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Section 2:   Watershed Characteristics and Runoff  
 
The hydrology of the Wissahickon Creek and its tributaries varies greatly from place to place within 
the larger watershed. Stormwater management planning must take numerous surface features into 
account, including topography, soils, land use, and impervious cover, as well as existing stormwater 
collection and discharge. This section describes the primary factors defining the storm runoff in the 
watershed.  In addition, because of the close linkage between land cover and runoff, an analysis of 
land development alternatives to meet projected futu re growth is provided.  

 
2.1   Precipitation  
 
For the 30 year period from 1981 to 2010 , precipitation at the National Weather Service (NWS) rain 
gage at Springhouse, PA, in the north-central portion of the Wissahickon Watershed averaged 47.4 
inches.1  Similar annual totals were recorded for NWS stations near the watershed at Norristown 
(48.4 inches) and Conshohocken (48.7 inches).  Additionally, a water budget analysis performed by 
the U.S. Geological Survey for the period 1987-1998 reported an average annual total for the 
watershed of 47.2 inches.2  This annual total, however, is not uniformly  distributed over time, and 
extreme events can produce 8 inches of rain or more in a single day.  Flood events occur at any 
time of  year, and may be caused by different types of weather events including severe 
thunderstorms, tropical storms, or even colder weather events when heavy rains can combine with 
snowmelt.  Rainfall during individual storms is generally not distributed evenly across the 
watershed, and rarely occurs at a constant rate.  Because of its location immediately northwest of 
the Coastal Plain, the watershed is vulnerable to heavy rainfall from tropical weather events.  
Damaging tropical storms in recent years have included Floyd (1999), Allison (2001), Ivan (2004), 
Irene (2011), and Lee (2011).    
 
Table 2.1.A lists design rainfall totals that have been applied to the hydro logic analyses in this 

study.  The design events are based on the PennDOT IntensityȤDurationȤFrequency (IDF) data for 
regions in Pennsylvania.  This data was developed from the latest NOAA Atlas 14 precipitation 
frequency data.  The precipitation totals for the various design events are weighted averages 
because the Wissahickon Watershed is situated at the boundary of PennDOT IDF Regions 4 and 5.  
Approximately 40% of the Wissahickon Watershed is in Region 4 and 60% in Region 5.   
 
In terms of probability, the meaning of design storm frequency is as follows:  a 5 -year event would 
have a 20 percent chance of occurring in a given year; a 10-year event would have a 10 percent 
chance of occurring in a given year, etc.  The rainfall totals in the table provide a means of 
predicting the magnitude of storms for planning and design purpose s.  They are a statistical 
product based on the population of events that have  occurred in the past.  They are not predictive 
of the timing or sequence of individual storm events or their rainfall dis tribution in the watershed.  
For example, the extreme precipitation events caused by tropical storms Floyd and Allison occurred 
less than two years apart.   
 
In addition to total rainfall, the timing of rain during an event affects peak runoff rates.  The design 
storms applied in this study include a period of heavy rain in the middle of the  event.  This is done 

                                                           
1
 NOAA, National Climatic Data Center, 1981-2010 Normals Data Access, http://www.ncdc.noaa.gov/land-based-

station-data/climate-normals/1981-2010-normals-data. 
2
 Sloto, R. A., and Buxton, D. E., Scientific Investigations Report 2005-5113, U.S. Geological Survey, 2005. 
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to mimic the flashy runoff conditions that are usually a part of flood events in watersheds the size 
of the Wissahickon and its tributaries. Additionally, the same rainfall total and timing of  rain is 
applied to the entire watershed simultaneously in the modeling.  While this does not replicate any 
single historic event, it provides a means of evaluating the watershed under a range of runoff 
conditions and gives a measure of the effectiveness of potential stormwater improvements.   
 
Although extreme storm events trigger the most da maging flooding in the Wissahickon Watershed, 
most storms produce less than one inch of rainfall.  These smaller storms produce a significant 
portion of annual runoff.  For this reason, stormwater management measures designed for 
infiltration or extended detention o f these smaller runoff events are effective in reducing non-point 
pollution loadings and stream erosion.  Daily precipitation data for 2010 at the Philadelphia Water 
Departmentôs rain gage No. 21 in the lower portion of the Wissahickon W atershed is presented in 
Figure 2.1.A.   Of the 69 days when more than 0.1 inch of precipitation occurred, only 16 (23 
percent) produced total rainfall  exceeding one inch.  

