along Philmont Rd. (Rt. 63)

From upstream of Red Lion Rd. to Rte. 232 (Huntingdon Pike)  ~50 Structures