 
 
Table 2.1.A   Rainfall Totals for 24 -Hour Design Storms  

Based on PennDOT Intensity ȤDuration ȤFrequency (IDF) data for

Regions 4 and 5 in Pennsylvania.

Storm Frequency Total Precipitation (in)

1-Yr 2.75
2-Yr 3.30
5-Yr 4.10
10 -Yr 4.80
25 -Yr 5.90
50 -Yr 6.91
100 -Yr 8.11
500 -Yr 11.83
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Figure 2.1.A    Preci pitation Events in the Wissahickon  Watershed  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
2.2   Surface Features    
 
The Wissahickon Watershed is characterized by gently rolling terrain in the headwaters, a 
moderately sloping valley in the central part of the watershed , and the relatively steep terrain of 
Wissahickon Valley Park in the lower watershed.  The elevations over the watershed range from 12 
feet at the mouth of Wissahickon Creek in Philadelphia to 488 feet in Montgomery and Upper 
Gwynedd Townships.  Portions of Roxboro and Chestnut Hill in Philadelphia have elevations of over 
400 feet, as well as sections of Cheltenham, Montgomery, and Springfield Townships and North 
Wales and Lansdale Boroughs.   
 
Figure 2.2.A provides a graphical presentation of elevation from a Digital Elevation Model or DEM. 
The DEM was created from 2008 LIDAR flown for the PAMAP program of the Pennsylvania 
Department of Conservation and Natural Resources, and was downloaded from the Pennsylvania 
Spatial Data Access website.3 It includes high resolution, high quality data with two -foot contours. 
 
Based on their runoff characteristics, soils of the U.S. are classified by the Natural Resource 
Conservation Service (NRCS) into four hydrologic groups A, B, C, D. Group A soils have low runoff 
potential with high infiltration rates, while Group D soils have high runoff with very slow infiltration 

                                                           
3
 Pennsylvania State Data Access, Penn State Institutes of Energy and the Environment, Penn State University 
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rates. The other two groups are i n between.  Runoff characteristics of various land uses vary with 
the underlying hydrologic soil group designation, and information on the location of hydrologic soils 
groups was used in the hydrologic modeling for this study.  As noted on Figure 2.2.B, h ydrologic 
soils in the Wissahickon Watershed are predominately groups B and C with some D soils. 
 
Group B soils have moderate infiltration rates even when thoroughly wetted and consist chiefly of 
moderately deep to deep, moderately well drained to well drained soils with moderately fine to 
moderately coarse textures. 
 
Group C soils have slow infiltration rates even when thoroughly wetted and consist chiefly of soils 
with a layer that impedes downward movement of water, or soils with moderately fine to fi ne 
textures. 
 
Group D soils have the slowest infiltration rates of the four groups.  Movement of water through 
this soil type is highly restricted due to the so il composition which generally more than 40 percent 
clay.  All soils with a water table within 2  feet of the surface are included in Group D.4   
 
Soil erodibility in the Wissahickon Watershed is depicted in Figure 2.2.C. Soil erodibility in the 
watershed ranges from slight in most upland areas to severe in ripa rian areas along the lower main 
stem of the Wissahickon Creek in the City of Philadelphia.  
 
Current land use in the Wissahickon Watershed is shown in Figure 2.2.D.  The watershed has been 
heavily developed with residential use, and includes areas of commercial and manufacturing use 
along with h ighway and rail corridors.  Despite the high degree of  development, lands in 
Wissahickon Valley Park in Philadelphia and lands preserved through efforts of  the Wissahickon 
Valley Watershed Association have preserved long reaches of the main stem stream corridor as 
open space.  Had these lands been developed to the degree of many other riparian stream reaches 
in urban areas, the flood damage potential would be much higher.   
 
As of 2005, approximately 46 percent of the Wissahickon Watershed was in single-family residential 
use, with an additional 5 percent used for multi -family residences.  Commercial and industrial use 
comprised 3 percent and 1 percent of the watershed, respectively. Parking to support commercial, 
residential and community activities comprised an additional 3 percent of the land use.  Woodland 
covered 17 percent of the watershed, agriculture covered 7 percent , and recreational space 
occupied an additional 8 percent.  The remaining land use (10 percent) was comprised of 
transportation, community services, water, utility operations, and vacant properties.  A detailed 
analysis of alternative land use scenarios to meet projected future growth in the Wissahickon  
watershed is provided in Section 2.3.  A summary of a hydrologic model evaluation of the two 
scenarios is presented in Section 4. 
 
Taken together, the surface features of the Wissahickon Watershed, along with antecedent soil 
moisture conditions, define how it responds to rainfall.  In order to provide more precis e 
information about potential for flash flooding in small watersheds, the National Weather Servicesô 
Mount Holly Weather Forecast Office has conducted a GIS-based analysis of flash flood potential for 
its forecast area.  The product of the analysis is the map shown in Figure 2.2.E, which shows 

                                                           
4
 U.S. Department of Agriculture, Natural Resources Conservation Service, National Engineering Handbook, Part 630 ς 

Hydrology, Chapter 7, pp. 7-2-7-3. 
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relative flash flood potential in the Wissahickon Watershed based on digital data available for soils, 
slope, forest density, and land use.  The map shows an index of the combined potential for these 
land-based parameters to generate flash flooding, with the highest index numbers representing the 
areas of highest flood potential.  Comparison of this map with Figure 2 .2.D shows the close 
agreement with flash flood potential and land use s associated with impervious cover.  The map 
provides a good picture of the areas in the watershed that would be expected to generate the 
largest runoff volumes, and is consistent with  the representation of surface conditions by the 
hydrologic model described in Section 4. 
 
Once runoff occurs, constructed surface storage that intercepts and holds the runoff can delay flow 
and lower flood peaks.  For this study, the Philadelphia Water Department provided an inventory 
with 185 existing detention basins in the watershed.  This was supplemented by data collected by 
the CSC during field inspections of additional detention facilities and ponds.  Figure 2.2.F shows the 
distribution of these facilities in the watershed.  The majorit y are located in the upper half of the 
watershed where there has been more development subsequent to the implementation of 
stormwater management regulations.  The storage provided by these facilities was estimated and 
totals for each modeled subbasin were included in the hydrologic model.  The estimated total 
storage of all existing facilities is approximately 380 acre-feet.  Most are local facilities designed to 
control site runoff from specific development sites.  If spread over the entire area of the 
Wissahickon Watershed, this storage total amounts to the equivalent of 0.11 inches of runoff.  
Many existing facilities are not designed for extended detention, and runoff from smaller storms 
passes directly through the facility.  These structures represent opportunities for retrofitting to 
provide additional storage and extended detention. 
 
Stormwater collection, piping, and discharge through outfalls affect the pathway and timing of 
runoff in developed watersheds such as the Wissahickon.  Stormwater collection systems are 
located in each of the municipalities in the Wissahickon Watershed.  The collection systems are 
located primarily in the residential, commercial, and industrial areas served by curbed streets, and 
along arterial and secondary roadways.   Although a detailed survey of stormwater pipi ng was not 
conducted as part of this study, estimates of the extent of coverage were made based on field 
observations, orthophotography, land use data, and outfall and drainage shed data provided by the 
Philadelphia Water Department.   Based on this information, it is estimated that stormwater 
collection systems of various capacities have been installed in approximately 60 percent of the 
Wissahickon Watershed.   
 
The single largest land use category in the Wissahickon Watershed is single-family residential.   In 
most residential areas, only a portion of the water falling on roofs and properties enters the street, 
and subsequently the storm inlets, depending on the slope of the property and gutter drainage 
onto the property. The remainder of roof and property  drainage infiltrates into the soil, and as the 
soil becomes saturated, runoff flows at an increasing rate to the street or to other drainage basins 
offsite.  As housing density increases, a larger proportion of each propertyôs drainage enters storm 
inlets.   In the developed sections of the watershed with curbed roadways, the roadways channel 
runoff to the storm inlets during smaller storm events, and become stormwater channels once 
runoff exceeds the capacity of the inlets and/or pipe capacities. Development alters the local runoff 
pathway, particularly for smaller storms, and the runoff to stream channels is often controlled by 
the location of stormwater inlets, piping, detention basins, and outfalls.  This situation is depicted in 
Figure 2.2.G.  For the portion of the watershed within the Philadelphia city limits, stormwater shed 
boundaries were used to delineate subareas for modeling, due to the modification of drainage 
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caused by streets, inlets and piping. The watershed boundaries and outfall locations also were used 
as guidance in delineating subareas outside of the City limits.  A map showing outfall locations in 
the watershed is shown in Figure 2.2.H.  In addition, an example of a municipal stormwater system 
map, with stormwater piping, inlet and outl et locations provided by Upper Dublin Township, is 
shown in Figure 2.2.I.  
 
Based on the analysis of future land use presented in Section 2.3, and as shown on Figure 2.3.A, 
scattered areas of new residential and non-residential development are projected in each of the 
watershedôs municipalities.  Future stormwater collection modifications or expansions would be 
most likely in these areas.   
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